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Abstract

Body mass index (BMI) is widely used to diagnose obesity and assess chronic disease risk, yet
it does not reflect true body composition (BC), particularly fat distribution and lean mass.
While widely used and valuable for population-level screening, BMI is limited in its ability to
capture individual-level variations in BC and disease risk. We aimed to critically evaluate the
limitations of BMI and highlight the clinical value of incorporating BC metrics in obesity
diagnosis and risk stratification. This narrative review with a structured literature search
synthesized evidence from observational studies, clinical cohorts, and imaging-based analyses
published between January 1, 2000 and December 31, 2025. Searches were conducted using
PubMed, Scopus, Web of Science, and Google Scholar using predefined keywords related to
BC, adiposity, and chronic disease risk. Although a structured search strategy was employed,
this review did not follow formal systematic review methodology (eg, PRISMA) and instead
emphasizes qualitative synthesis of evidence to compare BMI with direct measures across
chronic diseases. Individuals with normal BMI but high visceral fat are at increased risk for
conditions such as type 2 diabetes, cardiovascular disease, and cancer. Conversely, high-BMI
individuals with healthy BC profiles may have better outcomes. Phenotypes such as sarcopenic
obesity and normal-weight obesity are poorly identified using BMI alone. Imaging tools like
dual-energy X-ray absorptiometry and bioelectrical impedance analysis offer more precise risk
assessment. We conclude a shift from BMI-centric approaches to personalized BC-based
evaluation is essential for improving obesity diagnosis, guiding interventions, and reducing

chronic disease burden.
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Article Highlights

Body mass index is limited in its lack of ability to identify adiposity and should not be
used in isolation for clinical risk assessment

Visceral adiposity, rather than total body weight, is a primary determinant of
cardiometabolic and chronic disease risk

High-risk phenotypes, including normal-weight obesity and sarcopenic obesity, are
frequently overlooked when relying solely on BMI

Greater skeletal muscle mass substantially increases body weight while it is also
associated with improved metabolic health and reduced risk of type 2 diabetes and
related conditions.

Integration of BC measures (eg, DXA, BIA, and waist-based metrics) can enhance

diagnosis, risk stratification, and individualized management.

Keywords: body composition, visceral fat, BMI, sarcopenia, obesity diagnosis, chronic disease

Abbreviations: ACE, Angiotensin-converting enzyme; ACSM, American College of Sports
Medicine; AT, Adipose tissue; BC, Body composition; BF, Body fat; BF%, Body fat
percentage; BIA, Bioelectrical impedance analysis; BMI, Body mass index; CVD,
Cardiovascular disease; CHD, Coronary heart disease; CKD, Chronic kidney disease; CT,
Computed tomography; DXA, Dual-energy X-ray absorptiometry; FFM, Fat-free mass; IR,
Insulin resistance; LM, Lean mass; MetS, Metabolic syndrome; MRI, Magnetic resonance
imaging; PA, Physical activity; SO, Sarcopenic obesity; T2D, Type 2 diabetes; VAT,
Visceral adipose tissue; WC, Waist circumference; WHO, World Health Organization;
WHR, Waist-to-Hip Ratio; WHtR, Waist-to-Height Ratio.
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1. Introduction

Body mass index (BMI) is widely used to diagnose obesity and malnutrition under the
assumption that it accurately reflects unhealthy body composition (BC), similar to body fat
(BF) percentage (BF%).1® However, the key factors that should be emphasized in diagnosing
obesity are BF% and adiposity distribution, as the risk of unhealthy BC exists across all BMI
categories, including obese, overweight, normal, and underweight classifications.* Unhealthy
BC could be defined as having either high BF%, lower than required essential BF, low muscle
mass or high abdominal fat accumulation.*® The levels of BF%, fat-free mass (FFM) and
adiposity distribution are critical indicators for the incidence and prognosis of common chronic
conditions such as cardiovascular disease (CVD),”® type 2 diabetes (T2D),'%? cancers,*>*
musculoskeletal diseases, ™ liver diseases,'’ and mental disorders.!81°

Changes in BC, including the loss of muscle mass and increased body fatness, are prevalent
across major chronic conditions, including T2D,**'? CVD® and cancers.**!* In advanced stages
of these diseases, patients may progress from being overfat to under-fat, resulting in
cachexia.”1% The variability in the percentage of FFM, BF% or adiposity distribution for a
given BMI across different sex, age groups, races , and chronic disease patients®® raises
questions about the validity of BMI as a diagnostic tool for obesity and malnutrition.
Inconsistencies in studies examining the relationship between BMI-classified obesity and all-
cause mortality have been noted, with some showing linear relationships while others suggest
an inverted U-shaped curve.?!?* Patients classified as normal weight based on BMI but with
high abdominal fat are at an increased risk for chronic diseases and poorer clinical outcomes.?
Despite advances in imaging techniques for assessing BF, visceral obesity in normal-weight
individuals remains a hidden risk factor for chronic illness, while lower visceral adiposity in

high-BMI individuals may correlate with a lower disease risk. These inconsistencies may be
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partially explained by methodological factors such as reverse causation, residual confounding,
and survival bias.?

This comprehensive narrative review critically examines the limitations of BMI as a diagnostic
tool for obesity, emphasizing its well-recognized limitations in accurately reflecting BC at the
individual level, despite its continued utility as a population-level screen tool. By emphasizing
differences in BC, especially the distribution of adipose tissue (AT) and lean mass (L M) across
age, sex, and race, it seeks to highlight the growing need to complement BMI with more precise
methods to assess adiposity.?’ It advocates for a shift towards individualized, multidimensional
approaches in the diagnosis and management of obesity, emphasizing the adoption of detailed
BC analyses in lieu of exclusive dependence on BMI metrics.

