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ABSTRACT
Objective: To analyze different anatomical sites in the abdominal region, in order to determine 
the positional parameter that identifies a higher level of visceral adipose tissue (VAT) and confers 
a greater cardiometabolic risk. Materials and methods: This is a methodological study in which 
VAT was evaluated by ultrasonography (USG) in three anatomical sites in the abdomen, while the 
abdominal circumference (AC) was measured using seven different protocols. Additionally, the 
glycemic and lipid profile, C-reactive protein, and the presence of systemic arterial hypertension 
were evaluated. Results: One hundred and six individuals with an average age of 42 (36.8-46.2) 
years were included. The evaluation of the calibration of the ultrasound procedure for the analysis 
of VAT by intra- and inter-evaluators showed high reproducibility. The pattern of abdominal fat 
distribution differed between sexes, with higher mean VAT in males (p < 0.05) and higher mean 
SAT (subcutaneous adipose tissue) in females (p < 0.005). In the abdominal scan applied to women, 
higher levels of VAT and lower levels of SAT were observed in the narrower waist region, between the 
iliac crest and the last rib (p < 0.001). In males, the profile of adipose disposition along the abdomen 
was uniform (p > 0.05). Correlations between VAT measured by USG and cardiometabolic parameters 
were relatively stronger in the upper abdomen (p < 0.05). Conclusion: Women accumulate more 
VAT in the narrower waist region, while men accumulate VAT uniformly across the abdomen. There 
was relative superiority in predicting cardiometabolic risk in the upper abdomen for both sexes. Arch 
Endocrinol Metab. 2023;67(2):162-71
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INTRODUCTION

Abdominal obesity is characterized by the 
accumulation of excess subcutaneous (SAT) and 

visceral adipose tissue (VAT), representing an important 
cardiovascular and metabolic risk factor (1). The interest 
in measuring intra-abdominal adiposity has grown 
increasingly due to the recognition of VAT as an adipose 
compartment that is metabolically active and involved in 
the development of health complications (2).

Imaging methods are considered reference 
procedures for the evaluation of abdominal adiposity 
for allowing to determine subcutaneous fat separately 
from visceral fat (3). Among them, USG has been 
showing great potential, as besides being less costly, 
more accessible, and more secure (4) compared 
to other methods, it also allows determining body 

compartments in different sections, providing a better 
understanding of the distribution of SAT and VAT (5). 
However, studies still seek to standardize the ideal 
anatomical site for measuring the different abdominal 
adipose tissue compartments using this method (6). 

Among anthropometric measurements, waist 
circumference (WC) is recognized as the doubly indirect 
inference method for evaluating central adiposity that 
can be better associated with VAT (7), as well as with 
cardiometabolic complications (8). As it is presented as 
a proxy for abdominal adiposity, its validity depends on 
the degree of correlation with reference methods (9).

Although several studies have reinforced the 
safety, validity, and ease of using AC as a predictor of 
visceral adiposity, there is still no consensus on the 
anatomical site where this anthropometric parameter 
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should be measured (10). The lack of methodological 
standardization to obtain this measurement can 
compromise the comparison between results of 
different studies and its use as an instrument in clinical 
practice, besides causing the values obtained to be 
under- or overestimated, which may lead to a potential 
error in the interpretation of its results (11).

Furthermore, the fact that this measure is used as an 
index of central obesity, being recommended by several 
health organizations as an instrument for tracking 
the risk of metabolic and cardiovascular diseases, 
reinforces the need to establish and standardize 
the most appropriate anatomical site for predicting 
cardiometabolic risk (12). 

In this context, the present study aims to determine 
the positional parameter of the abdominal region that 
identifies higher levels of VAT and confers a higher 
cardiometabolic risk. 

MATERIALS AND METHODS

This is a methodological study carried out between 
2020 and 2021 involving adults of both sexes recruited 
among health professionals from a public hospital in 
Northeastern Brazil, being approved by the ethics 
committee of the Ethics and Research Committee on 
Human Beings of the University of Pernambuco (UPE) 
and approved under protocol number 271.400/2013. 
The procedures employed in the study are in accordance 
with the ethical standards for human experiments.

The sample was built based on voluntary adhesion, 
consisting of health professionals of a public hospital 
in northeastern Brazil, aged between 20 and 60 years, 
of both sexes. Individuals with physical limitations and 
clinical conditions that made it impossible to carry out the 
anthropometric and abdominal adipose tissue evaluations, 
such as individuals with hepatomegaly and/or splenomegaly, 
ascites, recent abdominal surgery, and/or who had 
undergone surgical treatment for weight loss, pregnant 
women, and those who had children up to 6 months prior 
to the screening for the study were excluded. 

