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Original Article

HELICAL COMPUTERIZED TOMOGRAPHY CAN MEASURE
SUBCUTANEOVUS, VISCERAL AND TOTAL FAT AREAS?

A tomogrdfia helicoidal pode mensurar as dreas de gordura subcutdnea, visceral e total?

Guilherme WENDLER'2", Paulo Afonso Nunes NASSIF'”, Osvaldo MALAFAIA', Eduardo WENDLER'%”,

llana Barrichello Torres WENDLER'2”, Luiza Marcelli CIRPIANI'

ABSTRACT - Background: Abdominal obesity or android obesity, that is, the increase in
adipose tissue in the abdominal region, is considered a risk factor for several morbidities.
Different ways of quantifying it have been proposed, one method is the measurement of the
abdominal fat area by computed tomography. Aim: To establish correspondence between
the groups defined by degree of obesity in relation to the total, subcutaneous and visceral
fat area. Methods: Cross-sectional observational study carried out through the analysis of
tomographic examinations. Horos v3.3.5 medical image visualization software was used, with
abdominal tomography in a single cut including the L4 vertebral body and the umbilical scar,
to obtain the areas of total, visceral and subcutaneous fat. Results: Of the 40 patients, 10 had
grade Il obesity, 23 grade Ill and 7 superobese. The amount of total fat showed an increase
in relation to the degree of obesity. Visceral fat did not show significant differences between
the degrees of obesity, but the data showed a lower average in the group of obesity grade
II. The area of subcutaneous fat, as well as total fat, showed an increase in its measurements,
according to the progression of the patients’ BMI, but there was no statistical significance in
this difference between the groups of grade Il and super-obese individuals. Conclusion: The
area of total and subcutaneous fat showed an increase in its measurements according to the
progression of the BMI groups, which did not happen with visceral fat.

HEADINGS: Computed tomography. Obesity. Visceral fat. Subcutaneous fat. Total fat.

RESUMO - Racional: A obesidade abdominal ou a obesidade androide, isto é, o aumento de
tecido adiposo na regido abdominal, é considerada fator de risco para diversas morbidades.
Diferentes formas de quantifica-la foram propostas, sendo um dos métodos a medida
da area da gordura abdominal pela tomografia computadorizada. Objetivo: Estabelecer
correspondéncia entre os grupos definidos por grau de obesidade em relacédo a area de
gordura total, subcutanea e visceral. Métodos: Estudo observacional analitico transversal
realizado através da anélise de exames tomograficos. Utilizou-se software de visualizacdo
de imagens médicas Horos v3.3.5, com tomografia abdominal em um Unico corte incluindo
corpo vertebral de L4 e a cicatriz umbilical, para obter as areas de gordura total, visceral e
subcutanea. Resultados: Dos 40 pacientes 10 apresentavam obesidade grau Il, 23 grau lll e
7 superobesos. A quantidade de gordura total demonstrou aumento com relagdo ao grau
de obesidade. A gordura visceral ndo apresentou diferencas significativas entre os graus de
obesidade, porém os dados demonstraram média menor no grupo de obesidade grau II.
A érea de gordura subcutanea, assim como a gordura total, apresentou aumento de suas
medidas, conforme a progresséo do IMC dos pacientes, porém ndo houve significancia
estatistica nesta diferenca entre os grupos de obesos grau Il e superobesos. Concluséo: A
area de gordura total e subcutadnea apresentaram aumento de suas medidas conforme a
progressao dos grupos de IMC, o que ndo aconteceu com a gordura visceral.

DESCRITORES: Tomografia computadorizada. Obesidade. Gordura visceral. Gordura
subcutanea. Gordura total.

Central message

With acquisition of images through abdominal
helical tomography, it was observed that the area of
total and subcutaneous fat showed an increase in its
measurements according to the progression of the
BMI groups, which did not happen with visceral fat.

Perspective

The amount of total and subcutaneous fats
measured showed an increase in relation to the
degree of obesity but without statistical significance
in this difference between the level Il and superobese
groups.
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INTRODUCTION

decade and several prospective cohort studies

have shown that obese people, defined by body
mass index (BMI), are atincreased risk of arterial hypertension
and cardiovascular disease as well as of mortality from these
causes'®?, In addition, the distribution of fat deposits, such
as visceral abdominal adipose tissue (VAT), regardless of
general obesity, has been associated with cardiometabolic
risks' and others®.