2. Methods

This narrative review with a structured literature search was developed using a narrative
synthesis approach to integrate findings from peer-reviewed literature published between
January 1, 2000 and December 21, 2025. Searches were performed using PubMed, Google
Scholar, Scopus, and Web of Science databases with combinations of the following keywords:
BC, obesity diagnosis, BMI, fat distribution, DXA, visceral adiposity, sarcopenic obesity,
normal weight obesity, diabetes, cancer, cardiovascular disease, kidney disease, and chronic
disease risk. Inclusion criteria focused on studies in adults (>18 years) that compared chronic
disease risk or prevalence and/or BMI-based obesity classification with direct measures of BC
such as dual-energy X-ray absorptiometry (DXA), computed tomography (CT), or magnetic
resonance imaging (MRI). Both observational and interventional studies were included to
provide comprehensive coverage of associations between BC and chronic diseases, including
CVD, diabetes, cancer, chronic kidney disease, and musculoskeletal disorders. Although a
structured search strategy was employed, this review did not follow formal systematic review

methodology (eg, PRISMA) and instead emphasizes qualitative synthesis of evidence.?®
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Narrative synthesis was guided by the identification of consistent patterns, discrepancies, and
emerging trends across methodologies. Major meta-analyses and consensus statements from
organizations such as the American College of Sports Medicine (ACSM), World Health
Organization (WHO), and Obesity Medicine Association were also reviewed to contextualize
current recommendations and clinical implications. The review process was guided by
structured search principles; however, no formal study selection flow diagram or quantitative
meta-analysis was performed. Findings were synthesized qualitatively based on consistency,
strength, and relevance of evidence

3. Body Composition and Chronic Disease Risk

Across disease states, BC influences risk through shared physiological pathways, including
chronic low-grade inflammation, insulin resistance, metabolic dysfunction, ectopic fat
deposition, and loss of skeletal muscle mass.

3.1 T2D and Metabolic Syndrome (MetS)

Excess body fat, especially its accumulation as visceral AT (VAT), is a primary driver of
insulin resistance (IR), a central mechanism underlying T2D and the MetS.”1%%° VAT secretes
various adipokines and proinflammatory molecules that impair insulin signaling in peripheral
tissues such as skeletal muscle and the liver. This leads to reduced glucose uptake and increased
hepatic glucose production, both hallmark features of IR.

The disconnect between BMI and true metabolic health is illustrated by the concepts of “normal
weight obesity” (NWO) and “metabolically obese normal weight” (MONW). These
individuals have a normal BMI but a high BF%, especially visceral fat, and are up to four times
more likely to develop MetS compared to individuals with similar BMI but lower BF%,30-32
This underscores the fact that the risk of T2D and MetS is more closely related to the actual

amount and distribution of AT than to BMI classification alone.
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Lean mass, particularly skeletal muscle, offers a protective effect. Higher muscle mass
enhances insulin sensitivity and facilitates glucose uptake, thereby reducing T2D risk.*® The
progression from VAT accumulation to T2D appears to be strongly mediated by VAT-induced
IR.34% Therefore, clinical screening for T2D and MetS should not be limited to those classified
as “obese” by BMI. Central adiposity, regardless of BMI, warrants careful metabolic
evaluation. Interventions should aim to improve insulin sensitivity through strategies that
reduce VAT and maintain or build muscle mass. These clinical associations are supported by
well-established physiological mechanisms linking adipose tissue and skeletal muscle to
glucose regulation.

Physiological Role of AT and Muscle Tissue in Glucose Regulation

To understand why BC matters for metabolic health, we must consider the role of glucose
regulation and how muscle and fat tissues interact in this process. Glucose is essential for
energy production in all tissues, especially skeletal muscle, adipose tissue, and the liver, which
together regulate glucose homeostasis. Approximately three-quarters of postprandial glucose
is taken up by skeletal muscle.®®3" Adipose tissue is also a metabolically active organ that
modulates energy balance and secretes hormones affecting insulin sensitivity and glucose
metabolism.3"3® Both insufficient and excessive adiposity can impair glucose regulation,
leading to increased risk of T2D.3" In particular, visceral and ectopic fat (fat deposited in
non-adipose tissues, including muscle and organs) are key contributors to IR.38%

Substantial evidence shows that individuals with higher BMI are at increased risk for
developing T2D;-12 furthermore, weight loss has been consistently associated with improved
glycemic control and clinical outcomes in T2D patients.*>** However, paradoxically, some
longitudinal studies suggest that overweight or mildly obese individuals with T2D may have
lower mortality rates than their normal-weight counterparts.*>*3 Despite these limitations, BMI

remains a practical and widely accessible tool for population-level risk stratification, with
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consistent associations observed between higher BMI categories and increased incidence of
type 2 diabetes. However, its inability to account for fat distribution and lean mass limits its
utility for individual-level risk assessment, particularly among those with heterogeneous BC
profiles.

3.2 Cancer

Numerous studies have found that overweight and individuals with obesity, particularly those
with a BMI between 25 and 34.9 kg/m?2, diagnosed with cancers such as lung, gastric, prostate,
renal and colorectal cancers as well as lymphoma and leukemia often experience better clinical
outcomes and lower mortality compared to normal-weight patients.”>'* Some evidence
suggests that the obesity paradox may be attenuated or absent when BC measures, such as
DXA-derived fat mass, are used; however, methodological factors may also contribute to this
observation such as reverse causation, confounding, and survival bias.??® . For example,
studies replacing BMI with fat mass index (FMI) or fat-free mass index (FFMI) often find the
paradox disappears.** To date, no study has demonstrated an obesity paradox when DXA-
measured body fatness is used to evaluate cancer risk or prognosis. 444" However,
interpretation of BMI in oncology is further complicated by treatment-related changes in BC,
including cachexia and muscle wasting.*®

BC changes are common in cancer patients, often including muscle wasting and increased fat
mass.*8®! These changes may result from the disease itself, treatment side effects, reduced
activity and appetite.>>°® In some cases, individuals who initially present with excess adiposity
may progress to severe fat and muscle loss, a condition known as cachexia.>* Aging also
contributes to declining muscle mass and increasing adiposity,>® compounding these risks.
Together, these factors highlight the importance of assessing BC not only at diagnosis but
throughout treatment and survivorship, as longitudinal monitoring may better inform clinical

decision-making and optimize patient outcomes.
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3.3 Cardiovascular Disease (CVD)

The anatomical location of fat deposition is a critical determinant of CVD risk (Figure). A
large body of research shows that visceral adiposity, more so than overall adiposity as measured
by BMI or subcutaneous fat, is independently associated with increased risk of CVD, especially
coronary heart disease (CHD).?® Data from the Multi-Ethnic Study of Atherosclerosis (MESA)
demonstrated that men and women in the highest tertile of visceral fat had a two- to threefold
higher risk of incident CHD than those in the lowest tertile, even after adjusting for traditional
risk factors and subcutaneous fat. Subcutaneous fat, notably, showed no independent
association with CVD events. Furthermore, these findings did not differ significantly by age,
sex, or race/ethnicity.®®®" This underscores the central pathogenic role of visceral fat in
atherosclerotic CVD.