To calculate the sample size, an α error of 5%, a 
β error of 20%, a mean correlation between the AC 
measurement and the VAT obtained by USG in young 
women of 0.45 (p), and a variability of 0.15 (d²) (13) 
were taken into consideration, with an estimated 
minimum n of 87 individuals. To correct eventual 
losses, this number was increased by 25%, totaling a 
sample size (n) of 109 individuals.

Information on age, sex (male and female), and skin 
color were collected. Individuals aged between 20 and 
40 years were considered young adults, while mature 
adults were considered as individuals aged between 40 
and 59 years (14). Skin color was self-defined by the 
respondent, who should select between white, brown 
or black (15). 

For the variable alcohol consumption, the 
classification of excessive alcohol consumption was 
used considering the estimate quantified by the I 
Brazilian Guidelines on Cardiovascular Prevention 
(>30 g/day for men and >15 g/day for women) (16). 
The individuals were classified as smokers, non-smokers 
or ex-smokers. Individuals who smoke at least one 
cigarette a day were classified as smokers; individuals 
who had never smoked were classified as non-smokers; 
and individuals who smoked at some point in their 
lives, but not in the last six months prior to the survey 
were classified as ex-smokers (17). 

The physical activity level was determined by the 
International Physical Activity Questionnaire (18) in 
its short version. A physical activity score below 150 
minutes per week was used to classify individuals as 
insufficiently active or sedentary (19).

Hypertension was determined when the participant 
reported a previous diagnosis issued by the physician, 
the use of antihypertensive drugs, and/or presented 
the diagnosis in their clinical record. 

Among biochemical analyses, the following 
parameters were evaluated: fasting plasma glucose 
(FPG) and glycated hemoglobin (HbA1C), lipid 
profile (triglycerides, total cholesterol, and fractions), 
and the inflammatory status, evaluated by C-reactive 
protein (CRP).

Blood glucose and lipid profile were analyzed by 
the enzymatic method, while HbA1c and conventional 
CRP were analyzed by turbidimetry. Biochemical 
analyses were carried out using a Cobas Integra 400® 
analyzer (Roche Diagnostics) in the Laboratory of 
Clinical Analyses in the service.

The BMI was obtained through the following 
equation: Weight/Height². The individuals were 
classified as with or without excess weight according 
to the cutoff limits recommended by the World Health 
Organization (20).

AC was measured in duplicate and repeated when 
the measurement error was greater than 0.1 cm using 
an inelastic flexible measuring tape with accuracy of 0.1 
cm, directly on the skin, in a horizontal plane around the 
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abdomen in the seven following different regions: 1) in 
the narrower region between the iliac crest and the last rib 
(AC1) (21); 2) Immediately below the bone landmark of 
the last rib (AC2) (22); 3) in the midpoint between the 
last rib and the iliac crest (AC3) (23); 4) 1 cm above the 
umbilical scar (AC4) (24); 5) at the umbilical scar level 
(AC5) (25); 6) immediately above the bone landmark of 
the iliac crest (AC6) (26); and 7) in the region of largest 
abdominal circumference (AC7) (27).

VAT and SAT were evaluated by USG using a 
Vivid T8 Pro Color Doppler Ultrasound (GE, P.O., 
Asia) machine, with USG being performed by a single 
observer trained according to the study protocol. 
Participants were evaluated in the supine position with 
the right arm raised after fasting for at least four hours 
(28). The convex electronic transducer at a frequency 
of 3.5 MHz and the linear transducer at a frequency 
of 6.0 MHz were positioned transversely in order to 
perform a longitudinal scan of the xiphoid process 
to the umbilicus along the linea alba (5), having as 
reference for the measurements the following external 
landmarks: 1) the narrower region between the iliac 
crest and the last rib (21); 2) the midpoint between the 
last rib and the iliac crest (29); and 3) 1 cm above the 
umbilical scar (30).

Visceral fat thickness was considered as the greatest 
distance, in centimeters, between the internal (deep) 
surface of the rectus abdominis muscle and the anterior 
aortic wall, in which the reference limits of 9 cm and 
8 cm were used for classifying high levels of VAT in 
men and women, respectively (31). Subcutaneous fat 
thickness was considered as the distance in centimeters 
between the skin and the anterior surface of the linea 
alba (4). 

The measurements were evaluated in duplicate and 
repeated when the measurement error was greater than 
0.1 cm, with the individual at expiration, and without 
exerting pressure on the abdomen, in order to not 
underestimate the result (4).

