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Abstract

Objective: To evaluate the association between inflammatory markers and abdominal fat

assessed by ultrasound in prepubertal children with and without excess weight.

Methods: A cross-sectional study involving 241 prepubertal children, 156 with obesity, 37 with

overweight, and 48 with normal weight, aged five to ten years, who were followed at a research

unit on Childhood Obesity from a teaching hospital belonging to a public health system. The con-

centration of interleukin-6, tumor necrosis factor-a and C-reactive protein were assessed and

regression analyses, considering outcome variables such as abdominal wall and intra-abdominal

fat thickness measured by ultrasound, were performed.

Results: The findings highlighted an association between abdominal fat and inflammatory

markers, even in children at this young age group. Subcutaneous fat showed a stronger associa-

tion with inflammatory biomarkers compared to intra-abdominal fat when performing logistic
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regression, with a positive association between tumor necrosis factor-a and abdominal wall

thickness equal to or greater than the 75th percentile in adjusted logistic regression (OR: 18.12;

CI 95 %: 1.57: 209.55).

Conclusions: Abdominal wall fat, in contrast to what is often observed in adults, appears to have

a greater impact on chronic inflammation related to excessive weight in very young children.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The prevalence of childhood obesity has increased signifi-
cantly in recent decades.1 A 2019 Brazilian report indicated
that one-third of children between five and nine years of
age had excessive weight.2 The 2023 World Obesity Atlas
suggests that global expenditure caused by excess weight,
directly and indirectly, will exceed 4 trillion dollars in 2035,
which corresponds to around 3% of global gross domestic
product.3 Previous studies have demonstrated an association
between childhood excess weight and cardiovascular risk,4

and that the atherosclerotic process begins in the early years
of life.5 A longitudinal study that evaluated the associations
between cardiovascular biomarkers and metabolic syndrome
during puberty showed adolescent individuals with meta-
bolic syndrome already had several altered markers when
prepubertal, such as body mass index (BMI) Z score, waist
circumference, insulin, homeostasis model assessment for
insulin resistance (HOMA-IR) and leptin, unlike those without
metabolic syndrome, highlighting the importance of the pre-
pubertal period in relation to future comorbidities.6 Thus,
identifying cardiovascular risk markers in children with
excess weight becomes essential for future cardiovascular
disease prevention. Among the non-classical markers,
inflammatory biomarkers stand out.

Obesity has been associated with a state of low-grade
chronic systemic inflammation, with interleukin-6 (IL-6),
interleukin-1, interleukin-8, and tumor necrosis factor-a
(TNF-a) playing an important role and resulting in eleva-
tions of acute-phase proteins such as C-reactive protein
(CRP).7

In vitro and in vivo studies have already shown the ability
of IL-6 to induce insulin resistance. High levels of IL-6 are
considered risk factors for metabolic syndrome as they cause
lipid and vascular changes that accompany insulin resis-
tance.8 IL-6 promotes a reduction in the activity of lipopro-
tein lipase, and in turn, generates an increase in the flow of
fatty acids to the liver.9

TNF-a also has a positive correlation with obesity and
modulates leptin,10 as well as stimulates the production of
IL-6 and CRP.8 It is a multifunctional inflammatory cytokine
secreted by adipocytes, neutrophils, lymphocytes and mac-
rophages, and affects lipid metabolism, coagulation, endo-
thelial function and generates insulin resistance.11

CRP is an acute phase reagent produced by the liver and
identified as a sensitive marker of inflammation, also acting
as a mediator of cardiometabolic disease.12 A previous study
has also demonstrated the strong association of elevated
CRP with increased adipose tissue in humans, even in child-
hood, and with insulin resistance.8 Chronic elevation of CRP
plays an important role in the arteriosclerosis process and
the development of cardiovascular diseases by impairing

endothelial function resulting in the thickening of the intima
media.13

There are different types of body fat deposits. The main
ones are abdominal subcutaneous fat, visceral fat, gluteofe-
moral subcutaneous fat and intramuscular fat. In adults,
abdominal fat, especially visceral fat, is more closely associ-
ated with inflammatory markers,14 and consequently with
increased cardiovascular risk, as it releases more inflamma-
tory cytokines per gram of tissue.8

However, there are few studies focusing on body fat dis-
tribution in children and its link with inflammation, espe-
cially in prepubertals. This age group is of particular interest
due to the increased opportunity for preventive interven-
tions.

