
Rev Med Minas Gerais 2025; 35: e-35118

Relationship between pediatric visceral adiposity index and 
cardiometabolic risk in Brazilian adolescents

Petrina Rezende de Souza1 , João Victor Mota Pereira1 , Nathália Nogueira Leite2 , Patrícia Feliciano Pereira3

Introduction: Visceral obesity is a global challenge and is linked 
to significant metabolic complications. This condition is known 
to be observed during childhood and adolescence but may extend 
into adulthood. Thus, establishing measures for early identification 
of individuals at risk is of great interest in public health. Objective: 
To evaluate the association of the Pediatric Visceral Adiposity Index 
(Pediatric VAI) with cardiometabolic markers in adolescents. Methods: 
This is a cross-sectional study conducted with 671 adolescents aged 10 
to 19 years (n=353 girls) from public and private schools in the city 
of Viçosa, Minas Gerais. A questionnaire was administered to assess 
sociodemographic and behavioral variables. Anthropometric assessments 
(weight, height, BMI, and waist circumference) and body composition, 
using dual-energy X-ray absorptiometry (DEXA), were performed. The 
cardiometabolic parameters evaluated were glucose, insulin, insulin 
resistance (HOMA-IR), total cholesterol and its fractions (LDL and 
HDL), triglycerides, uric acid, and leukocytes. Systolic (SBP) and diastolic 
(DBP) blood pressure were measured. Multivariate linear regression 
analyses, stratified by sex, were performed to assess the predictive capacity 
of metabolic alterations by the Pediatric VAI. The study was approved 
by the Human Research Ethics Committee of the Federal University 
of Viçosa (Ref. No. 674.045/2014). Results: Pediatric VAI showed a 
positive linear correlation with glucose, insulin, HOMA-IR, uric acid, 
leukocytes, SBP, and DBP for both sexes (p<0.05). Additionally, Pediatric 
VAI values were significantly higher in those with a greater number of 
alterations in the components of metabolic syndrome compared to 
those without alterations (p<0.001). Pediatric VAI was associated with 
insulin resistance (β=0.2060017; p<0.001) and uric acid (β=0.0959677; 
p=0.026) in girls, and with uric acid (β=0.1006545; p<0.001) in boys. 
Conclusion: Pediatric VAI is associated with cardiometabolic markers 
in adolescents. Further studies should be conducted to clarify its utility 
in pediatric clinical practice.
Keywords: Visceral adiposity index; Abdominal obesity; Metabolic 
syndrome; Adolescence; Pediatric visceral obesity.

ABSTRACT

Relação do índice de adiposidade visceral pediátrico com o risco cardiometabólico em 
adolescentes brasileiros
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Introduction

Obesity is defined as the abnormal or excessive 
accumulation of fat that poses health risks1. Global estimates 
reveal that more than 340 million children and adolescents 
aged 5 to 19 are overweight or obese2. This condition is 
concerning, especially among individuals in early age groups 
with fat accumulation, who tend to remain in this state 
into adulthood3,4, thereby increasing cardiovascular disease 
(CVD) mortality at that stage5.