Data were entered into the software Epi-info, version 
6.04, and statistical analysis was performed using the 
software Statistical Package for Social Sciences (SPSS), 
version 22.0. 

Initially, the reproducibility of the USG 
measurements of intra- and inter-evaluators was 
evaluated in a percentage of 10% of the calculated 
sample size, adopting the intraclass correlation 
coefficient and a limit of agreement of 95%, with 
analysis of measurements being performed in triplicate 

for each anatomical site. An evaluator that is trained 
and experienced in the evaluation of body composition 
by ultrasound was considered as a reference for the 
calibration of the evaluator of this study.

Then, exploratory data analysis and outlier exclusion 
were performed. Continuous variables were tested for 
normality using the Kolmogorov-Smirnov test. The data 
of variables that presented Gaussian distribution were 
expressed as mean and standard deviation. Variables 
with non-Gaussian distribution were presented as 
medians and their respective interquartile ranges.

The Student’s t-test for independent samples was 
used to compare means between groups, while one-
way ANOVA was used to compare USG and AC 
measurements at different anatomical sites, using the 
Bonferroni test a posteriori.

Pearson’s or Spearman’s correlation was used to 
evaluate the degree of relationship between VAT, 
which was measured by imaging exam (USG), doubly 
indirect inference (AC), and biochemical parameters. 
The correlation strength was interpreted as weak (r < 
±0.4), moderate (r ranging from ±0.4 to ±0.7), and 
strong (r > ±0.7). The significance level of 0.05 was 
adopted for all statistical analyses.

RESULTS 

A previous evaluation of the reproducibility of intra- 
and inter-evaluator USG measurements was performed 
in a percentage of 10% of the sample, showing high 
inter-evaluator reproducibility and an Intraclass 
Correlation Coefficient (ICC) greater than 0.97 for 
VAT and greater than 0.99 for SAT; intra-evaluator 
reproducibility was equally high, with ICC greater than 
0.9 for all VAT and SAT evaluations.

One hundred and nine individuals were included in 
the study, and after eliminating losses due to lack of 
data or inconsistency of information, 106 individuals 
comprised the final sample. The average age was 42 
(36.8-46.2) years, with predominance of females 
(73.6%, CI95%: 64.5-81.0) and a higher rate of brown 
individuals (49.1%, CI95%: 39.7-58.4).  The prevalence 
of systemic arterial hypertension (SAH) was 19.8% 
(CI95%: 13.3-28.4), overweightness was verified in 
67.9% (CI95%: 58.6-76.1) of individuals, and 28.3% 
(CI95%: 20.6-37.5) of the individuals presented VAT 
values above the reference limit of the classification of 
cardiovascular risk (Table 1). 
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Table 1. Sample characteristics of adult health professionals, stratified by sex (n = 106)

Variables Males
n% (CI95%)

Females
n% (CI95%) p-value*

Age group 0.677

Young adults 12 24.5 (26.5-60.9) 37 75.5 (36.7-58.4)

Mature adults 16 28.1 (39.1-73.5) 41 71.9 (41.6-63.3)

Skin color 0.014

White 3 9.1 (3.71-27.2) 30 90.9 (28.4-49.6)

Black 9 42.9 (17.9-50.7) 12 57.1 (9.0-25.0)

Brown 16 30.8 (39.1-73.5) 36 69.2 (35.5-57.1)

Arterial hypertension 0.802

No 22 25.9 (60.5-89.8) 63 74.1 (70.7-88.0)

Yes 6 28.6 (10.2-39.5) 15 71.4 (12.0-29.3)

Alcohol consumption 0.271

No consumption 13 21.0 (29.5-64.2) 49 79.0 (51.7-72.7)

Consumption 12 32.4 (26.5-60.9) 25 67.6 (22.8-43.0)

Excessive consumption 3 42.9 (3.7-27.2) 4 57.1 (2.0-12.5)

Smoking 0.078

Non-smokers 22 24.2 (60.5-89.8) 69 75.8 (79.5-93.8)

Smokers 3 75.0 (3.7-27.2) 1 25.0 (0.2-6.9)

Ex-smokers 3 27.3 (3.7-27.2) 8 72.7 (5.3-19.0)

Physical activity 0.133

Sedentary 11 36.7 (23.6-57.6) 19 63.3 (16.2-34.9)

Active 17 22.4 (42.4-76.4) 59 77.6 (65.1-83.8)