The link between VAT and CVD involves multiple mechanisms. Visceral fat acts as an
endocrine and inflammatory organ, secreting pro-inflammatory cytokines (eg, Tumor Necrosis
Factor-alpha, Interluekin-6) and maladaptive adipokines, while reducing protective adiponectin
levels. This pro-inflammatory environment fosters insulin resistance, an atherogenic lipid
profile (elevated triglycerides, small dense low-density lipoproteins, and reduced high-density
lipoprotein cholesterol), and endothelial dysfunction, all of which contribute to atherosclerosis
and hypertension.

Diagnostic metrics that directly assess central adiposity—such as waist circumference (WC),
waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and the visceral-to-subcutaneous fat
(V/S) area ratio—consistently show stronger associations with CVD risk than BMI.%® The
visceral-to-subcutaneous fat (V/S) ratio reflects the relative distribution of metabolically
harmful visceral fat compared to subcutaneous fat and has been proposed as a marker of

cardiometabolic risk. For example, a V/S ratio greater than 1.80 is a strong predictor of


https://www.google.com/search?q=Tumor+Necrosis+Factor-alpha&oq=TNF-%CE%B1&gs_lcrp=EgZjaHJvbWUqBwgAEAAYgAQyBwgAEAAYgAQyBwgBEAAYgAQyBwgCEAAYgAQyBwgDEAAYgAQyBwgEEAAYgAQyBwgFEAAYgAQyBwgGEAAYgAQyBwgHEAAYgAQyBwgIEAAYgAQyBwgJEAAYgATSAQc3NDBqMGo0qAIDsAIB8QU1zREcfoc3Pg&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiAts-j_daTAxW8g4kEHdnWKA4QgK4QegYIAQgAEAM
https://www.google.com/search?q=Tumor+Necrosis+Factor-alpha&oq=TNF-%CE%B1&gs_lcrp=EgZjaHJvbWUqBwgAEAAYgAQyBwgAEAAYgAQyBwgBEAAYgAQyBwgCEAAYgAQyBwgDEAAYgAQyBwgEEAAYgAQyBwgFEAAYgAQyBwgGEAAYgAQyBwgHEAAYgAQyBwgIEAAYgAQyBwgJEAAYgATSAQc3NDBqMGo0qAIDsAIB8QU1zREcfoc3Pg&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiAts-j_daTAxW8g4kEHdnWKA4QgK4QegYIAQgAEAM
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hypertension, particularly in individuals with prediabetes. Additionally, BF% measured via
imaging techniques may outperform BMI in predicting CVD outcomes in certain populations.
These findings collectively argue for a shift in CVD risk assessment protocols toward
evaluating visceral adiposity using WC, WHtR, or advanced imaging where feasible. In routine
clinical practice, simpler measures such as WC and WHtR may provide feasible alternatives to
imaging-based assessments. Interventions targeting VAT reduction may produce more
meaningful clinical benefits than those focused solely on weight loss or BMI normalization.*®
62

Nevertheless, the relationship between BMI-defined obesity and CVD outcomes remains
inconsistent across studies.?? Some show a linear association, while others reveal J- or U-
shaped curves, suggesting that individuals classified as overweight or mildly obese (Obesity
Class 1) may experience the most favorable outcomes.®*% Overweight and individuals with
obesity with low visceral fat may exhibit a metabolically healthy profile with reduced CVD
risk.2%5-%7 Conversely, normal-weight individuals with high central adiposity remain at
elevated risk, which often goes undetected when using BMI alone. >89

Furthermore, loss of LM that is prevalent in, CHD,’® myocardial infarction,’*"? stroke,”®"*
peripheral arterial disease,” and heart failure’®’” may represent both a consequence of the
disease itself (eg, due to inflammation, reduced physical activity, and catabolic signaling) and
a contributing factor to disease progression through reduced metabolic reserve and physical
function. Changes in BC due to loss of LM may remain undetected if BMI is the sole measure,
particularly when fat mass increases simultaneously.

3.4 Chronic Kidney Disease (CKD)

Obesity, low muscle mass, and high BF% are each independently associated with increased
risk for CKD. 788 Globally, over a billion individuals meet the BMI criteria for obesity,® but

this figure could be significantly higher if diagnoses were based on BF% or visceral adiposity.



JUugp-IY L

In patients with CKD, loss of muscle mass is driven by reduced protein synthesis and increased
catabolism.®? These changes are often exacerbated by age-related sarcopenia and can be
detected early through BC assessment using DXA. 8

However, reliance solely on BMI has led to conflicting conclusions in CKD research.®* Some
studies have reported that overweight or mildly obese patients have better clinical outcomes—
an observation known as the “obesity paradox.”®8 A large study involving 3.3 million U.S.
adults found that overweight older adults with CKD had the most favorable prognoses.®® By
contrast, a study in England including 1.4 million individuals found that BMI-defined
overweight status was associated with higher risk of advanced CKD, highlighting the
limitations of BMI in this context.”® These inconsistencies may reflect disease-related
alterations in BC commonly observed in CKD populations, including fluid retention, muscle
wasting, and changes in fat distribution.88¢

3.5 Musculoskeletal Conditions

The relationship between adipose tissue and the musculoskeletal system is complex. BC plays
a critical role in influencing both muscle and bone health, particularly in aging and chronically
ill populations.

Sarcopenia and Sarcopenic Obesity (SO)

Sarcopenia, the age-associated loss of skeletal muscle mass, strength, and function, is a major
contributor to frailty, disability, and mortality in older adults. Current consensus definitions of
sarcopenia incorporate not only reduced muscle mass but also declines in muscle strength and
physical performance.®”8 Obesity, especially the accumulation of visceral fat, exacerbates
sarcopenia through several mechanisms. Visceral fat promotes chronic inflammation, disrupts
healthy gut microbiota, induces insulin resistance (which impairs muscle protein synthesis),
and contributes to the infiltration of ectopic fat into muscle tissue, thereby compromising

muscle quality and function.8%
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The co-existence of excess adiposity and low muscle mass/strength defines SO. Individuals
with SO are at particularly high risk for adverse outcomes, including metabolic disorders,
CVD, functional decline, and premature death, risks that are higher than those associated with
either sarcopenia or obesity alone.’>%°! Crucially, BMI often fails to identify SO because
elevated fat mass can mask underlying muscle loss, leading to underdiagnosis and
undertreatment.