Introdução: A obesidade visceral é um desafio enfrentado em todo o 
mundo e está relacionada com importantes complicações metabólicas. 
Sabe-se que essa condição é observada durante a infância e a adolescência, 
no entanto, pode se estender até a vida adulta. Sendo assim, estabelecer 
medidas para identificação precoce de indivíduos em risco é de grande 
interesse no âmbito da saúde pública. Objetivo: Avaliar a associação 
do Índice de Adiposidade Visceral Pediátrico (IAV Pediátrico) com 
marcadores cardiometabólicos em adolescentes. Métodos: Trata-se 
de um estudo transversal realizado com 671 adolescentes de 10 a 19 
anos (n=353 meninas), das escolas públicas e privadas do município 
de Viçosa, Minas Gerais. Foi aplicado um questionário para verificar 
variáveis sociodemográficas e comportamentais. Foi feita avaliação 
antropométrica (peso, altura, IMC e perímetro da cintura) e da 
composição corporal pela absorciometria de raios-x de dupla energia 
(DEXA). Os parâmetros cardiometabólicos avaliados foram glicemia, 
insulina, resistência à insulina (HOMA-IR), colesterol total e frações 
(LDL e HDL), triglicerídeos, ácido úrico e leucócitos. Foi aferida a 
pressão arterial sistólica (PAS) e diastólica (PAD). Análises de regressão 
linear multivariada, específicas por sexo, foram realizadas para avaliar a 
capacidade de predição de alterações metabólicas pelo IAV pediátrico. 
O estudo foi aprovado pelo Comitê de Ética em Pesquisas com Seres 
Humanos da Universidade Federal de Viçosa (Ref. Nº 674.045 / 2014). 
Resultados: O IAV Pediátrico apresentou correlação linear positiva com 
glicemia, insulina, HOMA-IR, ácido úrico, leucócitos, PAS e PAD para 
ambos os sexos (p<0,05). Ainda, os valores do IAV Pediátrico foram 
significativamente maiores naqueles com maior número de alterações 
nos componentes da síndrome metabólica, em comparação àqueles sem 
alteração (p<0,001). O IAV foi associado à resistência à insulina (β = 
0,2060017; p<0,001) e ácido úrico (β = 0,0959677; p=0,026) nas meninas 
e ao ácido úrico (β = 0,1006545; p<0,001) nos meninos. Conclusão: 
O IAV pediátrico está associado a marcadores cardiometabólicos em 
adolescentes. Mais estudos deveriam ser realizados a fim de elucidar sua 
utilidade na prática clínica pediátrica.
Palavras-chave: Índice de adiposidade visceral; Obesidade abdominal; 
Síndrome metabólica; Adolescência; Obesidade visceral pediátrica.

RESUMO

Increasing attention has been given to the regional 
distribution of body fat, which is as important as or more 
important than the quantity of fat regarding the risk of 
metabolic complications6-10, such as the inflammatory 
process clinically known as atherosclerosis11. Studies indicate 
that atherosclerosis can begin in childhood and adolescence 
since obesity and other components of metabolic syndrome 
occur during these stages12,13.

Central obesity plays an important role in increasing 
the production of pro- inflammatory and atherogenic 
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substances14. It is known that adipose tissue is an active 
endocrine organ that secretes various cellular factors and 
mediators, such as C-reactive protein (CRP), measured 
using high-sensitivity CRP (hs-CRP), which detects low 
serum levels. CRP functions not only as an inflammatory 
marker but also as a molecule found and produced 
within the atherosclerotic plaque, playing a key role in 
its vulnerability and, consequently, being responsible for 
coronary events. Other secretions include interleukin 6, 
which primarily stimulates CRP production, tumor necrosis 
factor, plasminogen activator inhibitor-1 (PAI-1)15, a soluble 
adrenal lipid factor secretagogue16, and angiotensinogen17. 
The product of the latter's activation, angiotensin II, 
stimulates prostacyclin production and release, acting as a 
potent adipogenic signal promoting the final differentiation 
of adipocytes17.

Given this scenario, the demand for tools to analyze 
excess weight, particularly in the abdominal region, and 
the risk of associated morbidities has grown. Recently, 
the Visceral Adiposity Index (VAI) was proposed to assess 
visceral adipose tissue distribution and dysfunction, based 
on anthropometric (BMI and WC) and functional markers 
(triglycerides and high-density lipoprotein)18. In the last 
10 years, several publications have demonstrated the VAI’s 
ability to express possible adipose tissue dysfunction and its 
associated cardiometabolic risk, especially for applications 
in specific populations, across different age groups, from 
children to the elderly19-23. Moreover, the VAI’s association 
with serum adipokines, insulin resistance, and glucose 
metabolism disorders in adults has been reported24,25. 
Particularly in children and adolescents, studies using VAI 
are still scarce19,26-30. Additionally, the current version of the 
index is unsuitable for pediatric populations, as it is based on 
observations of healthy Caucasian adults24. In this context, 
the VAI was adapted for sex-specific pediatric populations. 
However, many gaps remain regarding the index's ability to 
predict cardiometabolic risk in early life stages.

Recognizing the significant influence of visceral fat in 
triggering various metabolic complications, studies focused 
on investigating simple and low-cost tools for identifying at-
risk individuals are essential. Therefore, VAI is considered a 
promising tool for identifying at-risk individuals in early age 
groups. This study aims to investigate the association between 
Pediatric VAI and insulin resistance, subclinical inflammation, 
metabolic and hormonal profiles in adolescents.