Nutritional Status 0.837

Malnutrition 0 0 (0.0-12.1) 1 100 (0.2-6.9)

Eutrophy 10 30.3 (20.7-54.2) 23 69.7 (20.5-40.4)

Overweight 9 23.1 (17.9-50.7) 30 76.9 (28.4-49.6)

Obesity 9 27.3 (17.9-50.7) 24 72.7 (21.6-41.7)

Visceral adipose tissue 0.310

Normal 18 23.7 (45.8-79.3) 58 76.3 (63.7-82.7)

Excessive 10 33.3 (20.7-54.2) 20 66.7 (17.3-36.3)

*Pearson Chi Square. CI95%: confidence interval of 95%; without excess weight: BMI < 25 kg/m2; with excess weight: BMI ≥ 25 kg/m2; VAT normal: < 9 cm for men and < 8 cm for women; VAT 
excessive: ≥ 9 cm for men and ≥ 8 cm for women.

The pattern of abdominal fat distribution differed 
between sexes for all anatomical sites measured in 
the abdomen, with higher mean VAT for males (p < 
0.05) and higher mean SAT for females (p < 0.005). 
In the abdominal scan applied to women, higher 
concentrations of VAT and lower concentrations of 
SAT in the narrower waist region between the iliac crest 
and the last rib (p < 0.001) were observed. In males, 
the profile of adipose disposition, as well as the mean 
ACs showed uniformity along the abdomen (p > 0.05 
and p = 0.564) (Tables 2 and 3, respectively).

In women, the smallest abdominal perimeters were 
identified in the upper part of the abdomen (AC1 and 

AC2), while the largest circumferences were identified 
in the umbilical scar (AC5, AC6, and AC7) (p < 0.001) 
(Table 3).

Men expressed very strong correlations between 
the three VAT measurements and all AC measurements 
at the seven anatomical sites of the abdomen, with all 
correlation coefficients above 0.9 (r > 0.9; p < 0.001). 
Among women, a strong correlation was also observed 
between the AC and VAT measurements obtained from 
all anatomical sites, although with greater variation and a 
slightly lower performance (correlation coefficient ranging 
from 0.75 to 0.85). The highest correlation coefficients 
were expressed between VAT measurements and the AC 
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Table 2. Comparative analysis of the averages of Visceral Adipose Tissue (VAT) and Subcutaneous Adipose Tissue (SAT) evaluated by ultrasound in three 
anatomical sites in the abdominal region of adult individuals, according to sex (n = 106)

Variables Total
(n = 106)

Males 
(n = 28)

Females
 (n = 78) p-value*

VAT1 (cm) 7.4 (±2.1)a 8.2 (±2.8) 7.1 (±1.8)a 0.042

VAT2 (cm) 6.5 (±2.2)b 7.4 (±2.8) 6.1 (±1.9)b 0.031

VAT3 (cm) 6.1 (±2.2)b 7.1 (±2.9) 5.7 (±1.8)b 0.016

p-value** <0.001 0.329 <0.001

Variables Total
(n = 106)

Males 
(n = 28)

Females
 (n = 78) p-value*

SAT1 (cm) 2.5 (±1.1)a 2.0 (±1.1) 2.7 (±1.0)a 0.004

SAT2 (cm) 3.1 (±1.2)b 2.5 (±1.2) 3.3 (±1.1)b 0.002

SAT3 (cm) 3.2 (±1.3)b 2.6 (±1.3) 3.5 (±1.2)b 0.002

p-value** <0.001 0.158 <0.001

*Student’s t-Test for independent samples. **one-way ANOVA. a,b Different letters mean statistical differences by the Bonferroni test. VAT1: the narrower region between the iliac crest and the last 
rib; VAT2: the midpoint between the last rib and the iliac crest; VAT3: 1 cm above the umbilical scar; SAT1: the narrower region between the iliac crest and the last rib; SAT2: the midpoint between 
the last rib and the iliac crest; SAT3: 1 cm above the umbilical scar.

