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ABSTRACT

Body composition refers to the various elements that make up the body. It acts as a physical health indicator for cardiovascular health, musculoskeletal
health, metabolic health, psychological health, physical fitness, age-related disorders, etc. Also, it helps diagnose, manage and treat them with suitable
therapeutic and drug interventions. Several compartment models of the body help assess body composition for greater accuracy and ease of
understanding. Assessments are done using different methods, such as body mass index, waist circumference, skinfolds, bioelectrical impedance
analysis, and emerging technologies, such as artificial intelligence. Different contexts need different approaches, as these methods vary according to
their specific applications. This comprehensive review focuses on prevalent diseases and their indicators. Also, comprehend their use in different
circumstances. It extensively reports the pros and cons of different assessment methods, analysing multiple sources. This enables future populations
and clinicians to adopt suitable, effective methods based on their requirements. Paves the way for further research and advancements in body

composition and its processes.
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INTRODUCTION

Body composition refers to the composition of the human body
with different elements. It is defined as the proportion of fat body
mass (FBM) and lean body mass (LBM) in the human body. FBM
is the body's fat amount, whereas LBM is the body mass left after
removing all fat, also called Fat-free mass (FFM)'. It is mainly
influenced by various factors such as hereditary factors,
environment, lifestyle, etc?. Gaining insight into body
composition and their assessment can help individuals monitor
their health status, nutritional concerns (including overweight,
obesity and under nutrition), fitness, and upcoming disease risk.
It also influences various health indicators such as cardiovascular
health, musculoskeletal health, metabolic health, physiological
health, physical fitness, performance and ageing-related changes.
Body composition evaluation is a routine diagnostic tool and
helps physicians for early diagnosis and treatment of chronic
diseases’.

In order to assess body composition, several models were
developed, including two-compartment model (2C), three-
compartment model (3C), four-compartment model (4C) or
multi-compartment models. This body composition assessment
can be performed using multiple techniques®. It includes
Anthropometry method like Body mass index (BMI), Waist
circumference (WC), Waist to hip ratio (WHR), Skinfolds (SKF),
Hydrostatic Weighing (HW); Advanced methods like
Bioelectrical Impedance Analysis (BIA), Air Displacement
Plethysmography (ADP), Dual-Energy X-ray Absorptiometry
(DEXA), Computed Tomography (CT), Magnetic Resonance
Imaging (MRI), Quantitative magnetic resonance; Emerging
technologies like deep machine learning (ML), Artificial

intelligence (Al), neural networks, 3-dimensional advancements
(3D advancements), 3-dimensional optical imaging (3DO),
etc, 3¢,

This work comprehensively reviews body composition and their
assessment, mainly emphasising physical health indicators. This
helps the overall view of different assessment criteria and directs
the public and physician to the best body composition assessment,
considering their pros and cons, efficiency, affordability, non-
invasiveness, and accessibility to a large population.

CONCEPTUAL STUDY

Lifestyle disorders like obesity, hypertension, and diabetes are
more prevalent in the current generation because of sedentary
lifestyles and food habits. To manage, diagnose and treat this
body composition is very much essential’. Body composition
combines essential fat, storage fat, muscle mass, bone density,
mineral content, ligaments, tendons, organs and total body water
(TBW)!. They are divided into various models to simplify
assessment methods like 2C (LBM and BFM), 3C (lean tissue
mass, bone mineral content and FBM), 4C (muscle mass, TBW,
bone mineral content and FBM) or multi-compartment models>.
FBM or body fat includes essential body fat (which is necessary
to maintain life and reproductive functions; Fat mass % of women
> Fat mass % of men) and storage body fat (fat accumulation in
adipose tissue; it also protects internal organs)'. FFM or LBM
consist of muscle mass, bone density, bone mineral content,
ligaments, tendons, organs and total body water (TBW)'.
Commonly employed to assess body composition is the 2C model
because of its simplicity and cost-effectiveness.
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SIGNIFICANCE

Body composition assessment's primary benefits are
understanding nutritional status and one's functional capacity 7.
These are important in describing growth and development from
birth and give powerful insights into the health, origin of diseases
and proper planning on nutrition, diet and therapeutics®.
Monitoring body composition helps design personalised fitness
plans, enhance athletic performance, and track progress in health.
It plays a significant role in determining various health indicators
such as cardiovascular health, musculoskeletal health, metabolic
health, psychological health, physical fitness and age-related
disorders; these are briefly discussed below.