Methods

This is a cross-sectional study conducted with adolescents 
aged 10 to 19 years, of both sexes, selected by simple 
random sampling from all public and private schools in the 
rural and urban areas of Viçosa, a city in the state of Minas 
Gerais, Brazil. This study is part of the project “Comparative 
study between the three phases of adolescence, concerning 
excess body fat and cardiovascular risk factors for metabolic 
syndrome,” whose data collection took place between 2010 
and 201331.

The sample size was calculated using Epi Info StatCalc 
software, version 6.04, with a specific formula for cross-
sectional studies, considering the total population of 11,898 
adolescents in Viçosa/MG32, an expected prevalence of 50% 
as the study considered multiple cardiovascular risk factors, 
and an acceptable variability of 5%, totaling a minimum 
sample of 372 adolescents with a 95% confidence level.

The study included adolescents who were not regular users 
of medications affecting glucose, insulin, lipid metabolism, 
blood pressure, inflammatory, or hormonal markers, non-
smokers, not using contraceptives, not participating in 
weigh reduction/control programs, and not pregnant or 
with a history of pregnancy. Adolescents with diagnosed 
infections, acute inflammation, or chronic diseases were 
also excluded. Adolescents who did not provide the signed 
assent and/or informed consent form, as required by ethical 
standards, were also excluded from the study.

Study variables

Sociodemographic variables
Sociodemographic data were collected through structured 

questionnaires. Participant information included age, sex, 
school type (public or private), area of residence (urban or rural), 
and socioeconomic status. The latter was assessed using the 
same methodology adopted by the Living Standards Survey28 
and classified as “adequate” or “precarious and intermediate”.

Behavioral variables
Physical activity levels were assessed using the 

International Physical Activity Questionnaire (IPAQ), 
short version29, validated for this population30. Adolescents 
were classified as “sedentary,” “irregularly active,” and 
“active and very active.” Due to the low prevalence of 
sedentary individuals in this population (6.3%, n=42), the 
sedentary and irregularly active individuals were grouped as 
“insufficiently active,” and those considered active and very 
active were grouped as “physically active”31.

Dietary habits were assessed through the application of 
a food frequency questionnaire (FFQ), applied individually, 
to report the frequency of food consumption over the 
previous month32. The weekly consumption frequency of 
food groups (e.g., sugars and sweets) was categorized as <5 
or ≥5 times per week33, which was used as an indicator of 
unhealthy consumption.

Anthropometric assessment

Waist circumference (WC) was measured using a flexible, 
inelastic tape measure (Cardiomed®, São Luiz, MA, Brazil) 
Weight was measured with participants barefoot, wearing 
light clothing, and no accessories, following standardized 
protocols recommended by the World Health Organization 
(WHO), using a portable digital scale (LC 200PP, Marte®, 
São Paulo, Brazil) with a maximum capacity of 150 kg. 
Calibration was verified weekly using a standard weight.

Height was assessed in duplicate, with participants barefoot 
and standing upright, according to WHO guidelines, using 
a portable stadiometer (Alturexata®, Belo Horizonte, Brazil). 
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Measurements were recorded to the nearest centimeter, 
with the cursor aligned to the highest point of the head. A 
maximum difference of 0.5 cm between the two readings was 
allowed, and the mean was used as the final value.

Body Mass Index (BMI) was calculated as weight (kg) 
divided by height squared (m²). Nutritional status was 
classified using BMI-for-age z-scores, based on sex and age, 
according to WHO growth reference charts.

Waist circumference (WC) was measured with a flexible, 
non-elastic tape (Cardiomed®, São Luiz, MA, Brazil) at the 
midpoint between the last rib and the iliac crest, at the end of 
a normal expiration. All measurements were taken in duplicate 
by a single trained evaluator, with participants standing and 
facing forward. Values were recorded to the nearest centimeter, 
with a maximum acceptable variation of 0.5 cm between the 
two readings, and the average was used for analysis.

Assessment of cardiometabolic and inflammatory 
markers

Between 7:00 AM and 9:00 AM, after 12 hours of 
fasting, 12 ml of blood was collected from the antecubital 
vein by venipuncture using disposable syringes. Serum was 
separated by centrifugation at 2225xg for 15 minutes at 
room temperature (2-3 Sigma, Sigma Laborzentrifuzen, 
Osterodeam Harz, Germany) at the Clinical Analysis 
Laboratory of the Division of Health/UFV.