Abdominal obesity is composed of subcutaneous and
visceral fat, the latter presenting metabolic and functional
characteristics that distinguish it from that located in other
anatomical regions, representing a greater predictive value
for cardiovascular disease?'.

In view of the relevance of visceral fat in the study of
metabolic syndrome, several methods have been proposed
to assess the distribution of body fat and quantify intra-
abdominal adiposity. There are a variety of techniques for
the assessment of body composition, such as anthropometric
measurements (waist circumference, waist / hip ratio, waist-
to-height ratio, taper index, and sagittal diameter) and image
measurements (computed tomography, magnetic resonance
and ultrasound)'®.

Inthe last few decades, it has been found that adipocytes
areresponsible for the secretion of various types of hormones
and cytokines. It is known that leptin, produced and secreted
mainly in adipocytes, is involved in the neuroendocrine
regulation of adiposity and its metabolic sequelae. Plasma
concentrations have been reported to be associated with
BMI, fat percentage and total body fat mass assessed by dual
energy X-ray absorptiometry. However, there is still controversy
about which fat mass is strongly associated with the plasma
leptin level, that is, whether it is visceral abdominal adipose
tissue (VAT) or subcutaneous abdominal adipose tissue (SAT)?.

Individuals with fat accumulation in the upper body
are more susceptible to the progression of atherosclerosis
than those with less. In the 1980s, the method of assessing
the VAT area by computed tomography was reported, and
it was suggested that this fat plays an important role in the
development of diabetes mellitus, systemic arterial hypertension
and hyperlipidemia. However, it remains to clarify how and to
what extent individual adipose tissue contributes to abdominal
metabolism, that is, the direct relationship that each type of
fat may have with the degree of obesity™.

Helical computed tomography (CT) is a mode of volume
acquisition by X-rays. Helical data are obtained by moving
the table with the patient at constant speed, while the X-ray
tube rotates continuously with sustained exposure9.

Helical CT is known to have several important potential
advantages for examining the abdomen. In comparison with
the standard type, it is less sensitive to movement artifacts
and, due to the acquisition of volume during respiratory
suspension, there is no incorrect and different record in
respiratory movements®.

Eastwood et al., (2013)? presented internal software to
measure the muscle and fat area in axial tomography and
compare it with several quantification methods. The software
analyzes body composition on computed tomography and has
proved to be reliable in the quantification of fat and muscle
tissue. Fox, et al. (2007)* studied the compartments of VAT by
CT that may confer a higher metabolic risk. The usefulness
of measuring VAT and SAT in association with metabolic
risk factors has not been well described in a population-
based scenario. Among women and men, SAT and VAT were
significantly associated with several changes (blood pressure,
fasting glucose, lipidogram, hypertension, diabetes mellitus)
and mainly with the metabolic syndrome.

The prevalence of obesity has increased in the last

CT is an advanced and fairly new technique used to
diagnose various disorders. However, its application in the
assessment of the distribution of body fat mass is recent.
Using helical CT it was shown that the percentage of visceral
and subcutaneous fat was significantly higher in women than
intra-abdominal fat in men'.

The accumulation of adipose tissue in the abdominal
region is considered a risk factor for several morbidities and,
given the relevance of visceral fatin the study of the metabolic
syndrome, several methods have been proposed to assess the
distribution of body fat and quantify intra-abdominal adiposity'2.
This aspect justifies the performance of this work, as there
are not many studies that used CT as a form of quantitative
assessment of abdominal fat and data in the literature that
correlate these findings with the degree of obesity.

Thus, the objective of this research was to establish a
correspondence between the groups clinically defined by
degree of obesity and their quantifications of the areas of
total fat, subcutaneous and visceral fat defined by CT.

METHOD

This is an observational analytical cross-sectional study
carried out at Hospital do Rocio, Campo Largo, PR, Brazil,
through the analysis of tomographic findings correlated
with the clinical data prospectively obtained from patients
who are candidates for surgical treatment of obesity. It was
approved by the Research Ethics Committeé of Faculdade
Evangélica Mackenzie do Paran - CEP / FEMPAR, according
to the attributions defined in Resolution 466/12 CNS under
opinion number 1,836,670. The technical standards used in this
work followed the guidelines determined by the Mackenzie
Standards of 2019.