Cardiovascular Health

Body composition affects cardiovascular health by influencing
adipose tissue, lipid profiles, and fat distribution patterns. Mainly,
cardiovascular health is affected by two types of abdominal fat,
namely subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT). SAT is the fat beneath the skin, while VAT is the
fat in the abdominal cavity, surrounding internal organs. Each has
its distinct effects on cardiovascular health. Individuals with more
VAT will be more vulnerable to cardio-metabolic risks, risk of
insulin resistance and diabetes than SAT. Studies suggest that
VAT has a positive association with systolic blood pressure
(SBP), diastolic blood pressure (DBP) & mean arterial pressure
(MAP) in Indian adolescents. SAT can protect against
atherosclerosis in asymptomatic individuals and act as a
protective metabolic reservoir. SAT, after its saturation, will be
stored as VAT. Therefore, lifestyle modification strategies in
clinical practice should focus on reducing VAT and maintaining
a healthy balance of SAT?.

Distribution patterns play a crucial role in determining the risk
and range of cardiovascular diseases. Major fat depot areas are
trunk and limb. Trunk fat mass is positively associated with SBP
and DBP and is the primary factor in hypertension; however,
adiposity in both upper and lower limbs negatively affects
hypertension. The ratio between trunk and leg fat mass is a helpful
index for predicting cardiometabolic risk °.

A lipid profile is a blood test examining various cholesterol and
triglycerides in the blood. It includes very-low-density
lipoprotein (VLDL), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides and total cholesterol. As obesity
is the major cause for cardiovascular disorders, all lipoproteins
have a significant impact on obesity majorly VLDL and remnant
cholesterol (formed by removing triglycerides from VLDL and
intermediate-density lipoproteins). Data confirmed that VLDL,
Remnant cholesterol and small LDL particles (which are more
likely to accumulate in arteries) have a positive association with
cardiovascular risk. Reducing VLDL particles and remnant
cholesterol may help lower the cardiovascular risk in individuals
with obesity, and these can be managed by perfectly using body
composition indicators'?.

Musculoskeletal Health

Musculoskeletal health includes the well-being of muscle, bone,
joints, tendons and ligaments. It is majorly dependent on body
composition. Excess VAT hurts musculoskeletal health due to
chronic inflammation. The significance of this is majorly shown
in Sarcopenia (age-related loss of muscle mass, strength, and
function. Additionally, it is a fundamental factor in the
development of disability). As muscle mass declines, fat mass
tends to increase, leading to changes in body composition. This

shift is linked to a higher risk of insulin resistance in older
adults!!.

Bone mineral density (BMD) is one of the components of
musculoskeletal health that deals with measuring the density of
minerals. BMD is significantly impacted by body fat% and BMI.
There was a negative correlation between body fat% and BMD,
but a positive correlation between BMI and BMD. FBM tends to
affect bone density negatively, whereas LBM has a positive
effect. Low BMI and body weight are known risk factors for low
BMD'2. Conditions like osteoporosis, stiff joints, type 2 diabetes,
obesity, heart diseases and various health conditions are marked
by decreased BMD!!. Prevalent in all populations, at all ages,
significantly for postmenopausal women. As stated earlier, LBM
consists of bones, organs, ligaments, and more. This reduction
may result in osteological complications (osteopenia and
osteoporosis) and disorders related to skeletal muscle
(sarcopenia, sarcopenic obesity)?. Regular exercise, particularly
resistance training and high-impact activities, helps build strong
bones (i.e. LBM) and may lower the risk of osteoporosis'3.
Adopting healthy body composition, characterised by adequate
muscle mass, low visceral fat, and balanced fat distribution, can
promote musculoskeletal health by reducing the risk of
osteoporosis, osteoarthritis, and sarcopenia. This can be achieved
by properly utilising body composition regularly.

Metabolic Health

Metabolic health means the capacity of the body to produce, store,
and efficiently utilise energy. Dysregulation of basal metabolic
rate (amount of energy produced per unit time by an animal in
rest) can result in metabolic diseases. They are caused by
abnormal metabolic processes that can be inherited or acquired'*.
Diseases include adrenoleukodystrophy, central obesity, insulin
resistance, hypertension, atherogenic dyslipidemia, etc!4!5. If
metabolic diseases are ignored for prolonged duration, they can
increase the risk of developing diabetes and cardiovascular
diseases (CVDs), associated with increased mortality rate'®.

Obesity is one of the metabolic diseases, and it is strongly linked
to insulin sensitivity, i.e., hypertrophic adipocytes and adipose
tissue stimulate the production of inflammatory cytokines that
block insulin signalling and lead to low insulin sensitivity. The
inefficient storage of fatty acids by hypertrophic adipocytes and
adipose tissue causes a rise in circulating free fatty acids, leading
to pancreatic fat accumulation, B-cell dysfunction, and low
insulin sensitivity. Low insulin sensitivity, also known as insulin
resistance, causes type 2 diabetes, and improving insulin
sensitivity can decrease the risk of complications. Insulin
resistance is crucial in developing obesity-related lipid
abnormalities, characterised by increased VLDL particle
production and decreased HDL particle levels. Lifestyle changes,
including weight loss and low-carbohydrate diets, may be an
effective way to address dyslipidemia in obese individuals'®.
Obesity is also characterised by impaired adipocyte endocrine
function!”.