Osteoporosis and Osteosarcopenia

Osteoporosis is characterized by reduced bone mineral density (BMD) and structural
deterioration of bone tissue, increasing fracture risk. The relationship between adiposity and
bone health is nuanced. While a higher BMI may confer protective mechanical loading effects
on bone, a higher BF% is associated with decreased muscle mass and increased risk of
osteosarcopenia, the co-occurrence of sarcopenia and osteoporosis. Clinically, osteosarcopenia
is associated with increased fracture risk, frailty, and disability, particularly in aging
populations.8”%

In postmenopausal women, studies have shown that although BMI may be positively correlated
with BMD, excess fat mass is linked to muscle loss and frailty.®2° Emerging evidence suggests
that visceral fat may negatively affect bone health via inflammatory mechanisms, whereas
subcutaneous fat may exert neutral or even protective effects.®* The paravertebral muscle area-
to-visceral fat area ratio (PVR), measurable via abdominal CT, has been proposed as a novel
index for identifying sarcopenic obesity and predicting risk for hypertension and T2D.%

3.6 Functional Capacity and BC

Beyond specific musculoskeletal disorders, BC impacts overall physical function and health
related quality of life. Higher BF% is inversely associated with functional movement capacity
in inactive, overweight adults.®® In contrast, individuals without chronic diseases or excess

adiposity tend to have higher functional scores, underscoring the interconnectedness of BC,
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mobility, and general health.®® Physical activity (PA), particularly resistance training, plays a
critical role in improving BC by reducing fat mass and preserving or increasing lean muscle
mass, thereby enhancing functional capacity.>%-6297-101

The interplay of excess fat and muscle loss, particularly in sarcopenic obesity, creates a "worst-
case scenario" in which the deleterious metabolic effects of visceral adiposity are compounded
by the loss of muscle, a key tissue for regulating glucose, maintaining metabolic health, and
enhancing physical performance. BMI alone is entirely inadequate to capture this clinically
significant profile. PA and resistance training are key modifiers of both BC and functional
outcomes. Evaluating both fat and muscle mass, along with functional metrics, is essential for
diagnosing and managing musculoskeletal health, particularly in older or chronically ill
populations.

Effective clinical strategies must be multifaceted, not only reducing harmful fat depots but also
preserving or increasing muscle mass to interrupt the vicious cycle of metabolic dysfunction,
inflammation, and physical frailty.

4. Clinical and Public Health Guidelines

Clinical guidelines from major health organizations worldwide are gradually, albeit slowly,
beginning to reflect the growing body of evidence on BMI's limitations and the importance of
BC. There is an increasing acknowledgment that while BMI may serve as an initial screening
tool, it is insufficient for comprehensive obesity diagnosis and risk assessment.

Clinical guidelines from organizations such as the World Health Organization, American Heart
Association, and American Association of Clinical Endocrinology increasingly recognize the
limitations of BMI and recommend incorporating additional measures such as WC and BC
assessment. 212758102103 Thjg s particularly advised for individuals with a BMI below 35 kg/m?,
as WC provides a better indication of central adiposity, which is strongly linked to

cardiometabolic risk.®® However, it is important to note that some guidelines, such as those
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from the AACE/ACE, go further by explicitly advising clinicians to consider factors like age,
sex, muscularity, and the potential for sarcopenia when interpreting BM1.1% They also suggest
that clinicians should consider using BC technologies like BIA or DXA for a more accurate
assessment.'%* Despite these recommendations, implementation of BC assessment in routine
clinical practice remains limited due to cost, accessibility, and infrastructure constraints

More progressive recommendations are emerging from global commissions and specialized
societies. For instance, a recent global commission on obesity diagnosis proposed that
clinicians should use at least one additional measurement of body size (such as WC, WHR, or
WHTtR) alongside BMI, or alternatively, employ direct body fat measurement techniques like
DXA, regardless of BMI.1% Specialized groups like the Obesity Medicine Association actively
recommend using BF%, WC, and an obesity staging system that incorporates comorbidities,
moving beyond simple anthropometry.% Furthermore, there is an endeavour within the
research community to establish BF% and abdominal fat thresholds for health risk that are
derived considering differences in BC across age, sex, and race.

While these developments indicate a positive trend towards more nuanced assessment, the full
and consistent integration of comprehensive BC analysis into routine clinical practice
guidelines is still an evolving process and faces significant practical hurdles. The journey from
the WHO simply stating that BMI is a "surrogate marker" to more specialized bodies like
AACE recommending consideration of advanced BC technologies, and global expert panels
proposing entirely new diagnostic frameworks, illustrates this evolution. However, the
widespread, standardized application of these more sophisticated assessments is not yet a
reality in most clinical settings. Barriers include the cost of equipment, limited accessibility
(especially for imaging techniques like DXA, CT, and MRI), the need for specialized training
for personnel, and a lack of clear, universally accepted protocols for when and how to deploy

these different technologies. There is a pressing need for clear, practical guidance on the
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appropriate use of various BC measures in different clinical scenarios. Enhancing the education
of healthcare providers on the interpretation and clinical utility of these measures, alongside
advocating for adequate insurance coverage, will be crucial for facilitating their wider adoption
and realizing the benefits of a more precise approach to obesity assessment.

A person is considered to have a healthy BC when there is no excess percent BF accumulation,
higher than required essential BF and good percent FFM.*® Individuals with BMI below
normal range bear an unhealthy BC because of having lower muscle mass or fat mass than
required for body’s physiological or psychological function to maintain homeostasis.'%’-10°
Moreover, high fat deposits around the abdomen is a sign of unhealthy BC.

Healthy levels of BF% among men and women in different age groups has been classified in
the Guidelines for Exercise Testing and Prescription by the ACSM.!% There isn’t a
classification or cut off values for abdominal fat/\VVAT and it constitutes 10-20% of the total
BF.11113 Therefore, the higher the BF%, the greater will be the VAT.

4.1 American College of Sports Medicine Body Fat Guidelines by Age

The ACSM provides guidelines for healthy BF% that takes into account age and sex, offering
a more nuanced perspective than general BMI classifications. These guidelines recognize that
BC can change with age and that healthy BF ranges may vary accordingly. It should be noted
that body fat percentage thresholds may vary depending on the measurement method used (eg,

DXA, BIA, skinfolds), which may influence interpretation.