Forty obese patients recruited for Roux-en-Y gastric
bypass were recruited from August 2018 to July 2019.

Inclusion criteria were patients who agreed to participate
in the study by signing the informed consent form; eligible
for the proposed operation and who had a BMI> 35 kg/m?
associated with diabetes mellitus, systemic arterial hypertension
or a BMI> 40 kg/m?. Exclusion criteria were patients younger
than 18 and older than 60 years; weight greater than 150
kg (weight limit of the movable table) and with incomplete
anamnesis form.

Data collect

BMI was calculated using the formula weight divided
by height at the table in meters determining the degree of
obesity (Tables 1 and 2).

TABLE 1 - Descriptive statistics of demographic variables and
comorbidities

VariABLE Classif Results*
37,5£9,5 (20-57)
20-29 8 (20)
Age |(years) 30-39 15 (37,5)
40-49 11 (27,5)
50-59 6 (15)
Male 6 (15)
Gty Female 34 (85)
43,7+4,9 (35,8-56)
Level Il 10 (25)
BMI Level i 23 (57,5)
Superobesity 7 (17,5)

Total fat (cm?) 808+153 (493-1191)
Visceral (cm?) 196+60 (73-298)
Subcutaneus (cm?) 612162 (195-1044)

* Described by mean * standard deviation (minimum —maximum) or by frequency
(percentage)
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TABLE 2 - Homogeneity between groups

Obesity (BMI)
Variable Classif  Level Il Level Il Superobesity  p*
(n=10) (n=23) (n=7)
38+8 3710 39+ 11
e @4-51) (0-57) (25-53  08%
Male  2(0) 2@7) 2 (286)
Gender  pumpy 8(80)  21(913)  5(714) 0,382

*ANOVA com um fator ou teste de Qui-quadrado, p<0,05

All acquisitions were made using the GE Optima CT520
Series 16-channel helical computed tomography machine
using parameters of 180 mA, 120 KV, slice thickness of 5 mm
and step 1.75:1 (table speed in relation to slice thickness)

All patients underwent CT in a single series of axial slices,
with a matrix of 512x512 pixels, in the supine position, without
the injection of intravenous contrast, which included images
from the upper hepatic border to the pelvis.

Calculation of body fat mass

The measurement of body fat mass was performed using
the iIMAC hardware, using the macOS 10.14.1 operating system
and the Horos v3.3.5 medical image visualization software
(https://horosproject.org/).

Multiplanar reconstruction of the axial sections was
performed, being considered a single cut suitable for the
evaluation that should include the L4 vertebral body of
the lumbar spine and the umbilical scar at its origin in the
abdominal wall (Figure 1).

1=corpo vertebral (L4); 2=cicatriz umbilical

FIGURE 1 - Standardization of the cut level on the CT to quantify
the fat.

The Thresholding image tool was used, which is a method
for segmenting the image using the gray scale. The thresholds
used to highlight the pixels form a defined area. The defined
threshold was fat.

Considering the Hounsfield scale - tomography measurement
unit - the range from -190 to -30 UH was used as fat densit2.

Global Thresholding

This plugin creates a brush roi with pixels
that fulfill the following criteria:

& pixels >=
pixels <=
new ROl name: I UH da Gordura I

© inside current Slice
inside current 2D viewer

FIGURE 2 - Thresholding tool with fat thresholds

After delimiting the pixels, the area per cm? that corresponds
to that of total abdominal fat was obtained.

Red = total abdominal fat; white = spine; gray = muscles; black / gray = intestine

FIGURE 3 - Examples of measurement of the fat area: A) total
abdominal; B) visceral abdomen; C) subcutaneous.

The SAT was manually removed and as a consequence,
the VAT area in cm? was obtained, which is the parameter
used as a correlation measure. Consequently, to calculate
the SAT area, subtract the area from the total fat area value.

