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Abstract

Background Individuals with class II/1ll obesity have a high percentage of body fat. Assessing body composition
in cases of severe obesity can be difficult and controversial both in clinical practice and scientific research. Thus, it
is essential to explore the different aspects of evaluating body composition and to discuss the available methods
to assess it in this population.

Aims To summarise and discuss the methods used to measure body composition in adults with class II/1ll obesity
and their potential in clinical practice and scientific research.

Methods This is a narrative review using data from PubMed, Scielo, and Lilacs databases. Original articles on body
composition analysis in adults with class II/1ll obesity i.e., a BMI>35 kg/m? were eligible. Body composition assessment
methods were analysed and described.

Results Some imaging methods produced significantly accurate results. Dual-energy X-ray absorptiometry (DXA) sig-
nificantly produces accurate results and has been used in clinical studies. However, due to its high cost, it is not appli-
cable in clinical practice. Multifrequency bioelectrical impedance analysis (BIA) has good accuracy and is more
appropriate for clinical practice than other methods. We have highlighted several aspects of the importance

and applicability of performing body composition analysis in individuals with class II/lll obesity.

Conclusion DXA has been considered the most adequate method for clinical research. Multifrequency BIA may

be a viable alternative to DXA for use in clinical practice. Assessing body composition and its components is impor-
tant for people with class II/1ll obesity. It can help improve the effectiveness of interventions and clinical treatments,
especially in reducing the risk of losing muscle mass. Muscle loss can cause sarcopenic obesity and other clinical
complications, so understanding body composition is crucial. Assessing body composition can also help understand
the impact of interventions on bones and avoid clinical complications.
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Introduction

Obesity is a global public health problem. Its incidence
has been increasing at higher levels, particularly classes
II and III i.e., body mass index [BMI] > 35 kg/m?, which
is also called severe obesity [1]. Approximately 126 mil-
lion (5.0%) women and 58 million (2.3%) men have class
II/1II obesity [1]. The exponential growth of this class of
obesity in recent years is alarming due to the directly pro-
portional increase in the risk of morbimortality [2, 3].

Methods for assessing body composition in overweight
and class I obesity individuals are available. However,
these methods become more challenging to use accu-
rately in individuals with class II and III obesity, due to
excess adipose tissue, which makes it difficult to measure
lean mass. As a result, many experts avoid using these
methods in clinical practice and research. Nevertheless,
given that individuals with class II/III obesity face more
severe health risks and the prevalence of this condition
has increased significantly in recent years, it is important
to consider ways to evaluate body composition in these
individuals.

Individuals with class II/III obesity experience signifi-
cant changes in their body composition. These changes
include an excess of extracellular water and fat mass [4],
which are often linked to various medical conditions
such as hypertension, diabetes, cardiovascular diseases,
dyslipidaemia, sleep apnoea, musculoskeletal diseases,
and certain types of cancer [5-8] Given the increased
risk of death and other comorbidities associated with
class II/III obesity, it is important to evaluate the details
of the health status of these individuals and perform rou-
tine outpatient follow-ups, including body composition
and biochemical tests, to assess weight change, BMI, and
other cardiovascular risk variables [9].

Body composition analysis is based on water and elec-
trolyte concentrations, body tissue density, biological
interrelationships, and distribution of components and
tissues [9]. In individuals with a BMI greater than 35 kg/
m2, there is excess adipose tissue, which poses challenges
for certain body composition methods [10]

Considering the above context, the following questions
remain relevant: Should health professionals assess the
body composition of individuals with class II/III obesity?
What is the most viable method in clinical settings? What
is the most effective method to be used by researchers?
These questions remain controversial and this review will
discuss all the aspects involved. Thus, the aims of this
study were: i) to discuss and synthesise the evidence of
the methods used to measure body composition in adults
with class II/III obesity (bioimpedance, DXA, plethys-
mography, hydrostatic weighing, magnetic resonance
imaging, computed tomography, and ultrasonography),
their limitations and advantages; ii) and the potential use
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these methods in clinical practice and scientific research.
Ultimately, we aimed to clarify the importance of assess-
ing body composition in individuals with class II/III obe-
sity and provide answers to relevant questions.