Table 3. Comparative analysis of the averages of seven anatomical sites of measurement of the abdominal circumference (AC) in adult individuals, 
according to sex (n = 106)

Variables Total
(n = 106)

Males
(n = 28)

Females
 (n = 78) p-value*

AC1, cm (mean/SD) 87.1 (±12.1)a 92.8 (±14) 85.0 (±10.8)a 0.003

AC2, cm (mean/SD) 88.8 (±12.9)a,b 94.6 (±14.9) 86.8 (±11.5)a, 0.006

AC3, cm (mean/SD) 92.3 (±13.4)b,c,d,e 97.1 (±16.1) 90.6 (±12.0)b 0.061

AC4, cm (mean/SD) 95.2 (±13.8)c,d,e,f 98.5 (±16.9) 94.0 (±12.4)b,c 0.201

AC5, cm (mean/SD) 96.9 (±13.9)d,e,f 99.1 (±16.6) 96.1 (±12.8)c,d 0.321

AC6, cm (mean/SD) 97.4 (±13.8)e,f 99.3 (±16.7) 96.8 (±12.6)c,d,e 0.397

AC7, cm (mean/SD) 99.5 (±13.9)f 100.2 (±16.8) 99.3 (±12.9)d,e 0.765

p-value** <0.001 0.564 <0.001

*Student’s t-Test for independent samples. **One-way ANOVA. a,b,c,d,e,fDifferent letters mean statistical differences by the Bonferroni test. AC1: the narrower region between the iliac crest and the last 
rib; AC2: immediately below the bone landmark of the last rib; AC3: midpoint between the last rib and the iliac crest; AC4: 1 cm above the umbilical scar; AC5: at the umbilical scar level; AC6: 
immediately above the bone landmark of the iliac crest; AC7: in the region of largest abdominal circumference.

measurements measured in the upper abdomen, with the 
worse performance observed in the region with the largest 
abdominal circumference (AC7) (Table 4). 

Regarding the correlation between SAT and AC 
measurements, it was observed that the correlations were 
influenced by the region measured in men, with strong 
correlations being evidenced when the AC was evaluated 
in lower regions of the abdomen (r > 0.700; p < 0.001) 
and moderate correlations being evidenced when the 
AC was evaluated in the upper regions of the abdomen 
(r < 0.7; p < 0.001). In females, this difference was not 
detected and all measurements were strongly correlated, 
regardless of the positional parameter adopted in the 
measurement (r > 0.700; p < 0.001) (Table 4).

Correlations between VAT and SAT measurements 
and biochemical variables were more intensely 
expressed in men, with strong and inverse correlation 

being evidenced between the BMI and VAT 
measurements in the upper regions of the abdomen 
(VAT1 and VAT2) (r = -0.73 and r = -0.72; p < 0.05) 
and a strong positive correlation being evidenced 
between CRP and all three VAT measurements  
(r >0.7; p < 0.05). SAT was only moderately correlated 
with CRP and exclusively when measured in the region 
delimited at 1 cm above the umbilical scar (r = 0.64;  
p = 0.007). For women, most of the correlations 
found were moderate (Table 5).

There was no considerable superiority in the 
correlations between the means of AC and biochemical 
parameters when compared with the equivalent 
correlations of image measurements of VAT and SAT 
for both sexes. Likewise, relatively similar performances 
were observed between all correlations of AC 
measurements and biochemical variables (Table 6).
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Table 4. Pearson’s correlation (r) between three measurements of Visceral Adipose Tissue (VAT) and Subcutaneous Adipose Tissue (SAT) evaluated by 
ultrasound, with averages of abdominal circumference (AC) measured in seven anatomical sites in adult individuals, according to sex (n = 106)

Variables
Males

VAT1 VAT2 VAT3 SAT1 SAT2 SAT3

AC1 0.935* 0.914* 0.902* 0.672* 0.673* 0.677*

AC2 0.930* 0.916* 0.902* 0.691* 0.693* 0.699*

AC3 0.925* 0.909* 0.900* 0.695* 0.699* 0.703*

AC4 0.933* 0.917* 0.905* 0.703* 0.703* 0.706*

AC5 0.934* 0.918* 0.907* 0.704* 0.703* 0.707*

AC6 0.934* 0.916* 0.905* 0.715* 0.711* 0.716*

AC7 0.934* 0.919* 0.910* 0.710* 0.703* 0.707*

Variables
Females

VAT1 VAT2 VAT3 SAT1 SAT2 SAT3

AC1 0.834* 0.851* 0.815* 0.753* 0.744* 0.761*

AC2 0.833* 0.849* 0.818* 0.767* 0.757* 0.772*

AC3 0.848* 0.858* 0.827* 0.742* 0.751* 0.761*

AC4 0.807* 0.835* 0.783* 0.712* 0.756* 0.768*

AC5 0.821* 0.845* 0.800* 0.728* 0.759* 0.766*

AC6 0.828* 0.845* 0.816* 0.727* 0.749* 0.750*

AC7 0.773* 0.797* 0.749* 0.725* 0.762* 0.768*

*p < 0.001. AC1: the narrower region between the iliac crest and the last rib; AC2: immediately below the bone landmark of the last rib; AC3: midpoint between the last rib and the iliac crest; AC4: 
1 cm above the umbilical scar; AC5: at the umbilical scar level; AC6: immediately above the bone landmark of the iliac crest; AC7: in the region of largest abdominal circumference; VAT1: the 
narrower region between the iliac crest and the last rib; VAT2: the midpoint between the last rib and the iliac crest; VAT3: 1 cm above the umbilical scar; SAT1: the narrower region between the 
iliac crest and the last rib; SAT2: the midpoint between the last rib and the iliac crest; SAT3: 1 cm above the umbilical scar.