Blood glucose was measured by the glucose oxidase 
method using the Cobas Mira Plus equipment (Roche 
Diagnostics, GmbH, Montclair, NJ, USA). Fasting insulin 
was measured by electrochemiluminescence. Insulin 
resistance was calculated using HOMA-IR (Homeostasis 
Model Assessment - Insulin Resistance), employing fasting 
insulin and glucose levels: HOMA-IR = [(fasting insulin 
(µU/mL) x fasting glucose [mmol/L])/22.5]. Insulin 
values ≥15µU/mL and HOMA-IR ≥3.16 were considered 
hyperinsulinemia and insulin resistance, respectively33.

HDL and triglycerides were measured by the enzymatic 
colorimetric method using the automatic Cobas Mira Plus 
equipment (Roche Corp.), and LDL was calculated using 
the Friedewald formula for triglyceride levels below 400 
mg/dL. The lipid profile was classified according to the 
Expert Panel and Integrated Cardiovascular Health and Risk 
Reduction Guidelines for Children and Adolescents33.

Elevated values were defined as: LDL ≥130 mg/dL, 
HDL cholesterol <40 mg/dL, triglycerides ≥130 mg/dL.

Uric acid was measured by the enzymatic colorimetric 
method, with automation using Cobas Mira Plus (Roche 
Corp.). Leukocytes were measured in serum by the 
impedance method on a Coulter® T890 device with a 
Coulter® Beckman kit (USA, Brea, CA). For uric acid, values 
were considered elevated when greater than 5.5 mg/dL for 
girls and 6.0 mg/dL for boys.

Blood pressure assessment

Blood pressure was measured after a minimum rest 
period of 15 minutes using an automatic inflation blood 
pressure monitor (Omron® model HEM-741 CINT, Kyoto, 

KYT, Japan) with an appropriately sized cuff for the arm 
circumference. The value was measured three times on the 
arm with the higher pressure, with a 1- minute interval 
between measurements, and the average of the last two 
measurements was used.

Elevated blood pressure was defined according to the 
American Academy of Pediatrics: <13 years (≥90th to <95th 
percentile or 120/80 mmHg to <95th percentile, whichever 
is lower), and ≥13 years 120/<80 to 129/<80 mmHg.

Calculation of pediatric visceral adiposity index

The Pediatric Metabolic Index (PMI) was calculated 
according to sex and age, evaluated continuously as follows: 
Female (≥10 years): \((WC / (-0.02 * BMI^2 + 3.67 * BMI 
+ 3.24)) * (TG / 1.04) * (1.34 / HDL)\); Male (≥10 years): \
((WC / (-0.02 * BMI^2 + 3.62 * BMI + 3.72)) * (TG / 1.06) 
* (1.30 / HDL)\). The cutoff points and the pediatric VAI 
formula used in this study were based on the adaptations 
proposed by Ejtahed et al. (2019)29.

Statistical analysis

Results were presented as mean (standard deviation) 
for continuous variables with symmetric distribution and 
median (interquartile range) for those with asymmetric 
distribution. The normality of variables was assessed using 
the Shapiro- Wilk test. 

The Student's t-test and Mann-Whitney test were used 
for comparisons between genders for anthropometric, 
cardiometabolic, inflammatory, and hormonal markers for 
symmetric and non-symmetric distribution variables, respectively. 

The correlation of the Pediatric Visceral Adiposity Index 
(PVAI) with cardiometabolic, inflammatory, and hormonal 
markers was analyzed using Pearson or Spearman correlation 
coefficients, depending on the normality and homogeneity 
of quantitative variables. 

The Kruskal-Wallis test and ANOVA were used to 
compare the PVAI according to the number of metabolic 
abnormalities for symmetric and non- symmetric 
distribution variables, respectively. 