Materials and methods

This is a narrative review based on international scien-
tific evidence published through scientific articles that
described the methods for assessing the body composi-
tion of adults with class II/III obesity. Studies report-
ing BMI>35 kg/m? i.e., class II/IIl obesity [11] were
included. BMI and waist circumference (WC) were only
used when diagnosing obesity.

The search for articles was performed using the
National Library of Medicine, United States (PubMed),
Scientific Electronic Library Online, and Latin Ameri-
can & Caribbean Health Sciences Literature databases.
The descriptors or keywords used were as follows: Air
Displacement Plethysmography, Anthropometry, Bio-
electrical Impedance Analysis, Body Composition, Body
Mass Index, Dual Energy X-Ray Absorptiometry, Mag-
netic Resonance Imaging, Obesity, Severe Obesity and
Tomography. The authors critically evaluated the eli-
gibility of all articles. The methods were analysed and
applied according to the characteristics, limitations, and
advantages of individuals with class II/III obesity. There
were no restrictions on languages or years of publication.
Titles and abstracts were analysed to determine whether
the study would be included in our review, and the full
reading of the article was performed later. The reference
lists of the articles used in the search were also analysed
to identify studies that were potentially missed during the
search.

Result and discussion

Body composition assessment methods

Some methods for assessing body composition in indi-
viduals with class II/III obesity and their applicability will
be discussed below.

The skin fold method was not included due to solid sci-
entific evidence advising against its use in this population
[12, 13]. Despite a consensus in the literature that hydro-
static weighing is the gold standard method, this tech-
nique is not viable in clinical practice.

Bioimpedance

Body composition analysis by electrical bioimpedance
analysis (BIA) is based on different levels of electrical
conduction in tissues exposed to frequency currents [14]
and is considered a complementary method to anthro-
pometry [15]. BIA assessment of the body composition
of normally hydrated individuals with obesity may repre-
sent valid support to better characterize the nutritional
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status of this population [16]. This technique has a rela-
tively lower cost compared to other imaging techniques,
such as dual-energy X-ray absorptiometry (DXA), ple-
thysmography, magnetic resonance imaging, or com-
puted tomography. There is a good correlation between
the Multifrequency Bioelectrical Impedance Analysis
BIA and DXA in individuals with obesity [17]. Although
BIA is a non-invasive technique [14], with ease of use and
portability, its accuracy can be affected by variables such
as food, water, alcoholic beverage intake, physical activ-
ity, menstrual cycle, and equipment used [18].

Bipolar and tetrapolar techniques are currently avail-
able, the latter is more advantageous considering the
former’s resistance and reactance data. Furthermore, the
bipolar technique tends to provide reading errors [19]
and performs only segmental analysis (trunk, lower, or
upper limbs), whereas the tetrapolar technique performs
a whole-body analysis.

The bioimpedance device provides measurements in
the form of body fat, fat-free mass, and water distribution
[20]. The passage of low-amplitude currents in the body
does not determine body composition directly, the lat-
ter is established by the resistance and reactance values
that subsequently detect extracellular water, intracellular
water, and phase angle [21]. Fat-free mass is estimated by
equations specific to sex and age, whereas fat mass is esti-
mated by subtracting body weight from the value found
for the former [22].

The ohmmeter is the equipment used to obtain infor-
mation about resistance and reactance and may emit cur-
rents in two ways: single frequency or multifrequency
[14]. In single-frequency ohmmeters, impedance may
estimate fat-free mass but does not determine or differ-
entiate extra and intracellular fractions of water [23]. This
would be a limitation for the use of this technique in indi-
viduals with class II/III obesity due to the changes in the
amount of intra- and extracellular water. However, sin-
gle-frequency bioimpedance, commonly used in clinical
practice may not be as accurate in individuals with class
II and III obesity [10]. Still, the multifrequency mod-
els may estimate intra- and extracellular water fractions
because of applying different frequencies [24].