Table 5. Pearson’s (r) or Spearman’s (rho) correlation between three measurements of Visceral Adipose Tissue (VAT) and Subcutaneous Adipose Tissue 
(SAT) evaluated by ultrasound with biochemical parameters in adult individuals, according to sex.

Variables
Males (n = 17)

VAT1 VAT2 VAT3 SAT1 SAT2 SAT3

FPGb 0.123 0.123 0.096 -0.361 -0.056 -0.054

HbA1Cb 0.627* 0.669* 0.613* -0.367 -0.190 0.201

TGb 0.620* 0.627* 0.505* -0.258 -0.061 0.139

TCa 0.481* 0.500* 0.430 -0.110 -0.041 0.017

HDL-ca -0.729* -0.721* -0.673* -0.327 -0.381 0.348

LDL-ca 0.566* 0.544* 0.489* 0.047 0.092 0.132

CRPb 0.718* 0.753* 0.782** 0.212 0.456 0.643*

Variables
Females (n=62)

VAT1 VAT2 VAT3 SAT1 SAT2 SAT3

FPGb 0.224 0.311* 0.270* 0.205 0.170 0.208

HbA1Cb 0.333* 0.411* 0.381* 0.229 0.207 0.196

TGb 0.326* 0.332* 0.347* 0.256* 0.237 0.212

TCa 0.219 0.218 0.241 0.143 0.079 0.049

HDL-ca -0.362* -0.328* -0.336* -0.115 -0.166 -0.178

LDL-ca 0.267* 0.267* 0.289* 0.085 0.060 0.031

CRPb 0.279* 0.378* 0.261 0.250 0.265 0.234

*p < 0.05. **p < 0.001. aPearson’s correlation. bSpearman’s correlation. FPG: Fasting Plasma Glucose; HbA1C: glycated hemoglobin; TG: triglycerides; TC: total cholesterol; HDL-c: high-density 
lipoprotein; LDL-c: low-density lipoprotein; CRP: C-Reactive Protein; VAT1: the narrower region between the iliac crest and the last rib; VAT2: the midpoint between the last rib and the iliac crest; VAT3: 
1 cm above the umbilical scar; SAT1: the narrower region between the iliac crest and the last rib; SAT2: the midpoint between the last rib and the iliac crest; SAT3: 1 cm above the umbilical scar.
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For men, both HbA1C, TG, and HDL-c correlated 
moderately with all AC measurements, with a positive 
correlation being expressed by the variables HbA1c 
and TG (r > 0.60; p < 0.05 and r > 0.40; p < 0.05) 
and an inverse correlation being expressed by the 
variable HDL-c (r > -0.50; p < 0.05). CRP showed 
a strong correlation with all AC measurements (r > 
0.70; p < 0.05), with a slightly higher correlation when 
AC was measured in the region of largest abdominal 
circumference (r = 0.800; p < 0.001). For women, AC 
measurements in the upper abdomen expressed slightly 
higher correlations with biochemical parameters when 
compared to the AC measurements in other regions of 
the abdomen (Table 6).

DISCUSSION

The high intra- and inter-evaluator agreement identified 
during the evaluation of the reproducibility of VAT and 
SAT measurements obtained by USG confirms the 
good reproducibility of the method used as a reference 
standard in this study, reinforcing the potential of USG 
as a tracking tool for abdominal adiposity, expressing 
high accuracy and reproducibility. Despite this, it 
should be considered that CT and MRI are the gold 

standard methods for assessing intraabdominal fat 
(32,33). However, the applicability of these methods 
in clinical practice is limited, due to the high cost and 
unavailability of equipment. In this context, the USG 
has additional advantages, such as accessibility, low 
invasiveness, ease of execution (4), the possibility of 
scanning the abdominal region (5), and the ability to 
identify minimal changes in the abdominal adipose 
tissue compartments (34).