Furthermore, excess body adiposity can be assessed
through anthropometric measurements and imaging tests.
Imaging tests can better assess the distribution of body fat,
including computed tomography, magnetic resonance imag-
ing, dual-energy X-ray absorptiometry and ultrasound.
Ultrasonography has the advantage of being a quick, lower-
cost exam and does not involve ionizing radiation. Existing
data in the literature point to promising perspectives for the
use of ultrasound in determining body composition in differ-
ent areas and clinical situations, with ultrasound proving to
be a method with potential practical application in the
clinic.15

Methods

The purpose of this study was to examine the association
between abdominal wall thickness (AWT) and intra-abdomi-
nal fat thickness (IAFT) measured by ultrasound and the
inflammatory markers, IL-6, CRP, TNF-a in prepubertal chil-
dren.

This cross-sectional study involved a convenience sample
of 241 children: 156 with obesity, 37 with overweight, and
48 with normal weight, based on the World Health Organiza-
tion definition,16 all recruited from the Pediatrics Ambula-
tory of the same institution between 2008 and 2023. During
this period, 507 individuals were initially recruited, of which
241 met the inclusion criteria and had the data studied in
this research. The study was approved by the institution’s
Research Ethics Committee, CAAE protocol number:
51457721.5.0000.5259.

Children included in the study were between five and ten
years old, either with excess weight or of normal weight,
prepubertal, and whose guardians have agreed to partici-
pate in the research by signing the written informed consent
form after the project was explained to them. Puberty
assessment was conducted by pediatric endocrinologists,
defining prepubertal patients using Tanner 1 stage.17
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Exclusion criteria included the presence of comorbidities
and or the regular use of medication that could influence
the assessment of studied parameters.

Weight was assessed using a Filizola scale (Filizola, S~ao
Paulo, SP, Brazil) with a resolution of 100 g, and height was
measured using a wall-mounted stadiometer (Tonelli, Cri-
ci�uma, SC, Brazil) with a resolution of 1 mm. Children were
weighed and measured using light clothing and without
shoes.

Waist circumference (WC) was measured on undressed
children, midway between the lower border of the last
rib and the iliac crest,18 taken at the end of a normal
exhalation using a Gulik measuring tape (Cardiomed,
Curitiba, PR, Brazil). The waist circumference to height
ratio (WC/Ht) ratio was calculated by dividing the WC by
the patient’s height.

AWTand IAFTwere measured via ultrasound by an experi-
enced radiologist. For measurements, the child laid supine
with the transducer placed about 2 cm above the umbilical
scar, all readings were taken in the axial plane without
transducer pressure on the abdomen. AWT was defined as
the distance between skin and linea alba, and IAFT as the
distance from the posterior face of linea alba to the anterior
wall of the aorta. Both measurements utilized an Aplio XG
ultrasound machine, model SSA-790A (Toshiba Medical Sys-
tems, Tokyo, Japan) with a 3.5 MHz convex transducer for
IAFT measurement and a 12 MHz linear transducer for AWT.
No prior preparation for the exam was required. The choice
of ultrasound as the imaging method was due to its non-ion-
izing radiation, lower cost, quick execution, no need for
sedation, and its good correlations with computed
tomography.19,20 Based on these measurements children
were divided into groups. The 75th percentile (P75) was
used as a cutoff point. This cutoff was chosen aiming to eval-
uate the last quartile of AWT and IAFT measurements, seek-
ing the association between the highest values of these
measurements and the markers studied. The group of chil-
dren with AWTequal to or greater than the P75 was denomi-
nated AWT � P75 and the group with children with IAFT
equal to or greater than the P75 was denominated IAFT �

P75.
For assessment of inflammatory and metabolic markers

in serum, children needed to be free from any acute dis-
ease at the time of collection and were asked to fast for
12 h. All evaluations were taken at the institution’s labo-
ratories.

Circulating serum levels of IL-6 were determined using an
immunoassay method with Roche kits (Roche, Basel, Swit-
zerland) on serum.