Cardiovascular disease (CVD) is one of the complications of
metabolic diseases. Chronic inflammation is a significant CVD
factor that damages the organs and tissue. Studies have identified
adipocytes as a key player in the origins of low-grade chronic
vascular inflammation. Orosomucoid is a protein that functions
as an immunomodulatory response in inflammation, which is
expressed by adipocytes. However, increased orosomucoid levels
have a positive relation with cardiovascular events in middle-
aged men!”. Body composition markers help to know about the
adipocytes and other factors causing metabolic disease and are
addressed accordingly.
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Physical Fitness and Performance

Body composition evaluation is crucial for athletes, as it provides
valuable insights into their nutritional status and helps determine
the effectiveness of their diet and training programs. Changing
body mass or composition can be a key strategy for athletes to
gain an advantage in their sport and maintain the different body
mass per the specific range for various sports'®. For instance,
studies suggest that leaner body composition can benefit aerobic
sports such as long-distance running, cycling, and swimming.
Collectively emphasise that aerobic athletes must balance
achieving a lean body composition and maintaining enough
muscle mass to optimise performance, prevent injuries, and
support long-term health. Anaerobic sports require rapid,
explosive movements, muscle mass, and power, which are crucial
for success, particularly in events like sprinting and high-intensity
interval training, where every fraction of a second counts.
Anaerobic performance relies heavily on muscle mass, fibre type
(fast-twitch or Type II fibres), and muscle power (lower body
strength). High-intensity interval training (HIIT) effectively
reduces body fat, especially visceral fat, while also improving
muscle function, making it a valuable training method for athletes
looking to enhance both performance and body composition!®.

More muscle mass is advantageous; having the correct muscle
fibres and the ability to generate power rapidly is equally crucial.
Not only the quantity but also the distribution of body fat affects
endurance performance. Athletes with lower central body fat
perform better in endurance events. The relationship between
nutrition, body composition, and athletic performance is a
complex and constantly evolving field of research in sports
science. Lean body mass has a significant impact on the sports
athlete's performance. On the other hand, a fat body has no
positive effect on endurance, strength or performance'®. Through
frequent mentoring of body composition, one can achieve
physical health.

Ageing and Longevity

Ageing can be defined as the progressive accumulation of
alterations that occur over time, leading to an increased risk of
disease and mortality with advancing age?®. Evaluating health
risks in older adults requires a more sophisticated approach than
considering body fat percentage or distribution. Aged individuals
will have reduced bone and muscle mass because of increased
extracellular fluid and reduced lean body mass. On the other hand,
young individuals have increased lean body mass. Lean body
mass significantly influences the nutritional, cognitive, physical,
and nutritional, endocrine functions of aged individuals.
Disorders relating to body composition indirectly relate to the
above influencing factors?!.

Older citizens are often more prone to the disease “sarcopenia or
Skeletal muscle atrophy”. Sarcopenia has a strong link with
disability and the ageing process. Obese, in tandem with
sarcopenic, has more susceptibility in aged individuals. These
should be identified by simultaneous assessing of fat and lean
components’!. Individuals who were overweight or obese at the
age of 25 to 50 tended to have poorer physical performance and a
higher risk of mobility issues in old age, highlighting the benefits
of having a healthy body weight across the life course. The
combination of high adiposity and low physical activity puts older

adults at the highest risk for mobility limitations, and adopting a
healthy lifestyle could help, but this will have a limited impact on
obese older adults. Older women generally have poorer physical
function compared to men. Notably, strength declines despite
gains in lean mass, suggesting that the strength and composition
of muscles are more significant determinants of physical function
than muscle mass alone. Both lean and fat mass independently
impact mortality risk. The strengths of these masses are variable
as per the method used to assess, i.e., LBM measured by CT has
more risk than DEXA. FBM measured by CT has less protection
than FBM measured by DEXA?2,

Psychological Health

Psychological health deals with human life's mental, social, and
emotional domains, and it facilitates the cognisable and sensory-
motor functions. In the current scenario of lifestyle, many have
psychological disorders like Attention Deficit Hyperactivity
Disorder (ADHD), autism, anxiety, addiction, eating, bipolar
disorder and several others. Among them, stress-related and self-
esteem-motivated problems are observed in cases of unfavourable
body composition. Self-esteem is the relatively stable attitude
towards oneself and satisfaction with one's appearance®. So, due
to these comparative dimensions, there may be altered
psychologically developed stressful behaviour. This can lead to a
diminished quality of life. People who are obese and overweight
are generally subjected to discrimination, body shaming, rejection
and negative stereotypes’®. An assessment of psychological
factors revealed a strong correlation between obesity and a higher
prevalence of stress, anxiety, and depressive symptoms?. A study
suggests that regular physical activity and healthy body
composition can boost overall self-esteem, thereby reducing the
levels of stress. The reasonable way to track healthy growth is
through the optimal usage of body composition markers,
facilitating maintaining physical and mental health status.