Statistical analysis

The results of quantitative variables were described
by means, standard deviations, minimum and maximum
values. Categorical variables were described by frequencies
and percentages. The three groups defined by BMI (obesity
grade Il, obesity grade Ill and super obesity) were compared
in relation to quantitative variables using the model of analysis
of variance (ANOVA) and the model of analysis of covariance
adjusted for diabetes. For multiple post-hoc comparisons, the
Bonferroni test was used. Categorical variables were analyzed
considering the chi-square test. To assess the correlation
between two quantitative variables, Pearson’s correlation
coefficients were estimated. The condition of normality for
continuous variables was assessed by the Kolmogorov-Smirnov
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test. Values of p <0.05 indicated statistical significance. The

data were analyzed using the computer program Stata / SE
v.14.1. StataCorpLP, USA

RESULTS

The sample included 40 patients, after the exclusion
criteria were applied. The mean age was 37.5 years, with an
average BMI of 43.7 kg / m2. The measurements of areas
(cm?2) of total, visceral and subcutaneous fat were 808,196
and 612, respectively (Table 1).

Homogeneity of groups

The patients were divided into groups based on the
BMI calculation, resulting in 10 grade Il obese, 23 grade Il
and 7 superobese. The groups presented variables (ages,
gender, BMI) without significant differences, confirming the
homogeneity between them (Table 2).

Comparison of the groups defined by BMI in relation
to the total fat variable

The analysis of the amount of total fat showed an
increase in relation to the degree of obesity. There was
statistical significance of this difference when comparing the
grade Il groups to the superobese group (p = 0.006, Tables
3 and 4, Figure 4.

TABLE 3 - Comparison of the groups defined by the BMI in relation
to the variables area of fat, visceral and subcutaneous

LEVEL Il 10 ;%33%5‘3‘265)

TC(’E‘;‘TL f)at LEVELIlI 23 (ggg%;% T | e
Superobesity 7 (7903;.i111291)
LEVELI 10 (27%1.;97;)

Visceral (cm?) ~ LEVELIl 23 18852—532)( e
Superobesity 7 (12 2?.;;2)
LEVELI 10 (51%3;61;3)

Subajr':ir)mous LEVELII 23 &%‘;%91125) 0,029 0,261
Supercbesty 7 oo ool

*ANOVA com fator p<0,05; **ANOVA incluindo DM como covariavel p<0,05

TABLE 4 - Comparison of the groups defined by the BMI in relation
to the variables total fat area

LEVEL Il x LEVEL Ill 0,109
Total Fat (cm?) LEVEL Il x superobesity 0,006
LEVEL Ill x superobesity 0,188

*Teste post-hoc de Bonferroni, p<0,05

Comparison of groups defined by BMI in relation to
the visceral fat variable

The analysis of the amount of visceral fat did not show
significant differences between the three groups; however,
the data showed a lower average in the grade Il group (Table
3 and Figure 4B)

Comparison of the groups defined by BMI in relation to
the subcutaneous fat variable

The area of subcutaneous fat, as well as total fat, showed
an increase in its measurements, according to the progression
of the BMI groups. However, the statistical significance of this
difference was shown in the comparison between the grade I
and superobese groups (Table 5 and Figure 4C).

1200
1100
1000
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-

Grau ll Grau lll Super obeso
A Classificagdo de obesidade (IMC)

Area de gordura

O Média
W Média + EP
T Média + DP

Intra abdominal

O Média
W Média + EP
T Média + DP

Grau il Super obeso
Classificagdo de obesidade (IMC)

B Grau ll

E{.{'+

300

Subcutaneo

0 Média
W Média + EP
T Média + DP

Grau ll Grau lll Super obeso
C Classificagdo de obesidade (IMC)

FIGURE 4 - Area averages x groups: A) total fat; B) visceral; C)
subcutaneous

TABLE 5 - Comparison of the groups defined by the BMI in relation
to the subcutaneous area variables

LEVEL Il x LEVEL llI 0,083
LEVEL Il x superobesity 0,043
LEVEL lll x superobesity 1
*Teste post-hoc de Bonferroni, p<0,05

Subcutaneous (cm?)
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DISCUSSION

CT has been considered the most accurate and reproducible
technique for measuring body fat, particularly abdominal
adipose tissue, allowing the differentiation of subcutaneous
and visceral adiposity in this region, being considered since
1990 as the "gold standard” method for determining the
visceral fat™.