Serum concentrations of CRP, TNF-a, adiponectin, and
leptin were evaluated using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems (Min-
neapolis, MN, USA)) and performed according to directions
provided by the kit’s manufacturer.

For CRP, results > 7.163 mg/mL were excluded for
exceeding the last standard of the curve, and for TNF-a, val-
ues < 0.156 pg/mL were discarded for being below the
curve’s lowest value.

Fasting glucose, high-density lipoprotein cholesterol
(HDL-c), and triglycerides (TG) blood concentrations were
evaluated on Konelab equipment with a BT 3000 Winer kit
(Winterlab, Rosario, Santa Fe, Argentina), utilizing the

GOD-PAP (oxidase) enzymatic method for glucose and TG
and the non-precipitation colorimetric enzymatic method
for HDL-c.

Blood insulin levels were assessed using a kit employing
electrochemiluminescence method (Roche, Basel, Switzer-
land) and processed on Cobas e601 equipment. HOMA-IR was
subsequently calculated.21

Data collected were analyzed using the R-Project 4.2.1
software (Free Software Foundation, Boston, MA, USA).

Continuous variables studied were: age (years), WC/Ht,
AWTand IAFT (mm), IL-6 (pg/mL), CRP (mg/mL), TNF-a (pg/
mL), HDL-c (mg/dL), TG (mg/dL), HOMA-IR, leptin (ng/dL),
and adiponectin (mg/mL). Categorical variables included:
gender, AWT � P75, and IAFT � P75. Age, gender, WC/Ht,
HDL-c, TG, HOMA-IR, leptin, and adiponectin were also
assessed as potential confounders.

Initially, it was observed whether the distribution of con-
tinuous variables followed a normal distribution or not using
the Shapiro-Wilk test. The appropriate method of descrip-
tion and analysis was chosen for continuous and categorical
variables, as well as for association analyses.

Medians, first quartile and third quartile of continuous
variables were then calculated, as well as the absolute and
relative frequencies of categorical variables in the descrip-
tive analysis.

Considering that AWT and IAFT did not present a normal
distribution, non-parametric regression models were used to
evaluate the association between these outcome variables
and the other variables. Median-based linear models (Ken-
dall-Theil Sen Siegel) were used with the calculation of the
regression coefficient and 95% confidence interval to evalu-
ate the simple association of predictors in relation to out-
comes.

Simple and adjusted logistic regression models were also
used, with AWT � P75 and IAFT � P75 as separate outcome
variables. For adjusted logistic regression analysis, the fol-
lowing independent variables were considered: age, WC/Ht,
IL-6, CRP, TNF-a, leptin, adiponectin, TG, HDL-c, and HOMA-
IR. Statistical significance was considered when p-value <

0.05.

Results

All continuous variables studied showed non-normal distri-
bution. Therefore, the median and its quartiles were consid-
ered for the descriptive analysis. The frequencies of
categorical variables were also calculated. Table 1 presents
the medians of the entire group and Table 2 presents the
demographic characteristics of the entire sample and of
each sample of individuals according to their weight.

In the simple analysis with AWT as the outcome variable,
only sex did not show a significant result. When IAFT was
taken as the outcome variable, all independent variables
exhibited statistical significance as demonstrated in Table 3.

In both simple analysis models with either AWT or IAFT as
the dependent variable, a higher regression coefficient was
observed for inflammatory biomarkers, especially for TNF-a,
compared to metabolic data and other adipokines.

For IL-6 and CRP, a higher coefficient was observed in the
analysis with IAFT as the dependent variable, and for TNF-a
that was found with AWT, as shown in Table 3.
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A total of 51 individuals presented AWT � P75 and 57 indi-
viduals presented IAFT � P75. 24 individuals presented only
AWT � P75, 30 individuals presented only IAFT � P75 and 27
individuals presented AWTand IAFT � P75.

In the simple logistic regression with the outcome vari-
able being AWT � P75, there was a positive association with
WC/Ht, HOMA-IR and TNF-a, and a negative one with adipo-
nectin. Among the evaluated markers, TNF-a exhibited the
highest Odds Ratio (OR). In adjusted logistic regression, both
WC/Ht and TNF-a maintained a positive association, with
the OR for TNF-a being even higher. Age also showed a posi-
tive association.