Table 1: Body Fat Percentage Ranges by Age (DXA-Based NHANES Reference)

Updated population-based evidence from NHANES using DXA provides age- and sex-specific
BF% ranges that are directly linked to established BMI classifications, offering a more
clinically grounded framework than traditional guideline-based estimates (Table 1).}* These
data demonstrate that BF% increases with age for a given BMI and is consistently higher in

women than in men, reinforcing the importance of interpreting BC within the context of both
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age and sex. By aligning BF% thresholds with BMI categories (eg, normal weight, overweight,
obesity), this approach allows for more precise classification of adiposity and related health
risk.14 It should also be noted that BF% values may vary depending on the assessment method
used (eg, DXA, BIA, skinfolds), and the reference values presented here are specifically

derived from DXA-based measurements, which may influence comparisons across methods. .

4.2 Drugs and BC

Pharmacological agents commonly prescribed for chronic conditions can significantly
influence both adiposity and lean tissue mass, thereby altering overall BC. These effects may
contribute to or mitigate sarcopenia, cachexia, or obesity, depending on drug class, dosage, and
treatment duration. Drugs used for various chronic diseases effect muscle mass and adiposity.
Medications Associated with Muscle Loss and Preservation

Drugs such as sulfonylureas, glinides, and statins have been associated with reductions in
skeletal muscle mass, particularly in older adults and individuals with metabolic diseases.®!1>
117 Conversely, biguanides (metformin), angiotensin-converting enzyme (ACE) inhibitors, and
angiotensin receptor blockers (ARBs) have shown protective effects on skeletal muscle.®
ACE inhibitors and ARBs appear to mitigate age-related sarcopenia through mechanisms
involving improved muscle perfusion, reduced oxidative stress, and modulation of the renin—
angiotensin system, which influences protein synthesis and degradation pathways in
myocytes.!*® Studies have demonstrated improved grip strength and muscle preservation
among hypertensive older adults treated with these agents.
Drugs That Promote Muscle Health

Several pharmacologic compounds have demonstrated potential to enhance or preserve muscle
mass and strength. These include pioglitazone, testosterone, vitamin D,'?° growth hormone,'%
beta-estradiol combined with cyclic norethisterone acetate,?? dehydroepiandrosterone,'?3

growth hormone-releasing hormone,!? testosterone combined with growth hormone!?* and
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insulin-like growth factor.?:124 However, these benefits are context-dependent, and long-term
safety and effectiveness remains a concern, particularly in individuals at risk of malignancy or
CVD.

Drugs That Increase Fat Mass or Promote Adiposity

Conversely, several medications can contribute to increased fat accumulation. Insulin,
sulfonylureas, thiazolidinediones (TZDs), beta-blockers, and certain psychotropic agents (eg,
tricyclic antidepressants, lithium, and atypical antipsychotics) are known to induce fat gain or
alter fat distribution toward a more visceral pattern.'?® Few pharmacologic agents selectively
reduce fat mass without affecting lean tissue, and most interventions influence both
compartments to varying degrees. . This pharmacologically induced adiposity can mask
sarcopenic changes when BMI alone is used as a diagnostic metric.%*

Clinical Implications

These opposing effects on fat and muscle compartments underscore the limitations of BMI as
a sole indicator of BC changes in pharmacologic management. Imaging-based approaches such
as DXA, CT, and MRI are indispensable for accurately tracking therapeutic effects on lean and
fat tissue compartments. Future research should prioritize DXA-based longitudinal studies to
quantify drug-induced BC changes and evaluate the synergistic effects of combined
pharmacological therapy, physical activity (PA), and nutrition interventions in maintaining
healthy BC among aging and chronically ill populations.

4.3 High BMI and Healthy BC/Normal BMI and Unhealthy BC

Individuals with high BMI but low fatness are wrongly categorised to have higher chronic
disease risk whereas, those with normal BMI and high fatness are identified as having lower
disease risk (Figure). Investigations have shown that populations with normal BMI but high

fat have increased risk for cardiometabolic dysfunction and MetS.'?® Moreover, a study
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including children and adolescents exhibited that high LM among those with higher BMI have

low cardiometabolic risks compared to high BMI and low LM group.t?’

Table 2: Studies Demonstrating Linear Association Between Fatness Measured via DXA
Scanning and Chronic Disease Risks and Outcomes

5. Tools for Assessing BC

For more precise quantification of body fat, LM, and adiposity distribution, several advanced
techniques are available (Figure), though their use is often dictated by factors such as accuracy
requirements, cost, and accessibility.

5.1 Dual-Energy X-ray Absorptiometry (DXA)

DXA is widely used and highly informative for assessing three-compartment BC, capable of
differentiating and quantifying bone mineral content, fat mass, and lean soft tissue.!?812% |t
provides reliable estimates of total BF%, regional fat distribution (including fat in the trunk
and appendicular regions), and regional LM. One of the advantages of DXA is its relatively
low radiation exposure compared to other imaging modalities like CT. However, DXA is not
without limitations. It is more expensive and less accessible than BIA or basic anthropometry.
Some DXA machines have weight limits (eg, often around 350 pounds or 159 kg), which can
preclude their use in individuals with severe obesity. The scan time is longer than for BIA, and
while it provides regional fat data, its ability to precisely differentiate VAT from abdominal
subcutaneous AT (SAT) is not as robust as that of CT or MRI.1%

5.2 Bioelectrical Impedance Analysis (BIA)

BIA is a non-invasive, portable, relatively inexpensive, and rapid method for estimating BC.1?8
It operates by passing a low-level, safe electrical current through the body and measuring the

opposition (impedance) to the current's flow. Since fat, muscle, and water conduct electricity
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differently, BIA devices use this impedance measurement, along with variables like height,
weight, age, and sex, in prediction equations to estimate BF%, FFM, and total body water.
The accuracy of BIA can be significantly influenced by several factors, including the patient's
hydration status, recent food intake, recent PA, the specific BIA device used (eg, hand-to-hand,
foot-to-foot, or whole-body segmental), and the appropriateness of the prediction equations
embedded in the device software for the individual being assessed. Studies comparing BIA to
DXA have shown variable levels of concordance, with some BIA devices tending to
overestimate muscle mass or underestimate BF, particularly in certain populations like older
adults or across different ethnic groups. Ethnic variations in BIA accuracy have been
documented, suggesting the need for population-specific validation. Despite these limitations,
the development of correction models and more sophisticated, population-specific prediction
equations can improve BIA's accuracy, positioning it as a practical and valuable alternative to
DXA in many clinical settings where DXA is unavailable or impractical.