Magnetic resonance imaging is a safe imaging method,
accurate for measuring visceral and subcutaneous adipose
tissue. Itis a favorable alternative and not exposed to radiation
to measure abdominal fat contentin clinical research® however,
itis less likely to be influenced by the respiratory artifact and
most MRI systems have a diameter of 60 cm, limiting it to
patients with higher degrees of obesity. CT and MRI are the
two best methods for assessing body fat. CT is more available,
has a more accessible cost and better accommodates more
obese patients.

One of the great current advantages of measuring
areas or volumes of intra-abdominal body fat by CT over
measurement by conventional methods is to reflect the
body fat mass more accurately'®'. However, in the study by
Kobayash et al. (2002)° this correspondence was not evaluated.
In this work, analyzing the amount of total fat, there was an
increase in relation to the degree of obesity, with statistical
significance in this difference when comparing the grade I
groups to the superweight group (p = 0.006), corroborating
with Vohl (2004)?* who, differently from VAT to SAT, it has a
higher correlation with degree of obesity.

Shuster et al. (2012)%° report that one of the findings
that is little valued in CT exams is fat, specifically in this case,
abdominal. It is believed that it is due to the lack of a level of
evidence that justifies its citation in the radiological reports;
however, in this study, a correspondence was established
between the degree of obesity and the level of visceral,
subcutaneous and total fat.

Kobayash et al. (2002)° state that as the importance of
these various discoveries becomes apparent, the requirement
for improved techniques that can safely measure intra-
abdominal fat mass has become equally evident; Shuster et al.
(2012)?° believe that abdominal fat (visceral and subcutaneous)
may be part of radiological reports, contributing positively
to medical practice. The need for accurate and clinically
convenient measures to quantify VAT is evident. However,
it is also essential to develop quantitative criteria to define
visceral obesity in relation to these metabolic disorders. This
study demonstrated that by helical CT it may be possible to
compare groups defined by BMI (degree of obesity) with
areas of visceral, subcutaneous and total fat.

Here, the quantitative method was used to assess
abdominal fat validated by Kobayash et al. (2002)° which
has good reproducibility, is fast and can be applied in other
studies. They state that an area of visceral fat of 130 cm? in
both men and women of various age groups is strongly related
to metabolic disorders; however, in the present study the
results showed an average visceral fat area of 196 cm? in the
three groups; however, the correlation of these groups with
the metabolic syndrome has not been evaluated.

Most studies use the Hounsfield Unit with a range of
-190 to -30 pixels for subcutaneous adipose tissue and VAT
quantification in CT studies. There is no consistent threshold
that can be applied to the segmentation of adipose tissue
by resonance; however, there has been significant growth in
the automation of the analysis process in recent years®. Also
here the same unit was used with an interval of -190 to -30
pixels, obtaining the area in cm? that corresponds to the total
abdominal fat; the appropriate cut-off level for assessment

should include the L4 vertebral body and the umbilical scar
at its origin in the abdominal wall.

The regional distribution of fat has a good influence on
health, even in the absence of generalized obesity™. Studies
suggest that visceral or intra-abdominal fat is the most
harmful due to its hormonal functions. The subcutaneous has
the main functions of maintaining body fat, storing energy
more efficiently than visceral fat and hormonal production®.
This study compared the degree of obesity with visceral fat,
demonstrating that it did not present significant differences
between the three groups; however, the data showed a lower
average in the grade Il obesity group. Several researchers have
attempted to quantify body composition using CT, and several
methods have been developed over the years. Yoshizumi et
al.?* developed a standardized technique for measuring fat
using manual measurements of CT data, and showed that
the manual measurements were almost identical to quantify
the abdominal fat area”> In this study, the Horos image
visualization software was used, following the methodology
of Kobayashi et al. (2002)° that demonstrated a good result.

Subcutaneous fat has a significant correlation with
BMI, but not with visceral fat. Thus, it is concluded that the
BMI should not be used in isolation for the screening and
evaluation of comorbidities'®. There are other parameters for
this analysis, such as the waist and height ratio.

The correlation between degrees of obesity, metabolic
changes and quantification of different types of fat should
be the subject of further studies. The growth in the fields of
artificial intelligence may be a future direction to provide
accurate and fully automated 3D segmentation of adipose
tissue deposits.
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