Obesity and Weight Management

Obesity is defined as abnormal or excessive fat accumulation that
may impair health. It is a complex trait influenced by diet, age,
physical activity and genes. A chronic imbalance between energy
intake and expenditure mainly causes obesity. It leads to serious
health consequences such as cardiovascular disease, type 2
diabetes, musculoskeletal disorders like osteoarthritis, and some
cancers (endometrial, breast and colon). Accurate body
composition assessment is crucial as it can reveal potential health
risks, enable categorisation into different disorders and facilitate
proper, timely treatment to mitigate serious health issues.
Disorders can be classified based on key body composition
indicators, including the ratio of fat to lean mass, fat distribution
patterns, and muscle strength levels.

Lipoprotein, specifically VLDL, triglycerides (a key component
of VLDL particles), and remnant cholesterol concentration
showed a stronger association with fat distribution obesity-related
lipid imbalances than LDL concentration. Additionally, smaller
LDL particles and HDL particles also have a significant impact
on obesity. Reducing VLDL particles and remnant cholesterol
may help lower the remaining cardiovascular risk in individuals
with obesity. Body compositional tools help assess and modify
lifestyles to be on track with lipoprotein concentration.
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Techniques and Methodologies

Table 1: Body composition assessment uses LBM and FBM and their nutritional values. These can be assessed by various methods'

Traditional / Anthropometric methods

Advanced methods

Skinfolds (SKF)

Bioelectrical Impedance Analysis (BIA)

Hydrostatic Weighing (HW)

Air Displacement Plethysmography (ADP)

Dual-energy X-ray Absorptiometry (DEXA)

Computed Tomography (CT)

Magnetic Resonance Imaging (MRI)

Quantitative magnetic resonance - EchoMRI system

Table 2: Apart from body composition assessments, there are
obesity diagnosis tools that classify obesity based on associated
health risks without detailing body composition®

Traditional / Anthropometric methods
Body Mass Index (BMI)

Waist circumference (WC)
Waist-to-hip ratio (WHR)

Body Mass Index (BMI)

BMI is a statistical index commonly utilised as an anthropometric
measure for evaluating the health risks associated with weight. It
is a primary tool to estimate body fat and obesity irrespective of
the sex and age of an individual. '3

_ _ Weight (kg)
BMI Height 2(m 2)

Table 3: BMI Categorization as per the WHO?" %

BMI (kg/m %) Obesity class
<18.5 Underweight

18.5-<25.0 Normal weight

25.0 - <30.0 Overweight

30.0 -34.9 High Obesity 1
35.0-39.9 Very high obesity 2

>40 Extreme Obesity 3

Abbreviations: WHO - World Health Organisation;
BMI - Body mass index

Table 4: Categorisation based on the revised consensus guidelines
for India®

BMI (kg/m %)

<18.5 Underweight
18.5-22.9 Normal or Lean
23.0-24.9 Overweight
23.0 -24.9 Obese

Abbreviations: BMI - Body mass index; kg - kilogram; m - meter
Waist Circumference (WC)
WC is an indicator of abdominal adiposity. Measured at the
midpoint of the lowest rib cage and the iliac crest during end-tidal

expiration using non-stretchable tape. 3

Table 5: General WC for different gender

Gender | Increased risk (cm) | High risk (cm)
Females >80 >88
Males >94 >102

Abbreviations: WC - Waist Circumference; cm - centimetres

Table 6: WC Cut-off points for adult Asian Indians®

Waist circumference (cm)

Gender | Action level 1 (Risk of | Action level 2 (Risk of
metabolic complications | metabolic complications
increased) substantially increased)

Females >72 >80

Males >78 >90

Abbreviations: WC - Waist Circumference; cm - centimetres
Waist to Hip Ratio (WHR)

WHR also assesses abdominal adiposity, an alternate measure of
lower and upper body fat distribution. WHR is calculated by
dividing the waist circumference by the hip circumference
(Measured at the level of the largest lateral extension of the hips
in a horizontal plane). 353!

Table 7: Cut-off points of WHR®

WHR

Gender Critical limit value | Critical threshold value
Females | >0.85 m >0.88 m

Males >0.90 m >1.02m

Abbreviations: WHR - Waist to Hip Ratio; m - meters

Increased values indicate susceptibility to various obesity-related
health problems and chronic cardiovascular and metabolic
diseases and can cause early mortality'.