5.3 Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)

CT and MRI are considered gold-standard imaging techniques for the precise quantification of
regional fat distribution, especially for accurately differentiating and measuring VAT and
SAT.B% They are also highly effective for assessing muscle mass, muscle quality (eg, fat
infiltration into muscle), and ectopic fat accumulation in organs such as the liver and pancreas.
CT provides excellent anatomical detail and allows for precise organ and fat compartment-
specific analyses with relatively good patient throughput. However, its use involves exposure
to ionizing radiation, which limits its application for routine or repeated BC assessments,
particularly in younger individuals or for screening purposes. CT scans are also more costly
than DXA or BIA.

MRI offers superb soft-tissue contrast, enabling detailed visualization and quantification of fat

depots and muscle without the use of ionizing radiation. It can also provide some information
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on tissue metabolism. The main drawbacks of MRI are its high cost, longer scan times
compared to CT or DXA, and potentially limited patient access due to availability and
contraindications (eg, certain metallic implants).

The emergence and refinement of these advanced BC techniques suggest a potential for a tiered
approach to assessment in clinical practice. No single advanced method is universally optimal;
the choice is contingent upon the specific clinical question being addressed, the level of
precision required, the characteristics of the patient, and the availability of resources, including
cost and accessibility. CT and MRI, for example, are invaluable for research purposes requiring
high-precision quantification of specific fat depots like VAT or liver fat, or for complex clinical
cases. DXA may serve as a more cost-effective clinical reference standard for assessing total
BF% and regional adiposity.

Advances and technological changes in the DXA devices have made it easier to measure the
BF, FFM and bone mass density using a 3-compartment model.& DXA is a method to measure
BC with high precision, accuracy, and reproducibility as well as low cost and exposure
equivalent to lower than the daily dose of natural background radiation. CT and MRI are
considered superior in differentiating adipose tissue (intramuscular, subcutaneous and visceral)
however, are not cost effective. Furthermore, single exposure to a CT scan is equivalent to
many years of background radiation.!3! Ultrasound is also able to differentiate fat tissue
however, due to lack of standardisation in scanning protocols reproducibility in BC assessment
is low compared to the other imaging techniques.'3? On considering strengths and weaknesses
around the imaging techniques, DXA is widely used and provides valuable information on BC;
however, the optimal assessment method depends on the clinical or research objective, required
precision, and resource availability. CT and MRI remain reference standards for precise
quantification of visceral and ectopic fat, while emerging tools such as ultrasound may offer

additional clinical utility..
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Routine BC examination in primary care setting will help in diagnose unhealthy BC as well as

predict disease prognosis. Furthermore, data generated on DXA and health outcomes will aid

in answering important clinical research questions.

Table 3. Strengths and Weaknesses of Different Imaging Techniques for Body
Composition Assessment.

6. Strategic Recommendations

For Clinical Practice:

1.

Integrate DXA-Based BC Assessment into Routine Care: (DXA may be considered
where feasible, particularly in high-risk populations. A tiered approach to assessment
may be most practical, with anthropometric measures such as BMI and waist
circumference used for initial screening, followed by advanced BC techniques when
clinically indicated.®® DXA offers a low-radiation, cost-effective, and highly
reproducible method to monitor shifts in fat and muscle compartments that BMI cannot
detect.

Integrate BC Analysis for Specific Populations: For patients with suspected or
confirmed sarcopenia, SO, normal weight obesity, or those undergoing significant
weight management interventions (including bariatric surgery), BC analysis using DXA
should be done. This will help guide therapeutic choices, monitor changes in both fat
and lean mass, and ensure that weight loss is metabolically healthy.

Interpret BMI in Clinical Context: BMI should be considered a screening metric only.
Clinicians should interpret BMI values alongside BC data, PA levels, and metabolic
health indicators. This is especially important for patients with chronic diseases,
endocrine disorders, or conditions characterized by cachexia or muscle wasting.
Monitor Pharmacological Effects on BC: Prescribers should be aware of medications

that alter fat and muscle tissue and consider BC monitoring in long-term users of these
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drugs (eg, antidiabetic, antihypertensive, or psychotropic agents). Periodic DXA
assessments may provide actionable data to adjust treatments and mitigate adverse

compositional changes.

For Research:

1. Validate and Optimize Accessible Tools: Prioritize research aimed at further

validating, refining, and enhancing the accuracy and cost-effectiveness of accessible BC
tools (eg, 3D optical scanners, multi-frequency BIA) for use in diverse clinical settings
and populations.

Establish Outcome-Based Thresholds: Conduct large-scale, longitudinal studies to
establish robust, clinically meaningful thresholds for BF%, VAT volume/area, and lean
mass indices that are directly linked to hard clinical outcomes (morbidity and mortality)
across various demographic groups.

Investigate Targeted Interventions: Focus research efforts on identifying and
evaluating the efficacy of specific lifestyle, pharmacological, and other therapeutic
interventions that preferentially target the reduction of visceral fat while preserving or
increasing LM.

Explore Novel Biomarkers and Mechanisms: Continue to investigate novel
biomarkers and the underlying molecular mechanisms that link specific BC profiles (eg,
high VAT, low muscle quality) to the pathogenesis of chronic diseases, including the

role of inflammation, adipokines, myokines, and the gut microbiome.

For Policy and Public Health:

1. Update Clinical Guidelines: Advocate for and support the revision of national and

international clinical practice guidelines to more robustly and explicitly incorporate
comprehensive BC assessment strategies that go beyond BMI, providing clear,

actionable recommendations for healthcare providers.
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2. Promote Insurance Coverage: Work towards securing adequate insurance
reimbursement for clinically indicated BC assessments to ensure equitable access to
these more precise diagnostic tools for all patients who stand to benefit.

3. Enhance Public and Professional Education: Launch targeted public health
campaigns and professional education initiatives to raise awareness about the limitations
of BMI, the critical importance of healthy BC (which is more than just weight), the
specific risks associated with visceral adiposity, and the benefits of maintaining lean
muscle mass.