A total of 15 studies that used bioimpedance to assess
the body composition of adults with class II/III obesity
were found [17, 20, 25-37]. Some of them regard mul-
tifrequency BIA as a valid technique for the analysis of
individuals with BMI>34 kg/m? [17, 20, 29, 37]. Mul-
tifrequency BIA is an alternative method to DXA for
assessing body composition in individuals with class II/
III obesity, demonstrating an almost perfect correlation
(intraclass correlation coefficient=0.832) in the evalu-
ation of fat (kg) and fat-free mass (kg) [20]. BIA may
overestimate the results of the appendicular lean mass
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assessment, however, the use of specific equations for
individuals with BMI > 35 kg/m? reduces the bias [17, 37].
Compared to plethysmography, which is the second-best
method for assessing individuals with class II/III obesity,
the standard equation for multifrequency BIA overesti-
mated body fat in women by 1.3 kg and0 men at 5.6 kg
(p<0.05) [29]. However, after the development of a new
predictive equation for BIA, the body fat of these indi-
viduals was predicted with greater accuracy, precision,
and agreement. This finding highlights the importance
of taking into consideration the formula used in the BIA
measurement to reduce errors when estimating body
composition [17, 29, 37].

Furthermore, for greater precision in measurements,
adhering to a standardised protocol for carrying out the
BIA is essential. The measures taken to increase the accu-
racy of the examination are described in two phases: the
preparatory measures and those taken at the time of the
measurement [38]. The BIA standardisation protocol is
described Table 1.

Dual-energy X-ray absorptiometry

DXA is a reference method for the assessment of obese
individuals [39] that may evaluate body composi-
tion through low radiation emission [9], estimating fat
mass, fat-free mass, and bone mineral density [40]. This
method is considered fast and easy since it takes approx-
imately 10 to 20 min, and requires minimal patient
cooperation [17, 41].

Compared to hydrostatic weighing, DXA is less influ-
enced by the quantity of body water [42] and is more
accessible compared to computed tomography and mag-
netic resonance imaging [43]. In addition, this technique
presents high accuracy in assessing visceral adipose tis-
sue (VAT) to track individual changes [44], sensitivity,
and quantified assessment in body regions [45, 46]. For
the comparison of VAT between individuals in cross-
sectional and longitudinal scientific investigations, DXA
did not present validity. A recent study compared the
results of magnetic resonance imaging and DXA demon-
strated that DXA underestimates the amount of VAT and
pointed out the resonance as a better tool [47]. However,
is not always clinically applicable, considering its high
cost [48].

Regarding its limitations, DXA estimates less precise
measurements for soft tissues located in the trunk com-
pared to the limbs [49]. Another limitation is that some
equipment has restrictions on body weight, width, thick-
ness, and length [9], which can result in errors in estimat-
ing body composition in individuals with obesity. In cases
where the individual’s dimensions are greater than the
edges of the device, it may be positioned such that only
one side of the body is included in the evaluation using
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Table 1 Protocol for standardizing electrical bioimpedance measurement

Conduct measurements consistently at the same time of day

Avoid
Consuming substantial meals within 2-4 h before
Coffee intake up to 8 h before
Alcohol consumption within the 48 h preceding
Fluid intake to> 1% of body mass 2 h before
Restrict
Engaging in vigorous physical activity (> 12 h)
Use of diuretic medications seven days in advance
At the time of the exam
Empty the bladder immediately before (within 30 min)
Remove metallic jewellery before

Adhere to a standardized resting period (typically 5-10 min) in the supine position before, aimed at stabilizing blood pressure

Maintain consistent limb positioning away from the body (arm-trunk angles: 10°+5° leg-trunk angles: 15°+5°)

Prepare the skin surface by depilation and cleansing with an alcohol solution. Ensure the absence of skin lesions at electrode sites

Utilize electrodes compliant with manufacturer specifications. Store electrodes properly, employing thermal insulation to preserve gel integrity