The difference found in the distribution pattern of 
the different abdominal adipose tissue compartments 
between men and women can be attributed to the 
biological constitution of each sex, which modulates 
how VAT and SAT are presented along the abdominal 
region (35). The tendency of males to have a higher 
level of VAT and the tendency of females to have a 
higher level of SAT has been previously reported by 
other researchers (9,35). 

When evaluating the correlation between VAT 
measurements by USG at different regions and VAT 
values obtained by Computed Tomography (CT) in 
304 Caucasian adults and elderly individuals of both 
sexes, researchers also highlighted that the VAT area 
was slightly larger in men than in women, while women 
presented a higher concentration of SAT (36).

Table 6. Pearson’s correlation (r) or Spearman’s (rho) correlation between averages of abdominal circumference (AC) measured in seven anatomical sites 
with biochemical parameters in adult individuals, according to sex 

Variables
Males (n = 17)

AC1 AC2 AC3 AC4 AC5 AC6 AC7

FPGb 0.054 0.034 0.051 0.048 0.064 0.039 0.027

HbA1Cb 0.641* 0.641* 0.655* 0.655* 0.655* 0.606* 0.606*

TGb 0.488* 0.498* 0.510* 0.504* 0.493* 0.495* 0.488*

TCa 0.249 0.269 0.255 0.265 0.283 0.280 0.276

HDL-ca -0.575* -0.566* -0.556* -0.578* -0.577* -0.572* -0.563*

LDL-ca 0.377 0.397 0.376 0.391 0.403 0.404 0.396

CRPb 0.735* 0.735* 0.756* 0.758* 0.785** 0.788** 0.800**

Variables
 Females (n=62)

AC1 AC2 AC3 AC4 AC5 AC6 AC7

FPGb 0.236 0.231 0.191 0.181 0.190 0.193 0.200

HbA1Cb 0.320* 0.327* 0.301* 0.261 0.280* 0.281* 0.291*

TGb 0.341* 0.323* 0.308* 0.258* 0.278* 0.271* 0.297*

TCa 0.145 0.146 0.139 0.121 0.120 0.115 0.104

HDL-ca -0.338* -0.324* -0.318* -0.310* -0.295* -0.299* -0.292*

LDL-ca 0.166 0.163 0.163 0.168 0.150 0.146 0.132

CRPb 0.380* 0.350* 0.323* 0.326* 0.338* 0.313* 0.331*

*p < 0.05. **p < 0.001. aPearson’s correlation. bSpearman’s correlation. FPG: Fasting Plasma Glucose; HbA1C: glycated hemoglobin; TG: triglycerides; TC: total cholesterol; HDL-c: high-density 
lipoprotein; LDL-c: low-density lipoprotein; CRP: C-Reactive Protein; AC1: the narrower region between the iliac crest and the last rib; AC2: immediately below the bone landmark of the last rib; AC3: 
midpoint between the last rib and the iliac crest; AC4: 1 cm above the umbilical scar; AC5: at the umbilical scar level; AC6: immediately above the bone landmark of the iliac crest; AC7: in the region 
of largest abdominal circumference.
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The particularities in the distribution pattern of 
adipose tissue according to sex help to explain the 
increased cardiometabolic risk associated with males 
(35) and reinforce the importance of investigating the 
distribution of different adipose compartments rather 
than evaluating only general adiposity. 

In the literature, many studies seek to standardize the 
positional parameters for obtaining AC by evaluating 
the correlation of different anatomical sites with VAT 
values. However, few so far have performed a scan of 
the abdominal region with an imaging method to better 
evaluate and understand the how the intra-abdominal 
adipose tissues are organized along the abdomen. 

The results showed that for men, correlations 
between VAT and AC measurements remained strong 
regardless of the measurement site, which can be 
explained by the uniformity of adipose disposition along 
the abdomen in this sex. For women, the correlations 
varied according to the measurement site, with better 
performances of AC measurements in the upper 
abdomen, where the smallest abdominal perimeters 
were observed, reinforcing that this region is more 
sensitive to evaluate visceral fat and more appropriate 
for tracking cardiometabolic risk in females.

Seimon and cols. (10) similarly found strong 
correlations between VAT measured by magnetic 
resonance (MR) and AC measured at the region 
corresponding to the smaller waist and at the midpoint 
between the last rib and the iliac crest in obese women, 
besides finding weak correlation between VAT and 
AC measured at umbilical level. The researchers also 
highlighted additional advantages of measuring the 
region corresponding to the smaller waist, such as 
greater ease and speed in execution. 