4. Foster Supportive Environments: Develop and implement policies that create
environments conducive to achieving and maintaining healthy BC. This includes
promoting access to nutritious foods, safe spaces for PA, and addressing the social
determinants of health that contribute to unhealthy adiposity patterns.

5. Combat Weight Bias and Stigma: Actively work to dismantle weight bias and stigma
within healthcare and society at large by promoting an understanding of obesity and
malnutrition defined based on the complex BC status influenced by individual lifestyle
choices and multiple factors including sex, age, race/ethnicity and socioeconomic
factors.

Implementing these strategic recommendations will require a collaborative and sustained effort
from healthcare providers, researchers, policymakers, public health agencies, and patient
advocacy groups. However, the potential rewards—a more scientifically sound, equitable, and
effective approach to preventing and managing obesity and its related.

7. Summary and Future Directions

The comprehensive body of evidence critically examined in this report converges on a clear
and compelling conclusion: BMI, while widely used and valuable for population-level

screening, is limited in its ability to capture individual variations in BC and associated health
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risks.?! Its inherent inability to assess actual BF%, to differentiate between metabolically
distinct fat depots (particularly harmful visceral adiposity versus less detrimental subcutaneous
fat), and to account for the critical role of lean muscle mass renders it a crude and often
misleading metric. This is further compounded by its variable applicability across diverse
populations differing in age, sex, and race/ethnicity, and its shortcomings in various clinical
conditions where BC is significantly altered.

The scientific literature robustly supports the centrality of BC in determining health outcomes.
Excess visceral adiposity has been unequivocally identified as a key pathogenic driver of a
multitude of chronic conditions, including CVD, T2D, and non-alcoholic fatty liver disease.
Conversely, the preservation and enhancement of LM, especially skeletal muscle, confer
significant metabolic and functional benefits, acting as a protective factor against these same
diseases. The existence of phenotypes such as NWO and SO, both of which are associated with
heightened health risks yet often masked by BMI, further underscores the imperative to look
beyond this widely accepted measure.

BC is shaped significantly by PA levels, dietary patterns **3 and the level of cardiorespiratory
fitness.*®1% Determining person’s PA and diet is an intricate process however BC parameters
can be assessed directly using DXA or other imaging techniques. Men and women categorized
as normal weight using BMI are not always metabolically healthy, simultaneously, those
classified as overweight/obese grade 1 are not always metabolically unhealthy.%1% _ower than
the essential BF %, excess of AT accumulation!3**® or low muscle mass*® are either risk
factors or the signs of chronic conditions. Therefore, muscle mass and body fat in right balance
is crucial for maintaining homeostasis, normal physiology and metabolism.

Fortunately, a range of more precise measures for assessing adiposity and BC are available.
These span from simple, low-cost anthropometrics like WHtR, which shows considerable

promise as an accessible indicator of central adiposity, to advanced imaging and non-imaging
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techniques such as DXA, BIA, CT, and MRI, each offering distinct advantages in specific
clinical or research contexts. The judicious application of these tools can provide a far more
accurate and clinically relevant picture of an individual's adiposity-related health status.
Therefore, a paradigm shift towards personalized obesity diagnosis and management is not
merely a desirable evolution but an essential progression for improving public health and
individual patient care. This shift necessitates the integration of comprehensive BC assessment
into routine clinical practice, moving decisively beyond an over-reliance on universal BMI
thresholds.

8. Limitations

There are several limitations in this review that should be considered when interpreting the
findings. First, this is a narrative review with a structured literature search and does not follow
formal systematic review methodology (eg, PRISMA). As such, although efforts were made to
include a broad and representative body of literature, the selection of studies may be subject to
selection bias and may not be exhaustive. We also acknowledge that the synthesis of findings
is qualitative rather than quantitative. No meta-analysis was performed, and therefore the
magnitude of associations between BC measures and chronic disease outcomes cannot be
directly compared across studies. Instead, conclusions are based on consistency, directionality,

and strength of evidence across heterogeneous study designs and populations.

The variability in measurement techniques for BC (eg, DXA, BIA, CT, MRI, and
anthropometry) introduces another limitation that may influence reported outcomes and limit
direct comparability between studies. Differences in population characteristics including age,
sex, race/ethnicity, and disease status further contribute to heterogeneity in findings. Although
this review highlights the clinical value of advanced BC assessment methods, practical

considerations such as cost, accessibility, and implementation in routine clinical settings may
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limit their widespread adoption. As a result, recommendations should be interpreted within the
context of available resources and clinical feasibility. Finally, while this review emphasizes the
role of BC in chronic disease risk, other important factors such as including physical activity,
cardiorespiratory fitness, dietary patterns, and socioeconomic determinants of health also play
critical roles and may interact with BC in complex ways that are not fully captured in this
review. Notwithstanding this, it is reasonable to consider BC a strong indicator of an

individual’s fitness, physical activity levels and dietary habits.

9. Conclusion

There is a call for international initiative to build a global consortium of investigators working
on body fat and health outcomes. The consortium will facilitate building of an international
database on BC (measured via DXA or other imaging techniques) representing the world’s
population that could be used to investigate the public health impact of unhealthy BC
worldwide. Further the database will assist in studying association of high BF and Low LM on
morbidity and mortality across different ethnicities, nationalities, sex, age groups and BMI
categories. Developing a universal BF%, android and gynoid fat mass percentiles that could be

used across different races and age groups will provide great utility for clinical practice.
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Comparison of Age-Specific Healthy Body Fat Percentages and General Adult BMI
Classifications

~25-28% (Overweight)
~30-32% (Obesity)

~38-40% (Overweight)
~42-44% (Obesity)

Age Body Fat % (Men) Body Fat % (Women) [General Adult BMI Classifications
Group
20-29  [~10-20% (Normal) ~20-32% (Normal) Underweight: <18.5 kg/m?

~23-28% (Overweight) [~35-40% Overweight)

~28-31% (Obesity) ~40-43% (Obesity Healthy/Normal Weight: 18.5-24.9 kg/m?
30-49 [~12-22% (Normal) [~22-34% (Normal)

~23-28% (Overweight) |~36-40% (Overweight) [Overweight: 25.0-29.9 kg/m?

~28-32% (Obesity) ~41-44% (Obesity)
50+ ~14-24% (Normal)  [~24-36% (Normal) Obesity: >30.0 kg/m?