Position electrodes according to manufacturer guidelines or literature instructions. Ensure a minimum separation of 5 cm between the current

source and voltage-sensing electrodes

Maintain thermoneutral environmental conditions (consistent ambient temperature and humidity)

Equipment performance
Perform calibration verification of technical instrumentation

Isolate metallic objects and other electronic devices, maintaining a minimum distance of 50 cm

Measure height or body segment length with precision to the nearest 0.5 cm

Measure weight with precision to the nearest 0.1 kg

Employ exclusively validated prediction models (equations) for the utilized equipment or ensure adequate calibration of the instrument

Table adapted from Sthan et. al. (2012) [38]

the Hemiscan technique [50]. It must also be considered
that DXA has a lower resolution compared to computed
tomography and magnetic resonance imaging since it
presents two-dimensional images and a higher coefficient
of variation [43].

Five studies evaluated the body composition of indi-
viduals with class II/III obesity using DXA [17, 33,
34, 51, 52]. Although used in several studies as a refer-
ence method [31, 32], the problems encountered in
the application of this method are more prevalent as
BMI increases for extreme classifications of obesity
(BMI > 40 kg/m?) [46]. The ability to support these indi-
viduals varies according to the model of the densitometry
equipment [41], which should be taken into considera-
tion when evaluating individuals with class II/III obesity.

Plethysmography

This method uses air displacement to estimate body vol-
ume [53] and like hydrostatic weighing estimates body
density which is subsequently transformed into body fat
percentage. However, in comparison with hydrostatic
weighing, plethysmography has more advantages, as

individuals are assessed by air displacement and not by
water immersion [9].

Although plethysmography assesses individuals with (a
maximum weight of 250 kg) and is considered a relatively
fast method, its costs are high [54]. It is rarely used on
individuals with a high BMI as they are uncomfortable
and reluctant to undergo this procedure [9]. In addition,
there may be errors in the estimates of body composition
parameters when evaluating individuals with class II/III
obesity.

The use of plethysmography to assess the body compo-
sition of individuals with class II/III obesity was identi-
fied in four studies [34, 52, 55, 56]. Two of them suggest
that plethysmography may be an appropriate method
to assess the body composition of individuals with obe-
sity [55, 56]. However, according to Hames et al. [52],
in individuals with class II/III obesity (BMI between
41.1 and 51.5 kg/m?) the fat-free mass assessed by ple-
thysmography, is significantly lower than that estimated
by DXA (p=0.022), whereas for individuals with BMI
between 30.3 and 39.2 kg/m? there are no significant
differences (p=0.836) [52]. In the same study, as BMI
increases, body fat percentage values are overestimated



Silveira et al. BMC Nutrition (2024) 10:142

by plethysmography [52]. Based on Bedogni et al. [34] the
above methods present divergent results in the analysis
of the body composition in morbidly obese women.

Hydrostatic weighing
This is a validated method used to estimate the percent-
age of body fat through water displaced by the volume
of the body assessed, therefore estimating total body
volume [57]. Despite its high accuracy [58], this method
depends on the body assessed and presents difficulties
when evaluating individuals with obesity since there are
problems in immersing such individuals in water [9].
Four studies have evaluated this method for body com-
position analysis of individuals with class II/III obesity
[10, 35, 59, 60]. In a study conducted on this population,
participants observed discomfort and required special-
ized equipment and highly trained evaluators. Moreover,
physical limitations because of the individual’s body size
were observed [10] and the accuracy of the method may
be affected by variables, such as time of day, menstrual
cycle, medications, and physical activity [58, 59]. Further-
more, this method is expensive [57], time-consuming,
and requires adaptation to liquid medium, precise equip-
ment, ample installation space, and induces apprehension
in individuals with class II/III obesity during the exami-
nation [10]. Due to its limitations, it is not practical to
use the traditional hydrostatic weighing method in clini-
cal settings or scientific research. However, studies have
found that a modified version of this method, without
submerging the head, can be a suitable alternative. This
modified method is accurate, acceptable, and convenient
for assessing body composition. [35].