The correlations found between VAT and the 
biochemical variables included, except for plasma 
glucose, can be explained by the fact that the 
accumulation of oxidation products of free fatty acids 
and the presence of inflammatory mediators in tissues 
adjacent to the portal circulation dysregulate the lipid 
profile, increasing in serum triglycerides and LDL, 
as well as reducing HDL levels, besides favoring the 
occurrence of insulin resistance and the production of 
inflammatory biomarkers, such as CRP, which lead to 
the dysregulation of metabolic homeostasis, favoring 
cardiometabolic complications (2,37). 

As in the present study, Bellan and cols. (38) 
evaluated the association between the VAT measured 
by USG and cardiometabolic risk variables, finding a 

strong and direct correlation of VAT with fasting and 
2-h plasma glucose (r = 0.26, p < 0.001; r = 0.28,  
p < 0.0001, respectively), fasting and 2-h plasma 
insulin (r = 0.41, p < 0.0001 for both), homeostatic 
model assessment for insulin resistance (HOMA-IR;  
r = 0.42, p < 0.0001), Framingham cardiovascular score  
(r = 0.44, p < 0.0001), and vascular age (r = 0.30,  
p < 0.001).

A cohort of Chinese adults who also sought to 
evaluate the association of VAT with metabolic risk 
factors found a strong correlation of VAT with higher 
blood pressure (βmen = 3.99, P = 0.0002; βwomen = 
6.46, P = 0.0002), higher triglycerides (βmen = 0.45, 
P < 0.0001; βwomen = 0.6, P < 0.0001), higher total 
cholesterol (βmen = 0.15, P = 0.02; βwomen = 0.37, P 
= 0.0002), and higher 2-h glucose levels (βmen = 0.68, 
P = 0.003; βwomen = 0.94, P < 0.0001) (39). 

With regard to cardiometabolic complications, 
several investigations have indicated an association of 
VAT with increased risk of diabetes and prediabetes 
(39,40), dyslipidemias (39), hypertension (39), 
cardiovascular diseases (41), metabolic syndrome (42), 
nonalcoholic fatty liver disease (43), polycystic ovary 
syndrome (44), and other diseases. 

Among men, the VAT measured in the upper 
abdominal regions showed significant correlations 
with all biochemical parameters except for fasting 
glucose, which reinforces the superiority of this 
region in predicting cardiometabolic alterations. The 
AC measurements in the upper abdomen expressed 
correlations with the biochemical parameters, presenting 
a slightly better performance when compared to the 
AC measurements in other regions of the abdomen for 
women.

Similar results were reported by Pinho and cols. (9), 
who reported that the AC measurements in the upper 
abdomen, especially in the smaller waist, were correlated 
with a greater amount of biochemical parameters when 
compared to the AC measurements in other regions of 
the abdomen.

The results found reinforce the role played by 
doubly indirect inference methods, specifically the 
AC measurement, in the prediction of VAT and 
cardiometabolic alterations, besides highlighting 
the relevance of AC measured in the smaller waist 
circumference. Thus, its use is suggested, as it is capable 
of providing useful estimates of the visceral adipose 
tissue content and of cardiometabolic risk. In addition, 
the use of an alternative, simple, accessible, and 
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effective instrument for predicting VAT values enables 
the identification and early action in conditions related 
to the abnormal distribution of body fat that leads to 
health complications (12). 

Some limitations need to be considered when 
interpreting the results presented. Participants were 
selected by voluntary adherence and a random sample 
was not used. The small number of participants and 
the heterogeneous distribution of the sample between 
men and women may limit the statistical power of the 
study and compromise its external validity. The isolated 
use of C-reactive protein to evaluate the inflammatory 
profile is also a limitation due to the nonspecificity of 
this parameter. In addition, it should be considered 
that a gold standard method was not adopted for the 
evaluations carried out in this investigation.

The prior evaluation of the calibration of the 
ultrasound procedure by intra- and inter-evaluators 
for the analysis of different adipose compartments, 
as well as the use of a non-invasive imaging method 
capable of performing a scan of the abdominal region 
and evaluating the performance of different anatomical 
sites in the abdominal region, are important aspects to 
be highlighted in this study.

In conclusion, this study showed that the pattern 
of abdominal fat distribution differed between sexes. 
Women concentrate more VAT in the abdominal 
region, delimited in the smaller waist circumference, 
while men concentrate VAT uniformly along the 
abdomen. The correlations between VAT measured by 
USG and cardiometabolic parameters were relatively 
stronger in the upper regions of the abdomen, which 
reinforces the superiority of this region in predicting 
cardiometabolic alterations in both sexes. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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