For the simple logistic regression with the outcome vari-
able being IAFT � P75, both WC/Ht and TNF-a showed a pos-
itive association and adiponectin a negative one. In the
adjusted logistic regression, only WC/Ht showed a positive
association, as Table 4 demonstrates.

Discussion

This study demonstrated an association between increased
abdominal fat measured by ultrasonography and inflammation

in prepubertal children. It was observed that increased
abdominal fat was more associated with inflammatory
markers than with metabolic parameters, except for HOMA-
IR.

The relationship between increased AWT and inflamma-
tion was also observed in both simple and adjusted logistic
regressions. The simple model displayed a stronger positive
association between increased AWT and TNF-a (OR: 14.77)
than the association between increased IAFTand TNF-a (OR:
4.66). In the adjusted analysis, the association between the
outcome variable IAFT � P75 and TNF-a lost statistical sig-
nificance, emphasizing once more that, in this sample of
children, subcutaneous fat is more related to inflammation
than intra-abdominal fat.

Several studies have evaluated inflammation and abdomi-
nal fat in children and adolescents, revealing a relationship
between increased central adiposity and inflammatory
markers.22,23 Multiple studies have also explored abdominal
and non-abdominal fat deposits. However, few studies have
investigated inflammation and its relationship with abdomi-
nal fat deposits measured by imaging tests, in individuals
both with and without excessive weight, particularly in pre-
pubertal children, with conflicting results, as it is going to
be discussed.

Pou and colleagues found that, in adults, excess adiposity
was associated with systemic inflammation. In the Framing-
ham study involving adult participants, inflammatory
markers and their relationships with subcutaneous and vis-
ceral fat were assessed using computed tomography. The
results indicated that increases in subcutaneous and visceral
fat were similarly related to CRP (Pearson correlation coeffi-
cients: 0.45 and 0.47 in women and 0.30 and 0.33 in men),
IL-6 (Pearson: 0.23 and 0.23), and TNF-a (Pearson: 0.05 and
0.06).24

A review by Hermsdorf and Monteiro concluded that TNF-
a, IL-6, and CRP are secreted in larger amounts by visceral
fat, especially when analyzing adult obese individuals. This
phenomenon was related to the total increased fat accumu-
lation in visceral tissue and not the adipocyte size itself.
Abdominal subcutaneous tissue showed intermediate cyto-
kine expression compared to visceral and gluteo-femoral
subcutaneous tissues.25

In a study of obese adolescents using dual-energy X-ray
absorptiometry for fat measurement, a relationship was
found between increased visceral and subcutaneous fats and
CRP (Spearman correlation coefficients: 0.45 and 0.47,
respectively).26

Moss and colleagues studied individuals between 12 and
23 years of age with severe obesity and evaluated the rela-
tionship between intra-abdominal fat measured by ultra-
sound and metabolic and inflammatory markers. A positive
association was observed between IL-6 and intra-abdominal

Table 1 Descriptive analysis of outcome variables, anthro-

pometric, metabolic variables and inflammatory markers/

adipokines in the total sample.

Variables Median (1st � 3rd

quartiles)

Anthropometric

WC/ Ht 0.56 (0.49 - 0.61)

Metabolic

HDL-c (mg/dL) 44.98 (38.00 - 51.00)

TG (mg/dL) 85.00 (61.00 - 122.00)

HOMA-IR 1.82 (1.00 - 3.20)

Inflammatory markers/ Adipokines

IL-6 (pg/mL) 2.47 (1.50 - 3.91)

CRP (mg/mL) 1.84 (0.90 - 3.63)

TNF-a (pg/mL) 0.92 (0.70 - 1.24)

Adiponectin (mg/mL) 9.09 (6.04 - 12.56)

Leptin (ng/dL) 13.73 (5.45 - 23.74)

Outcomes (US analysis)

AWT (mm) 18.90 (10.6 - 24.2)

IAFT (mm) 38.40 (28.9 - 47.7)

AWT, abdominal wall thickness; IAFT, intra-abdominal fat thick-
ness; WC/Ht, waist circumference to height ratio; HDL-c, high-

density lipoprotein cholesterol; TG, triglycerides; HOMA-IR,

homeostasis model assessment for insulin resistance; IL-6, inter-

leukin-6; CRP, C-reactive protein; TNF-a, tumor necrosis factor-a.