Skinfolds (SKF)

SKF technique'? is one of the methods to estimate body fat %;
this can be achieved by assessing skinfold thickness at different
sites(include three -triceps, chest, and subscapular skinfolds; or
chest, abdomen, and thigh skinfolds; three sites for women may
include triceps, abdomen, and suprailiac skinfolds; four - biceps,
triceps, subscapular, suprascapular skinfolds; seven - chest,
midaxillary, triceps, subscapular, abdomen, suprailiac, and thigh
skinfolds sites) using callipers. There are multiple equations to
estimate body fat%, and skin-fold sites, and several sites differ as
per the equation; some are sex-specific, and some also include
circumference measurements. This procedure is done by pulling
the fold of skin and subcutaneous fat away from the muscle and
calibrating using skinfold callipers; commonly used callipers are
Holtain, Lange and Harpenden?. To calculate body fat%, FM, and
FFM, the sum of SKF measurements is substituted into the
corresponding equation.

4.95

Body fat% = [E —4.50] x 100 (or)
4.570
Body fat% = [—.——4.142] x 100

Db — Body density: Durnin and Womersley's equations find the
body density by substituting the sum of SKF measurements. They
can also use websites using formula-based calculators>*-4!.
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Table 8: Fat level intervals based on gender, age group and fat%*"*

Fat level Females (Body fat %) Males (Body fat %)

20-30y | 30-40y | 40-50y | >50y 20-30y | 30-40y | 40-50y | > 50y
Very low <17% <18% <20% <21% <9% <11% <12% <13%
Low 17-20% | 18-21% | 20-23% | 21-24% | 9-12% 11-13% | 12-15% | 13-16%
Average 21-23% | 22-24% | 24-27% | 24-37% | 13-16% | 14-17% | 16-20% | 17-21%
Very high | 24-27% | 25-29% | 28-31% | 32-35% | 17-19% | 18-22% | 21-25% | 22-27%
Over-fat > 28% >30% >32% >36% >20% >23% > 26% > 28%

Abbreviations: y - years (age); < - lesser than; > - greater than; % - percentage

Hydrostatic Weighing (HW) or Hydro Densitometry
[Underwater Weighing (UWW)]

HW quantifies body density (Db) and was considered the “gold
standard” for evaluating FM and FFM for decades. HW is based
on Archimedes’ principle (which states when a body is immersed
in water, it is buoyed by a counterforce equal to the weight of the
displaced water). The weight of a person or an object in water is
primarily less than its weight on land. HW involves measuring
the volume of water displaced by the body when fully submerged,
which, combined with residual lung volume measurements
(amount of air remaining in the lungs after a maximal expiration),
enables accurate determination of body volume (BV) and
subsequent estimation of Db. A higher percentage of FFM
persons will weigh more in water and consequently will have a
low body fat%, because bone and muscle are denser than water,
while fat is less dense than water. In water, the more the FM, the
lighter the body will be; subsequently, it will have high body
fat%. Body density can be calculated as mass + volume, and body
fat% can be calculated using body composition equations'.

Bioelectrical Impedance Analysis (BIA)

The BIA technique is used to estimate body composition by using
the electrically conductive properties of the body and involves
measuring the impedance to the flow of a low-electrical current
(800 pA) at a fixed frequency (50 kHz). The operating principle
of BIA is that electrical current flows readily through lean tissue
because it consists of water and electrolytes (water and
electrolytes are good conductors of electrical current). The flow
of electrical current is impeded by resistance in fat tissues (fat
does not have water)®. BIA encompasses a low-level electrical
current that passes through an individual’s body while resistance
to the flow of the current is measured. Accordingly, individuals
having lower resistance and greater reactance indicate a high
proportion of FFM (i.e., low %Fat). As BIA is extremely sensitive
to total body water, individuals should be assessed consistently in
similar hydration states to reduce errors (e.g., fasting upon
waking in the morning). BIA devices quantify impedance, based
on this an estimation is made on FFM, FM, and Fat%. There are
variants of BIA devices, including using single-frequency
electrical and multi-frequency currents for more accuracy,
segmental assessments of FM and FFM in each limb and the trunk
and estimates of bone mineral content!.

Air Displacement Plethysmography (ADP/BOD POD)

ADP and UWW operate on the same fundamental principle to
measure the Db, total body fat and Lean tissues. ADP utilises the
pressure-volume relationship to calculate an individual's body
volume while seated within the chamber. BV is assessed as the
air volume in an empty chamber minus the volume after the
person sits in it. By varying the chamber's volume, the resulting
change in air pressure allows for the precise calculation of the
individual's volume based on the principle of air displacement.
The measurement time is about 5-8 min/individual. Calculating
Db using ADP has a strong resemblance with UWW. ADP

method for the Indian population (more adipose for a given BMI)
can accurately estimate body fat’. ADP uses densitometry to
estimate body composition. It contains a chamber volume of 450
or 500L, and computerised sensors are used to assess BV; this is
achieved by air displacement with the individual positioned
within the chamber. Thoracic gas volume (i.e., the air volume in
the lungs and thorax) can be quantified as an additional measure.
Upon completing all requisite measurements, the BOD POD
software computes approximately eight body composition
parameters'.