Magnetic resonance imaging

Magnetic resonance imaging is a technique that identifies
tissue volumes through “image slices” [49] to determine
inter-/intramuscular adipose tissue.

The main advantage of this technique is the ability to
estimate parameters regionally, and it is considered an
accurate method for estimating intra-abdominal adipose
tissue [49]. It is used to identify both visceral and subcu-
taneous fatty tissues [21], in addition to fatty and skele-
tal muscle tissues [61], and is considered more accurate
compared to cadaver dissection [62]. However, it is an
excessively expensive and difficult-to-access method [15,
63] and cannot be performed in individuals with large
body sizes [9].

Three studies have evaluated the usefulness of mag-
netic resonance imaging in the body composition analysis
of adults with class II/III obesity [31, 37, 64] The results
from these studies suggest that magnetic resonance
imaging may be a good imaging method for visceral fat
analysis in post-bariatric individuals [32, 37]
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Computed tomography

Computed tomography provides two-dimensional cross-
sectional images of the body [65] and can be performed
in individuals with large body sizes [9]. Similar to mag-
netic resonance imaging, it has a high cost [14] and is a
difficult-to-access method [63].

This technique is particularly useful when detecting
fat infiltrates in liver tissue or skeletal muscle [66], which
would be specifically important for detecting sarcopenia
with intramuscular fat. Computed tomography is consid-
ered more accurate compared to cadaver dissection [62]
and can be used to identify both visceral adipose tissue
(VAT) and subcutaneous adipose tissue (SAT) [21]. How-
ever, due to its high radiation levels [11], its applicabil-
ity and use are limited [67], although it has been used to
measure intra-abdominal fat [9].

Ultrasonography

This method converts electric energy into sound waves,
passing through tissues and quantifying the thickness of
adipose and muscle tissues [65]. As a result of its high
costs and technical difficulties, the application of this
method for body composition assessment is not feasible
[65].

Only one study evaluated this technique for body com-
position analysis of individuals with class II/III obesity
was identified. This article reported a high correlation
between ultrasonography and computed tomography in
the determination of visceral (r=0.95; p<0.05) and sub-
cutaneous fats (r=0.72; p<0.05) [37, 68].

To the best of our knowledge, only two studies [35, 60]
have compared hydrostatic weighing, which is consid-
ered the most accurate method for body assessment, with
other methods in individuals with class II/III obesity. Due
to the difficulties of submerging individuals with obesity,
especially those with class II/III obesity, it is more com-
mon to find articles that investigate the accuracy of other
methods such as DEXA, computed tomography, or mag-
netic resonance imaging [34, 44, 62, 66, 68, 69].

Table 2 displays the limitations, advantages, accuracy,
and use of different techniques for body composition
analysis of individuals with class II/III obesity.

Should body composition in individuals with class 11/11]
obesity be evaluated?

Previous studies have shown that evaluating body com-
position becomes more challenging when dealing with
class II/1II obesity. This is due to the limitations imposed
by severe obesity on physical size, as well as changes in
the composition of fat-free mass. As a result, many cli-
nicians tend to avoid performing such assessments [10,
16, 53]. Considering all the aspects described above on
the advantages and disadvantages of each method, it



Page 6 of 11

(2024) 10:142

Silveira et al. BMC Nutrition

Ajigeidande mo| pue
1502 ybiy si 03 anp 3|qiseaju|
PaPUBLIWIODDY

Ayjigeidadoe pue

1502 ybiy s1 01 anp 3|qiseaju|
49 96 91BWISISA0 UBD
POPUSUIIOIY

1502 ybIH
91eINdDY
papUSWILIODDY

[ENPIA
-Ipul oY1 asedaid 01 usel I
94ed se BUO| S PIPUSUIIOIY

PopUsWWOIal 10N

[85'/5°0L 6] 1311pU| ‘
[LZ %S 25 6l 103l1pu| A>einooe ybiH
[69 '8t 'L '6€ ‘6] 123lpuj ASeindde ybiH