A multiple linear regression model was used, by sex, to 
verify the association of the PVAI with insulin resistance 
(HOMA), uric acid, and leukocytes (adjusted for age, 
unhealthy diet, physical activity level, and socioeconomic 
condition). Results were presented as adjusted coefficient 
of determination, β coefficient ± standard error, and 
p-value. Linearity and multicollinearity were evaluated 
using graphical methods (scatter plots) and tests (variance 
inflation factor). Residuals were tested for normality and 
homoscedasticity using graphical methods (scatter plots, box 
plots, and histograms) and statistical tests. The significance 
level was set at 5%. These analyses were performed using 
SPSS version 20.0 and STATA version 13.0.

Results

In this study, among the 671 evaluated adolescents (356 
girls), with a mean age of 14.3 (3) years, 14.3% (n=96) 
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were overweight (14.4% of girls and 14.2% of boys) and 
5.8% (n=39) (5.1% of girls and 6.6% of boys) were obese. 
Considering the total sample, the mean Pediatric Visceral 
Adiposity Index was 0.88 (±0.58). Additionally, 16.1% 
(n=109) had low HDL, 11% (n=74) had abdominal 
obesity, 7.6% (n=51) had elevated LDL, 6.4% (n=43) had 
hypertriglyceridemia, 4.6% (n=31) had hypertension, and 
0.9% (n=6) had hyperglycemia. 

Higher values of waist circumference, BMI, insulin, 
HOMA-IR, HDL, leukocytes, diastolic blood pressure 
(DBP), and lower values of systolic blood pressure (SBP) and 

uric acid were observed in females (Table 1). The Pediatric 
Visceral Adiposity Index showed correlations with glucose, 
insulin, HOMA-IR, uric acid, leukocytes, SBP, and DBP for 
both sexes (p<0.05) (Table 2).

Still, the IAV values were significantly higher in those 
with a greater number of alterations in the components of 
metabolic syndrome in both sexes (Table 3).

Table 4 presents the multiple linear regression analysis 
for the association between the pediatric visceral adiposity 
index (VAI) and insulin resistance (HOMA- IR), 
leukocytes, and uric acid, by sex. After controlling for age, 

Table 1. Anthropometric and Body Composition, Biochemical, and Clinical Characteristics of Adolescents, According to Sex.

Variables
Girls Boys

p-value
(N=353) (N=318)

Age (Years) 14.45 (5.69) 13.34 (6.07) 0.152
Weight (Kg) 48.30 (14.33) 47.30 (24.95) 0.536
Height (m) 1.57 (0.14) 1.60 (0.267) 0.001

BMI (kg/m2) 19.26 (4.57) 18.87 (4.45) 0.038

WC (cm) 71.00 (12.00) 70.00 (13.00) 0.007

VAI Pediatric 0.74 (0.54) 0.74 (0.50) 0.297
HOMA-IR 1.80 (1.21) 1.40 (1.02) <0.001

LDL (mg/dL) 92.00 (34.00) 91.00 (29.00) 0.361
HDL (mg/dL) 52.00 (16.00) 48.00 (17.00) <0.001

Triglycerides (mg/dL) 64.00 (37.00) 63.00 (35.00) 0.118
Uric Acid 2.90 (1.00) 3.40 (1.60) <0.001

SBP (mmHg) 97.00 (11.00) 100.00 (16.50) <0.001

DBP (mmHg) 61.00 (7.50) 58.50 (9.00) <0.001

Leukocytes (/mm3) 6000.00 (2300.00) 5500.00 (1600.00) <0.001

Insulin (mcU/mL) 8.85 (5.60) 6.40 (5.20) <0.001

Glucose (mg/dL) 84.35 (7.37) 85.72 (6.94) 0.094
Caption: WC = Waist Circumference; VAI = Visceral Adiposity Index; HOMA-IR = Homeostasis Model Assessment of Insulin 
Resistance; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure. Variables are presented as mean (standard deviation) or 
median (interquartile range). Student's t-test or Mann-Whitney test. Significance set at p≤0.05.

Table 2. Spearman correlation between pediatric visceral adiposity index and cardiometabolic markers in adolescents.