Table 2 Demographic profile of the total sample.

Variables Obese Overweight Normal weight Total sample

Median of age (years)

(1st - 3rd quartiles)

8.08 (6.73 - 8.98) 8.16 (7.10 - 9.75) 8.00 (7.00 - 8.82) 8.00 (6.83 - 9.06)

Sex% (N) Female: 44.87 (70) Female: 54.05 (20) Female: 52.08 (25) Female: 47.72 (115)

Male: 55.13 (86) Male: 45.95 (17) Male: 47.92 (23) Male: 52.28 (126)
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fat in both females and males (regression coefficients: 0.31
and 0.45, respectively) and between CRP and intra-abdomi-
nal fat (regression coefficient: 0.38),27 indicating that the
association of intra-abdominal fat with inflammatory
markers is present after puberty.

The present study found different results when compar-
ing the association of intra-abdominal and subcutaneous fat
to the inflammatory markers, probably due to the younger
age of the studied population.

In this study, the cutoff point for AWT and IAFT, used in
the logistic regression, was P75, as there are no cutoff points
established in the literature for these measurements in pre-
pubertal children. A study that evaluated IAFT and its rela-
tionship with metabolic syndrome in adolescents
demonstrated that the 95th percentile showed the highest
strength of association with the occurrence of metabolic
syndrome and a higher specificity value.28 However, this
article did not evaluate inflammatory markers.

In a previous study within the same group of researchers,
in which both AWT and IAFT were assessed by ultrasound in
prepubertal children, it was observed that there was a
greater increase in AWT and not in IAFTwith the increase in
BMI Z-score, which may explain the greater role of this fat in
inflammation.29 With more accumulation of IAFT over a life-
time, it would start having a greater influence on inflamma-
tion than the former one as individuals age.

Similar to results found in the present study, another one
with a population of prepubertal children with and without
excess weight, analyzed the relationship between abdomi-
nal fat measured by magnetic resonance imaging and inflam-
matory cytokines, and found a relationship between

subcutaneous abdominal fat and TNF-a (regression coeffi-
cient: 0.3895, p: 0.0367), without any relationship with vis-
ceral fat.30

This corroborates the concept that in younger individuals
the association of subcutaneous fat with inflammatory
markers is stronger than with intra-abdominal one. Probably
after puberty that changes.

The main limitation of this study was the absence of cut-
off points for abdominal fat measurements assessed by ultra-
sound and for the inflammatory cytokines themselves, which
prevents further conclusions from being drawn from the
findings. However, the measurements assessed through
ultrasound were calculated using a device operated by a
radiologist with extensive experience in ultrasound.

Another limitation was that the study sample was of con-
venience, therefore, its results must be applied or extrapo-
lated with caution to other groups of children.

Few studies evaluate inflammation and abdominal fat
assessed by imaging tests exclusively in prepubertal chil-
dren. The current one uniquely evaluates inflammatory bio-
markers in a sample of children, with and without excess
weight, in the prepubertal stage, an age range of particular
interest for its high potential for prevention and treatment
of obesity and its comorbidities, and their associations with
abdominal fat measured by ultrasound, a more feasible test
in pediatrics.

The importance of this study is that it indicates that in
prepubertal children there is a stronger association between
inflammatory markers and AWT than when compared to
IAFT, a result that is opposite to the one found in adults and
adolescents.

Table 3 Simple analysis of predictors in relation to abdominal wall thickness and to intra-abdominal fat thickness.a