Source from Am J Clin Nutr.114

* Body fat percent ranges were determined from cut-points anchored at BMI equivalents for each category (Normal,
Overweight, Obese) from referenced source using NHANES data and adjusted upward slightly with age (consistent with

physiology).
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Table 2: Studies Demonstrating Linear Association Between Fatness Measured via DXA

Scanning and Chronic Disease Risks and Outcomes

Author, Men | Women | Age Data source Exposure variables | Outcomes
Journal group
Arthuretal. ¥ | N/A | 11393 |50 to 79 | Women's Whole body fat, Invasive breast
years Health percentage whole | cancer
Initiative body fat, trunk fat
cohort, (defined by the fat
collected at 40 | contained in the
clinical centers | torso apart from
throughout the | head and limbs),
United States the ratio of trunk
to leg fat mass, fat
mass index and
trunk fat mass
index were
calculated as
whole body fat
mass and trunk fat
mass in kilograms
divided by height
in meters squared,
respectively.
Brittonetal. ” | 1512 | 1574 Mean Framingham Visceral adipose Cardiovascular
age 50.2 | Heart Study tissue events, cancer
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Offspring and
Third
Generation

cohorts, United

events, all cause

mortality

States
Gowri etal. 1 | 581 | 499 39-44 Vellore birth Total fat mass, Insulin resistance,
years cohort, India total lean mass, hypertension,
android fat, hypertriglyceridemia
visceral fat,
abdominal
subcutaneous
adipose fat, gynoid
fat
Hirani etal. *® | 1511 | N/A >70 Concord Health | Low lean mass Frailty, disability,
years and Ageing in | defined as Institutionalisation
Men Project, appendicular lean | and mortality
Australia mass: body mass
index ratio less
than 0.7809.
Obesity defines as
percent fat mass
more than 30%
ltoetal. ® 768 | 1960 20- Cohort from Body fat Hypertension,
79 years | Fukuoka Health | percentage, Fat dyslipidaemia,
Promotion diabetes mellitus
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Center in mass trunk/fat
Fukuoka City, | mass legs
Japan
Leslieetal. 1* | N/A | 30,252 | >40years | Administrative | Abdominal fat, hip | Diabetes
healthcare fat
databases from
the Province of
Manitoba,
Canada
Staunstrup et | N/A | 4,679 | 49-89 Prospective Trunk-to- Respiratory Cancers,
al. 4 years epidemiological | peripheral fat ratio | gastrointestinal
risk factor cancers, breast
cohort, Center cancer, female
for Clinical and genital organs
Basic Research, cancers, other
Ballerup or cancers
Aalborg,
Denmark
Uchaietal. 1 | 146 | 234 30-87 Population- Fat mass index Pre-frailty, frailty
years based Tromsg
Study
Vasan etal. 2 | 2119 | 2831 | 29- Oxford Android fat, Impaired fasting
55years | Biobank, Visceral fat, glucose,

Oxfordshire,

abdominal, arm

fat, Gynoid fat,

hypertension,
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United

Kingdom

Leg fat, lean body

mass

hypertriglyceridemia,

insulin resistance

Wong et al. °

N/A

449

40-80

years

A prospective,
longitudinal
and
observational
evaluation of a
population-
based cohort of
middle to older
age women,
Brisbane,

Australia

Total fat mass
index, Abdominal
fat mass index,
Total lean mass
index,
Appendicular lean

mass index

Coronary artery
event, Stroke event,
Peripheral artery

event

* Data summarized from studies cited in Column 1; reference numbers correspond to the manuscript reference list. Values and

observations reflect a synthesis of findings across the cited studies rather than a single dataset.
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Table 3. Strengths and Weaknesses of Different Imaging Techniques for Body Composition

Assessment.
Strengths Weaknesses
BIA = Non-invasive and quick = Lower accuracy compared to imaging
= No radiation exposure techniques
= Low cost and portable = Influenced by hydration status, recent food
= Easy to use in clinical and field intake, and exercise
settings = Limited ability to assess regional body
= Suitable for large population studies composition and differentiate fat types
(visceral vs subcutaneous)
= Variability between devices and prediction
equations
DXA = High precision and reproducibility | = Produces very low dose ionising radiation
= Very low radiation exposure = Inability to assess infiltration of fat in the
=  Widely available muscle
= Low cost = |nability to differentiate types of fat;
= Estimates lean mass, bone mass intramuscular, visceral, subcutaneous unless
density and fat mass special software is used.
MRI = Excellent precision and = High cost
reproducibility » Require trained technician
= High image resolution permits = Require technical skills for image
estimating degree of fat infiltration interpretation
into the muscle = Variations in protocols
= Low availability
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Able to differentiate type of fat;
intramuscular, visceral,
subcutaneous

Do not produce ionising radiation

Ultrasound High precision Require technical skills for operating the scans
Widely available
Low cost Low reproducibility due to lack of
Do not produce ionising radiation standardisation of protocol and results
Able to differentiate type of fat; depending on the skills of the operators
intramuscular, visceral,
subcutaneous

CT High precision and reproducibility Require technical skills for operating the scans

High image resolution permits
estimating degree of fat infiltration
into the muscle

Able to differentiate type of fat;
intramuscular, visceral,

subcutaneous

High cost
Very high radiation exposure

Limited availability

= * Data summarized from studies cited in Column 1; reference numbers correspond to the manuscript reference list. Values

and observations reflect a synthesis of findings across the cited studies rather than a single dataset.

aBIA: Bioelectrial impedance analysis; DXA: dual-energy x-ray absorptiometry; MRI:

magnetic resonance imaging; CT: computed tomography
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BMI vs. Body Composition

Key Body Composition Components

High-Risk Phenotypes
Overlooked by BMI

Summary and Key
Takeaway

Reliance on height and
weight-based calculations can
misclassify health risks due to
inability to measure lean and
fat mass separately.

4 Visceral Fat
4 Muscle Mass

—p INcreased cardiometabolic
risk
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often go unnoticed when
BMI is used alone.
Direct measures of body
composition via imaging
techniques outperform
BMI in risk assessments.

Image used with permission from
stock.adobe.com

BMI lacks the necessar
precision required for
proper diagnosis of
individual obesity and
malnutrition to
accurately predict risk
of chronic disease and
the impact on
phenotypes often
overlooked. Body
composition, not BMI,
Is the true driver of
chronic disease risk.
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