Computed Tomography (CT)

CT (uses ionising radiation) is an imaging technique that provides
cross-sectional images of specific body regions. CT scanning
gives High-resolution, three-dimensional volumetric imaging of
bodily structures utilising X-ray projections from different angles
of the body. Adipose tissue depots in the skeletal muscle tissue
organs can be accurately determined using CT. However, body
composition measurement using CT is commonly measured using
a two-dimensional analysis of specific body parts, which can
estimate regional body composition and is considered the most
precise means of quantifying body composition at the tissue—
organ level. The CT system includes an X-ray tube and receiver;
both rotate perpendicular to the patient. Cross-sectional images of
the target area are illustrated in grayscale. The attenuation of rays
reflects the composition of the tissue and varies as per the density
of the tissues!.

Magnetic Resonance Imaging (MRI)

The principle of MRI (uses radio frequency signals and magnetic
resonance frequencies) is similar to the CT'. The body’s soft
tissue images can be produced by MRI, which utilises the
different magnetic properties of the nuclei of elements in the cell,
usually hydrogen in water and fat. This method uses magnetic
resonance frequencies of protons in fat and water to separate the
signals into water and fat images. Since the MRI does not use
ionising radiation, it can be used for three-dimensional volumetric
imaging even in neonates and infants’. CT and MRI enable the
segmentation of specific tissues, yielding direct measurements of
cross-sectional tissue area, and provide valid and in-depth body
composition information'.

Dual-energy X-ray Absorptiometry (DEXA)

Using two X-ray energies, the DEXA method measures body fat,
muscle and total body bone mineral (TBBM). It is one of the most
accurate techniques for quantifying body composition. The
principle of DEXA is that attenuation of X-rays with high and low
photon energies depends on underlying tissue properties. Precise
estimates of bone mineral content and soft-tissue composition can
be obtained by measuring the attenuation or weakening of X-ray
beams. Using two different energy levels, images can be split into
bone and soft tissue components. The procedure for DEXA
measurement is for an individual to lie supine on the scanning
bed, and an X-ray passes in a posterior-to-anterior direction’. The
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attenuation of an X-ray beam mainly depends on the underlying
tissue's thickness, density, and chemical composition. FFM mass
can be quantified through DEXA, FM, bone mineral content, and
non-bone. It is also used to estimate total body composition and
regional body fat'.

EMERGING TECHNOLOGIES
Artificial

Advances in deep machine learning (ML),
intelligence (AI) and neural networks

Advances in deep machine learning (ML), Artificial intelligence
(Al) and neural networks have enabled automated body
composition analysis. These have recently garnered increased
attention in the scientific community and mainstream media. Al
involves creating systems that think like humans, and ML is a
method that achieves this by enabling systems to learn and adapt
through data analysis. ML is a technique used to achieve Al For
instance, workflow involves Al-powered analysis of abdominal
CTs, automatically measuring muscle mass, SAT, and VAT, and
incorporating the data into clinical reports. This workflow is
valuable because existing scans provide accurate body
composition data without additional costs, enhancing patient care.

This readily available data will facilitate clinicians and
researchers for the rapid development of more precise predictive
models and treatment algorithms. In short, technological
breakthroughs in Al and ML have increased the availability of
body composition data, supporting better patient care and
research.

Advancement in 3D and 3-dimensional optical (3DO) imaging

Digital anthropometry has made advancements in using
smartphone cameras to create 3D models; research confirms the
reliability of body composition and anthropometric parameters
obtained through this approach. The smartphone app required
users to stand in an A-pose, rotate slowly, and capture multiple
images with the phone's camera from about 1.7 meters away.
Humanoid avatars were built from large datasets of images taken
during a 360-degree rotation of each subject®*. Recent studies
show that 3D imaging accurately tracks body composition
changes. This method involves participants wearing form-fitting
attire and undergoing a 45-second scan using a 3D scanner where
the platform rotated to capture their body shape, resulting in a
detailed 3D mesh' 33,