Variables
Girls Boys

(N=353) (N=318)

HOMA-IR 0.354 0.257
LDL (mg/dL) 0.243 0.084
Uric Acid (mg/dL) 0.178 0.201
SBP (mmHg) -0.026 0.154
DBP (mmHg) -0.005 0.012
Leukocytes (/mm3) 0.100 0.154
Insulin (mcU/mL) 0.358 0.274
Glucose (mg/dL) 0.032 -0.013

Caption: WC = Waist circumference; VAI = Visceral adiposity index; HOMA = Homeostasis Model Assessment of Insulin Resis-
tance; SBP = Systolic blood pressure; DBP = Diastolic blood pressure. Significance level set at p≤0.05.
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income, physical activity level, and unhealthy diet, the VAI 
predicted insulin resistance (β=0.2060017; p<0.001) and 
uric acid (β=0.0959677; p=0.026) for girls, and uric acid 
(β=0.1006545; p<0.001) for boys.

Discussion

The accumulation of body fat, particularly in the 
abdominal region, is one of the main risk factors for 
cardiometabolic diseases, which aligns with the primary 
finding of this study, where higher values of the pediatric 
VAI were positively associated with cardiometabolic risk 
factors (abdominal obesity, elevated LDL, hypertension, low 
HDL, insulin resistance, and elevated uric acid).

The distinction between the metabolic functions of 
subcutaneous and visceral obesity was proposed in the 
early 1980s34. Visceral adipose tissue is stored around 
internal organs in the abdominal cavity and communicates 
with other organs through the synthesis and secretion of 
molecules known as adipokines35. The accumulation of 
visceral adipose tissue and adipokine levels induce chronic 
inflammation and metabolic disturbances33. Evidence 
indicates that visceral adipose tissue is metabolically more 
active and capable of predicting obesity-related morbidity 

and mortality36,37. As adipose tissue expands, lipolysis occurs, 
and adipocytes become hypoperfused, causing the release 
of mediators involved in inflammation and macrophage 
infiltration38. These cells trigger and increase the state of 
chronic, systemic, low-grade inflammation. Therefore, 
signals generated by adipose tissue indicate endothelial 
dysfunction, which influences not only insulin action in 
skeletal muscle but also the activation of the acute phase in 
the liver. This increases the risk of metabolic disorders by 
reducing nitric oxide production and impairing endothelial- 
mediated vasodilation39,40.

The VAI has been adopted as an important tool for 
identifying at-risk individuals by reflecting possible adipose 
tissue dysfunction and related metabolic disorders18. 
Available evidence has shown interesting results with 
predictive potential for various outcomes, such as polycystic 
ovary syndrome, metabolic syndrome, and its components23. 
Thus, we emphasize that this study contributes to a 
growing body of evidence, considering the recent topic 
and the association of elevated VAI values with metabolic, 
inflammatory, and hormonal changes.

A study conducted by Koloverou et al. (2019)22  found 
an association between VAI and hepcidin, showing that 
higher levels of this hormone in adolescents with obesity 

Table 3. Pediatric visceral adiposity index in adolescents and accumulation of metabolic alteration components, by sex.

Number of Metabolic Girls (N=353) Boys (N=318) p Value

Alteration VAI VAI

0
0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

1
0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

2 or more
0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

0.68 ± 0.40
1.00 ± 0.89
1.88 ± 0.80

Caption: Significance level p≤0.05.
Results are presented as median ± interquartile range. Kruskal-Wallis test.

Table 4. Multiple linear regression analysis to assess the ability of the pediatric visceral adiposity index to predict metabolic 
alterations, by sex.

HOMA 0.1725 0.2060017 0.0316373 <0.001

Leukocytes 0.0797 0.0000313 0.0000175 0.074
Uric Acid 0.0844 0.0959677 0.0429030 0.026

Boys
HOMA 0.0885 0.0641824 0.0327782 0.051
Leukocytes 0.0814 0.0000250 0.0000229 0.274
Uric Acid 0.0384 0.1006545 0.0272225 <0.001

Caption: Multiple linear regression with significance at p<0.05. R² = Coefficient of determination; β: β value for multiple linear 
regression; Variables adjusted for: age, income, physical activity level, and unhealthy diet.
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are associated with visceral fat, dyslipidemia, and Metabolic 
Syndrome (MS). Additionally, studies have concluded 
that VAI has greater specificity and sensitivity compared 
to classical parameters such as waist circumference, BMI, 
and biochemical parameters. Moreover, VAI showed good 
predictive capacity regarding the risk of hypertension and 
MS, with some studies confirming its validity in other 
populations24. Therefore, investigating at-risk individuals 
enables early interventions, which directly impacts health 
and, consequently, their quality of life.