[04'£5'S€ vz ¥1]  1RMpUI-BIgNOQ Aeindde ybiH

[£S'€c'y1]  1aupu-siqnod S1epleA 10N

Aoeindoe ybly seH

poyiaw Inb

A|9AI|21 B S| pUB ‘S[enpiAlpul
ANB3Y S21BPOWIWIODIR
‘Buiybrom d11eIS0IPAY O}
pasedwod sjenplAipul pa1e
-N[eAS JO UOISI9AR SPIOAY

AJAIISUSS pue

uojsidald sareisuowsp pue
‘S|eNPIAIPUI P31eN|eAS JO U0
-e12d00D WNWIUIW saJ1INbal
‘Asea pue 3oInb s

‘UOISS|WIS UOJIRIpRI MO| SBH

suondely
J91BM JB|N||928I1XS pUE
-BJ1Ul JO UONPWINSS UP
SMO||e pue 3|puey pue uod
-suel) 0] Ases ‘s|enplAIpul
Pa1eN[eAS 01 SAISBAUI-UOU
‘sanbiuyda) Jay10 01 pased
-WOD 3|qISSa30. 2IOW S|

dpuey pue
Jodsuel} 0} Asea pue ‘Al
-eAUI-UOU $| 1SOD MOJ B SeH

aoeds

uofne|jeisul sjdule pue ‘sioye
-NjeAs paulely Alybiy usw
-dinba pazijei>ads salinbai
‘suoleyu| [ed

-1sSAyd pue 1531 sy buunp saiA
-naouew wiopad 01 Aljigeu)
‘uolsuay

-2idde pue 1oJuoDSIP S|1eIu
‘slenplAlpul 9s9qo buibiaw
-gNS Ul S3NNJLJIP SIA|OAU|

1840

obejusniad pue ssew 1ej a1ew
-11S9J2A0 PUE SSBW 931)-18)
91PWIISaI9PUN 01 SPUS) pue
S[enplAIpul

95900 40} Aujigerdadde Mo
1500 yb1y e seyH

1500 ybiy

e Sey pue (PaJ9pISUOd

90 1snw uswdinbs pue
‘Y13 SSIWADIUL ‘YIPIM)
S|enplAipul Axeay Ajpuedyiu
-bis ul pawioyiad aqg 10u Aepy

pasn juswdinba pue

‘31242 |eniisuaul ‘AyAnde
[ea1sAyd ‘uondwnsuod abe
-12A3Q Dljoyod|e ‘a¥eul

J191eM ‘931Ul POO) AQ pa1daye
9Q ued ey Adeindde seH
sisAjeue [pIUSWB3S AjUO
suiopiad pue ‘uolspald

MOJ SeY 'SUOIIDRI IDJeM JB|N|
-|92BJIUl PUR -BIIXS S218[1UIS)
-JIp JOU S2UIWIIBP JBYUSN

Buiybiam dneysolpAH

AydeibowsAyia|d

Andwon
-diosqe Aeis-x AB1aua-jeng

vig fouanbaipynpy

V19 A>uanbauy-s|buis

uolePUSWIWOIDY

Buybram
J11e1504pAYy 03

95uaIayeY poylaw joadAl  uoinejal uj uonepljep

sabejuenpy

suoneywr]

anbiuydap

AWSSO ]|/l SSBJ2 YHM S|enplAipul JO sisAjeue uorisodulod Apog 1oy sanbiuydal JuaIsyip Jo asn pue ‘Aoeindde ‘sabejuespe ‘suoiieliwl] g ajqer



Page 7 of 11

(2024) 10:142

Silveira et al. BMC Nutrition

1502 YbIH

PaPUSWILIOIDY

1502 yb1y Apuedyiubis
1vS pue

1WA S1enuaiayip o1 Aljiqy
2Insodxa uopelpey
AJljiqeidadoe moT
PaPUSWILIOIDY

1500 b1y Apuedyiubis
1vS pue

LA @1enuaiagip o) AljIqy
21eINddY

PIPUSIWIOISY

[89'59 Cl]