Table 9: Pros and Cons of each Body composition method' **

Methods | Pros Cons
BMI Easy measurement, low cost, minimal participant | The inability to distinguish between body fat and lean body mass (leads to
burden, and standardised health risk classification. incorrect classifications within athletes and some older adults) is due to the
Categorising weight status and monitoring changes over | difference in their FBM and LBM.
time. It is affected by factors like sex, ethnicity, and individual differences.
Doesn't accurately reflect body fat distribution or metabolic risk.
Difficulty in distinguishing between “metabolically healthy" obese and
"metabolically overfat" lean individuals
WwC It can predict health risks even in individuals with normal | Itis affected by the position of measurement, particularly in severely obese
BMIL individuals or those with loose abdominal skin due to prior weight loss.
WHR Significant in determining the distribution of fat. Don't quantify LBM and FBM.
Also, when body fat increases, the waist-to-hip ratio (WHR) becomes less
accurate in measuring visceral fat.
SKF Inexpensive method to estimate Body fat % Errors can occur due to variability in technique, skill and experience of the
person taking the measurements.
Individual differences in fat distribution can affect accuracy.
It may not precisely reflect total body fat, particularly in cases of high
visceral fat and may not be suitable for individuals with obesity or loose
skin.
HW Estimate body density (Db), body volume (BV) and body | Hindered by its tedious process.
fat% Need specialised equipment and trained personnel.
The population finds it to be highly uncomfortable.
BIA It offers a quick, easy, and cost-effective way to estimate | It shows inaccuracies in body fat, predominantly in South Indian adults.
fat-free mass and total body water in various populations. | Thus, measurements of BIA machines should be used with caution.
Multi-frequency devices provide more accurate readings than single-
frequency readings because of their penetrating property.
Mainly dependent on regression/equation. However, these equations often
lack specificity for diverse populations, potentially limiting their accuracy.
ADP Easy to use and accurate High cost that restricts access to only a few facilities.
May overestimate body fat in lean individuals.
Testing conditions, clothing, and excess hair can impact results.
CT Can differentiate FBM and LBM Radiation exposure - spine or pelvis expose patients to a higher dose of 6
mSv, limiting the frequency of exposure to CT scans.
It requires expensive scanners, trained technicians, and specialised
expertise for accurate analysis.
MRI It is useful in infants and neonates because it does not use | Limited to 1D or 2D slices. Single-slice MRI has limited accuracy in
ionising radiation. tracking visceral and subcutaneous fat changes during weight loss.
It is challenging for patients due to prolonged confinement (e.g., 20—120
minutes) in a small space with loud noises, requiring them to remain still.
It requires expensive scanners, trained technicians, and specialised
expertise for accurate analysis.
DEXA Accurate in estimating total body fat and differentiating | It assumes that fat distribution is uniform over bone and soft tissue, but
between FBM and LBM. actual fat patterns can differ, potentially affecting accuracy.
It is quick, needs little technical skill, and is commonly | Can't measure total body water, assuming constant hydration levels, which
used for body composition analysis in various clinical | may lead to errors as excess water is misattributed to lean tissue.
settings. Exposure to radiation
Exposure to very low radiation (0.001 mSv).
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3DO - Accessible, self-operated and affordable. Highly
sensitive to body composition, detects small changes
during interventions, and is safe. This enables users to
self-monitor on a frequent basis®.

Al, ML, | Increased accuracy, rapid results, and complex data | Dependence on high-quality input data, generalised to diverse populations,

neural analysis, offering personalised insights. lack of transparency in complex models, potential biases inherited from

networks | Non-invasive. training data, and the need for rigorous validation and testing to ensure
accuracy.

3D, 3DO | 3D - More convenient, quick measurements are available | Dependence on high-quality input data, generalised to diverse populations,

imaging in various applications using smartphones®. lack of transparency in complex models, potential biases inherited from

training data, and the need for rigorous validation and testing to ensure
accuracy.

Abbreviations: BMI - Body mass index; WC - Waist circumference; WHR - Waist to hip ratio; SKF - Skinfolds; HW - Hydrostatic Weighing;
BIA - Bioelectrical Impedance Analysis; ADP - Air Displacement Plethysmography; DEXA - Dual-Energy X-ray Absorptiometry;
CT - Computed Tomography; MRI - Magnetic Resonance Imaging; ML - deep machine learning; Al - Artificial intelligence;
3D - 3-dimensional; 3DO - 3-dimensional optical imaging; FBM - Fat Body Mass; LBM - Lean Body Mass; BV - Body Volume; Db - Body Density;
D - dimension; % - percentage; mSv - millisievert

CRITICAL APPRAISAL OF METHODS

Critical appraisal of methods in body composition assessment
involves systematically evaluating the strengths, limitations,
validity, reliability, and applicability of various measurement
techniques. We should consider population-specific factors such
as age-related changes in fat distribution and muscle mass, sex
differences in body fat percentage and distribution, and ethnicity-
based variations in body shape and fat distribution.

Additionally, body composition assessment methods vary in
accessibility and feasibility for different settings. Some methods,
like BIA and SKF, are relatively affordable and portable, making
them suitable for fieldwork, clinics, or community settings. In
contrast, advanced techniques like DEXA, CT, MRI and 3D
imaging require specialised equipment and expertise, making
them more feasible for research institutions, hospitals, and well-
equipped clinical facilities. Considering these factors is essential
for selecting the most appropriate method for a particular setting
or population.

BROADER APPLICATIONS IN PHYSICAL HEALTH

Preventive Health: Body composition measurements, as a
preliminary component of the healthcare system, play a vital role
in the early detection and management of various diseases. Non-
communicable and lifestyle disorders like cardiovascular,
musculoskeletal, metabolic and mental ailments deprive one's
health status. As an early detector of morbid conditions, these
calculators can help prevent and manage health risks.