Variables AWT IAFT

Regression

coefficient

CI 95 % P- value Regression

coefficient

CI 95 % P-value

Demographic

Age 2.09 1.65 : 2.47 0.0001 2.03 1.41 : 2.57 0.0001

Sex

Female 0 0

Male 0.40 �0.38 : 0.29 0.93 3.40 1.30 : 5.05 0.001

Anthropometric

WC/ Ht 97.88 94.25 : 102.11 0.0001 110.74 103.13 : 117.47 0.0001

Metabolic

HDL-c �0.21 �0.25 : �0.13 0.0001 �0.12 �0.20 : �0.23 0.0001

TG 0.11 0.09 : 0.11 0.0001 0.11 0.09 : 0.14 0.0001

HOMA-IR 3.47 3.37 : 4.00 0.0001 3.64 3.32 : 4.22 0.0001

Inflammatory markers/ Adipokines

IL-6 1.89 1.50 : 2.36 0.0001 2.14 1.85 : 3.02 0.0001

CRP 2.56 2.29 : 2.92 0.0001 2.65 2.05 : 3.10 0.0001

TNF-a 10.69 8.96 : 13.56 0.0001 7.62 5.34 : 11.06 0.0001

Adiponectin �0.87 �1.00 : �0.75 0.0001 �1.14 �1.34 : - 1.03 0.0001

Leptin 0.69 0.65 : 0.74 0.0001 0.60 0.53 : 0.66 0.0001

AWT, abdominal wall thickness; IAFT, intra-abdominal fat thickness; CI, confidence interval; WC/Ht, waist circumference to height ratio;

HDL-c, high-density lipoprotein cholesterol; TG, triglycerides; HOMA-IR, homeostasis model assessment for insulin resistance; IL-6, inter-

leukin-6; CRP, C-reactive protein; TNF-a, tumor necrosis factor-a.
a Median-based linear models were used for simple analysis.
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Table 4 Crude and adjusted effect of the predictors and abdominal wall thickness greater than or equal to 75th percentile and intra-abdominal fat thickness greater than or

equal to 75th percentile.a,b

AWT IAFT

Variables Crude

OR

CI 95 % Adjusted

OR

CI 95 % p-value Crude

OR

CI 95 % AdjustedOR CI 95 % p-value

Demographic

Age 1.22 0.87:1.71 1.80 1.03:3.15 0.039 1.15 0.81:1.62 1.43 0.89:2.29 0.141

Anthropometric

WC/Ht 1.55£1011 4.00£105 :

5.98£1016
4.99£1010 1,70£102:

1.47£1019
0.013 5.82£108 8.74£103 :

3.89£1013
3.38£1011 2.29£104 :

5.00£1018
0.002

Metabolic

HDL- c 0.97 0.92:1.02 0.97 0.90:1.05 0.458 0.99 0.94:1.04 1.01 0.95:1.08 0.702

TG 1.01 1.00:1.02 1.00 0.99:1.01 0.580 1.01 1.00:1.01 1.00 0.99:1.01 0.955

HOMA-IR 1.83 1.24:2.70 1.32 0.76:2.29 0.327 1.28 0.94:1.74 0.84 0.51:1.41 0.418

Inflammatory markers/ Adipokines

IL- 6 1.00 0.83:1.21 1.21 0.88:1.66 0.241 1.00 0.83:1.21 1.07 0.81:1.41 0.641

CRP 1.31 0.96:1.78 0.99 0.59:1.66 0.963 1.19 0.87:1.62 0.84 0.51:1.40 0.501

TNF- a 14.77 2.81:77.51 18.12 1.57:209.55 0.020 4.66 1.07:20.36 3.77 0.60:23.50 0.156

Adiponectin 0.76 0.64:0.91 0.91 0.72:2.29 0.449 0.85 0.74:0.99 0.98 0.83:1.16 0.787

Leptin 1.04 1.00:1.07 0.97 0.9:1.05 0.440 1.02 0.99:1.05 0.98 0.92:1.04 0.459

AWT, abdominal wall thickness; IAFT, intra-abdominal fat thickness; OR, odds-ratio; CI, confidence Interval; WC/Ht, waist circumference to height ratio; HDL-c, high-density lipoprotein cho-

lesterol; TG, triglycerides; HOMA-IR, homeostasis model assessment for insulin resistance; IL-6, interleukin-6; CRP, C-reactive protein; TNF-a, tumor necrosis factor a.
a At the adjusted model, the following independent variables were considered: age, WC/Ht, IL-6, CRP, TNF-a, leptin, adiponectin, TG, HDL-c and HOMA-IR.
b Logistic regression models were used for the analysis.
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The importance of puberty and pubertal hormones in the
effects of fat distribution on inflammatory markers should
be better investigated.
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