[12'€9 1T 'Sl "6l

[c2'€9"19 61 'CT'S1 '6]

13u1pUY|

10alIpuy|

311pUl

A>eIndde UoleISPON

Aoeindoe ybiH

Aoeindoe ybiH

1€} 43D
~SIA JO UOI1RUIWIRIdP Y3 Ul
Aydesbouwoy parnduwod ueyl
uolle21102 Jaybhly seH

sanssiy asodipe snosuey
-NdQNS PUE [eI3DSIA SaYIIUPI
pue ‘salel1jyul 184 JO
UOI3D319p Y1 J0j |nyasn s1 1|
's9zIs Apog 9b.e| YaIM S|enpIA
-Ipur ul pawliopad ag Aepy

9NSSI1 9|2SNW [B19]9YS pUR
asodipe 01 uonippe ul

'anssiy asodipe snosueInd
QNS pUE [RJDSIA SaYIUSPI
pue anssiy

asodipe |euluopae-eiul
Bunewnss usym s1eindoe
‘A|leuoibai

si919uleled 21eWNSS 01 9|ge §|

selnoyIp
[eDIUYD3) puUe 1502 YbIy e SeH

s9s0p uonelpels ybiy o1
s|enplAlpul sasodxa pue
'POY1I9W $53228-01-1NJLYIP
1500 ybIy e seyH

59215
Apoq 2b1e| yum sjenpiAlpul Ul
pauliopiad 9g 10uued pue
'POYI2U $5320B-01-1NdLYIP
1500 ybIy e sey

Aydeibouosen|n

Aydesbowo) paandwo)

Bul
-6ew a>ueuosal daubepy

uonepuswuwoday

2DUdIBRY poylaw jo adA|

buiybram
J13e31504pAY 03}

uoine|a4 ui uoneplep

sabejuenpy

suoneywr

anbiuydap

(panunuod) g ajqey



Silveira et al. BMC Nutrition (2024) 10:142

is necessary to evaluate the objective of measuring the
body composition of individuals with class II/III obesity,
considering that these individuals have a high body fat
percentage.

Using only BMI to assess obesity is questionable [49],
as it does not identify or discriminate body components
[61]. Using BMI, an individual with high lean mass, such
as a weightlifter, may be considered obese since BMI does
not measure body fat but body mass as a whole. On the
other hand, WC reflects abdominal adiposity and is a
good parameter to monitor the increase and decrease of
abdominal fat, but it does not discriminate body compo-
sition [73].

Although all individuals with class II/III obesity have
high body mass and fat [74], it is important to distin-
guish the different components of body composition and
evaluate the percentage of fat mass, fat-free mass, and
bone mineral density in these individuals [75-78]. Con-
sidering that there is a strong association between body
composition parameters, mortality in individuals with
BMI>35 kg/m [2, 3], which means class II/III obesity,
and several comorbidities, such as hypertension, diabe-
tes, cardiovascular diseases, dyslipidaemias, and cancer
[5, 6, 8, 79], the evaluation of body composition in this
population is essential. A detailed body fat percentage
evaluation, in combination with the other components,
allows for a follow-up of the clinical status of these indi-
viduals, detection of health risks [74], prevention of
unfavourable outcomes, and assessment of the results
of different pharmacological and non-pharmacological
interventions [74—76]. However, determining the body
composition of individuals with class II/IIl obesity is
especially more pertinent for those who are undergo-
ing weight loss treatment, whether surgical [66] or not,
monitoring changes in both body fat and the occurrence
of unwanted losses of lean mass [76, 80].