Rehabilitation: Body composition measurement is crucial in
post-injury recovery and rehabilitation. It enables healthcare
professionals to monitor changes in muscle and fat mass, tailor
rehabilitation plans, optimize treatment strategies, assess
nutritional needs, promote optimal recovery and functional
outcomes. It is efficiently used in cases of spinal cord injury,
stroke or burns. This helps healthcare providers deliver
personalized care and intervention along with enhanced
recovery>6-38,

Public Health: The prominent concern of public health is to
provide an affordable and acceptable therapeutic effect to the
concerned. Where overnutrition and undernutrition are affecting
the major population. Body composition assessment enhances the
diagnosis of obesity, undernutrition and malnutrition through the
monitoring of responses to the treatment programs, which is
highly relevant to its management!.

Athletics and Fitness: Many sports performed by athletes are
based on their body composition and the gravitational component.
Moreover, many sports are weight-classified; therefore, athletes
must stay within a specific body mass range. Consequently,

athletes carefully adjust their training and nutritional habits
depending on the demands of their sport. In this context,
monitoring body composition has become crucial, and assessing
it appropriately allows for an accurate evaluation.

CONCLUSION

Body composition is the combination of LBM and FBM; these
are assessed by using different compartment models. This is
assessed using various techniques (BMI, WC, WHR, SKF, BIA,
HW, DEXA, CT, etc.). Body composition analysis helps
determine key health metrics, including body fat, muscle mass,
and bone density. It influences various health indicators such as
cardiovascular health, musculoskeletal health, metabolic health,
physiological health, physical fitness, performance and ageing-
related changes. The body composition assessment method has
strengths and limitations (based on accuracy, accessibility,
feasibility, cost, etc.). BMI is cost-effective but fails to distinguish
between FBM and LBM; fat distribution is also unknown. WC
and WHR assess fat distribution, while SKF and HW weighing is
cost-effective for differentiating between fat and lean mass,
requiring skill and proper equipment, whereas ADP is costlier
with similar requirements. Advanced methods like DEXA, MRI
and CT provide precise assessments but are expensive,
inaccessible to many, and carry potential radiation risks. BIA can
be a cost-effective alternative to DEXA and ADP for assessing
large populations' whole-body and segmental-body composition.
Emerging technologies (ML, Al, advancement in 3D, 3DO) are
more reliable for assessment and are more convenient. 3DO
showed strong correlations with DEXA in measuring body
composition changes, detecting similar significant shifts, and
proving to be a valuable alternative to DEXA for tracking
changes.

SKF, BIA, DEXA, and Emerging technologies (ML, Al,
advancement in 3D, 3DO) can be the best tools for assessment,
considering their pros and cons in every aspect. SKF, BIA
because of its cost-effectiveness, accessibility to every individual
and ability to differentiate FBM and FFM. DEXA for its precise
measurements, but it is expensive. Emerging technologies reach
every individual and help in the management of chronic diseases.
This conclusion is drawn by considering economic constraints as
a universal barrier. Meanwhile, BMI should be used cautiously,
as relying solely on it can lead to inaccurate diagnoses and
treatments, even in clinical settings.

Upcoming research on body composition measurements should
focus on improving the accuracy and reliability of existing
methods, developing and validating new technologies like 3D
imaging and Al-driven analyses, standardising measurement
protocols, and investigating applications in diverse populations.
This would enhance our understanding of body composition's
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relationship to health outcomes, ultimately leading to better
assessments and interventions.

FUTURE DIRECTIONS

Integrating body composition metrics into routine healthcare
could enhance body composition analysis, allowing healthcare
providers to tailor treatment plans to individual needs. It can help
in early diagnosis of abnormal body composition and can prevent
or manage conditions like obesity, osteoporosis, and sarcopenia.
Regular assessments can help track changes in response to
treatment, enabling adjustments to care plans. Reduce the risk of
complications and improve patient outcomes.

Advancements in body composition assessment technologies can
enhance healthcare by increasing the accessibility of body
composition analysis, especially in resource-limited settings and
focusing on patient-centric care with non-invasive procedures.
Enhancement in monitoring by frequent measurements using
portable devices. Cost-effective technologies can make body
composition affordable and more feasible for routine care.

Al and machine learning revolutionise health monitoring and
tracking by processing data from multiple inputs (e.g., sensors,
scans), predicting health risks associated with body composition
changes and providing personalised recommendations for
improvement. Also, track the fitness goals and receive advice for
optimal body composition.

Interdisciplinary approaches combining nutrition, exercise
science, and technology can enhance body composition
management with personalised exercise routines and customised
dietary approaches. Utilising wearable technology and mobile
apps for tracking. Providing holistic support for sustainable
lifestyle changes. This integrated approach can lead to more
effective weight management, enhance overall health and
wellness
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