Furthermore, changes in the body composition of
these individuals, such as increased body adiposity and
changes in lean mass, may imply the development of sar-
copenic obesity [76], bone fragility [75, 81], higher car-
diometabolic risk, and reduced functionality [74]. Class
II/1II obesity is considered a low-grade chronic inflam-
mation caused by hypertrophy and/or hyperplasia of
adipocytes as well as by macrophage infiltrates observed
in response to oxidative stress caused by excess fat [82,
83]. Therefore, chronic inflammation observed in these
individuals affects bone mass due to reduced osteoblast
activity and increased osteoclast hyperactivity [75]. It
also increases cardiometabolic risk [74, 77, 78]. Interven-
tions focused exclusively on body weight loss in individu-
als with class II/III obesity may lead to a reduction of lean
mass, leading to sarcopenic obesity [76, 84], which has
been associated with frailty and strength reduction [85].

Page 8 of 11

There are also genetic polymorphisms that have been
linked to body composition [85, 86]. We emphasised also
the significance and practicality of body composition
assessment in this population, both concerning the pre-
ventive aspects of worsening the clinical condition and
monitoring the effectiveness of weight-loss interventions,
whether dietary, behavioural, pharmacological, or even
surgical [73, 74, 76, 77].

What is the most viable method in clinical practice?
Several methods are available, but not all apply to the
population in question. Although some methods produce
significantly accurate results, such as computed tomog-
raphy and magnetic resonance imaging, their high cost
makes them impracticable in clinical practice. However,
these two methods are the only methods used to evalu-
ate visceral and subcutaneous adipose tissues separately
that are relevant information in scientific research. Some
methods are more applicable to clinical scenarios due
to cost, such as skinfolds, but they have low accuracy in
evaluating individuals with class II/III obesity. In addi-
tion to being expensive, other methods promote discom-
fort and low acceptability, such as hydrostatic weighing
[10] and plethysmography [9], making them unfeasible in
clinical practice.

Despite its high cost, DXA has excellent precision and
accuracy for the evaluation of body composition in indi-
viduals with class II/III obesity [39]. Multifrequency BIA
produces more accurate results compared to DXA and
may be considered in clinical practice if specific equa-
tions are used for the study population to provide accu-
rate information in clinical scenarios. Furthermore, it is
important to measure WC during the follow-up of these
individuals since, despite being an anthropometric meas-
ure, this reflects visceral fat [73].

What is the most viable method for scientific research?

In research settings, computed tomography, and mag-
netic resonance imaging, are the only methods that eval-
uate VAT and SAT separately [21]. However, DXA is the
best option to be used as a reference in research for its
accuracy and feasibility compared to the other imaging
methods.

However, more studies are required to evaluate the
accuracy of other imaging methods that are feasible, reli-
able, and more affordable for assessing body composition
in individuals with class II/III obesity.

Strengths and limitations

The study presents a comprehensive comparison of
available methods for evaluating body composition in
people with class II/III obesity, both in clinical prac-
tice and research settings. The study also highlights the
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significance of evaluating body composition data in this
population, which is often overlooked. However, it is
important to note that limited studies compare various
body assessment methods in individuals with this degree
of obesity.

Conclusion

At present, DXA seems to be the best option to be used
as a reference method in research due to its accuracy
and higher accessibility compared to computed tomog-
raphy and magnetic resonance imaging. Multifrequency
BIA may be a viable alternative to DXA for use in clinical
practice, since in the last decade there have been several
advances in BIA technology, mainly in multifrequency.
Studies have demonstrated that the use of appropriate
and specific equations for the obese population mini-
mizes method bias. Few studies have investigated the
body composition in individuals with class II/III obesity,
and more studies should be conducted because of the
importance of either preventing the worsening of their
clinical status or monitoring the effectiveness of phar-
macological, non-pharmacological, and surgical inter-
ventions. Similar aspects should be observed in routine
clinical treatments and not only in scientific research.
Body composition analysis is crucial for designing inter-
ventions for individuals with a BMI>35 kg/m? These
interventions aim to reduce weight and fat mass while
preserving muscle and bone mass. Finally, it is important
to note that although hydrostatic weighing is the gold
standard for body assessment of these individuals, it is
unfeasible in clinical practice.
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