Considering that the VAI originally proposed by Amato 
was developed using a mathematical model based on a healthy 
adult Caucasian population, the author emphasizes that it 
should not be extrapolated to the pediatric population18. 
Moreover, another study identified that, in contrast to what 
is observed in adult populations, BMI showed a better 
association with adipokines, metabolic parameters, insulin 
resistance, and subclinical inflammation in the pediatric 
population compared to VAI3, indicating its limitation. 
However, other studies have shown favorable results for the 
use of VAI in this population. An Italian study conducted 
with children with a mean age of 11 years identified VAI 
as a promising tool for predicting metabolic syndrome in 
children with obesity, despite the sample containing only 
Caucasian individuals. Another study conducted in Brazil 
with a target population of 12 to 17 years old demonstrated 
good performance of VAI in identifying changes in blood 
pressure and insulin resistance31, indicating that VAI can 
perform adequately regardless of ethnicity, sex, or age.

These discrepancies have opened the possibility of 
extrapolating the VAI cut- off points and formulas to better 
detect metabolic changes in pediatric populations. In this 
regard, determining cutoff values for this indicator in 
children and adolescents is of vital importance, as there is still 
no universally accepted reference value for this population. 
Recent studies have aimed to address these gaps. A cross-
sectional study with 3,843 Iranian students aged 7 to 18 years 
identified the following VAI cut- off points for predicting 
Metabolic Syndrome: 1.58 for the total population, 1.30 for 
males, and 1.78 for females. These values were associated 
with an increased cardiometabolic risk. However, this study 
did not compare VAI values with other direct and indirect 
measures of visceral fat, nor did it account for the pubertal 
stage of the individuals. Additionally, as it was a cross-
sectional study, no causality could be inferred between VAI 
and metabolic disturbances. Moreover, due to the focus on 
a specific ethnic group, these values need to be evaluated 
in studies with different populations to determine more 
suitable cutoff values for this age group.

Another possibility is to introduce modifications to the 
proposed mathematical model, as adopted in the present 
article. Thus, a broad range of BMI categories was considered 
to calculate the first component of the adjusted formula, 
and unlike the linear correlation used for VAI calculation 
in adult populations, the author used a nonlinear quadratic 
regression model that accurately explained the relationship 
between waist circumference and BMI in both male and 

female30 pediatric populations. Another study adapted VAI 
following the steps of the originally proposed formula. 
Hypothesis tests were applied according to the distribution 
of variables, and crude and adjusted regression analyses 
were performed. It was observed that the linear regression 
model showed a good explanatory capacity among the 
anthropometric markers that compose the equation. 
Additionally, medians of triglycerides and HDL cholesterol 
values for boys and girls were included to compose the new 
adjusted mathematical model for adolescents.

Furthermore, an important factor to highlight is the 
correlation of leukocytes with pediatric VAI, as excess fat 
is associated with immune dysfunction, accompanied by 
changes in leukocyte count. In this sense, obese adolescents 
have a higher leukocyte count compared to eutrophic 
individuals, suggesting a chronic pro-inflammatory state 
that may be associated with excessive adiposity and decreased 
cardiorespiratory fitness. Thus, pediatric VAI proved to be 
a good predictor of the inflammatory state in overweight 
adolescents.

Therefore, despite the early onset of metabolic disorders, 
it is known that clinical manifestations of different 
health outcomes are usually observed and accentuated in 
adulthood. Given that health habits are formed in childhood 
and adolescence, it is evident that early-life changes can be 
strong predictors of cardiometabolic diseases in adulthood. 
Our analyses revealed that pediatric VAI was correlated 
with variables related to cardiometabolic risk. Additionally, 
another study conducted with individuals aged 10-18 years 
of both sexes demonstrated significant differences between 
sexes for age20, HDL-c, and VAI, which contrasted with our 
study, as there were no differences in pediatric VAI between 
sexes. It was also observed that the variables used for the 
VAI calculation were worse for adolescents with altered 
nutritional status (non-eutrophic), indicating a higher 
cardiometabolic risk associated with excess weight, also seen 
in the correlation between the number of metabolic changes 
and pediatric VAI demonstrated in this study.

This study has limitations. Due to the cross-sectional 
design, we cannot ensure the temporality of the associations 
between pediatric VAI and cardiometabolic risk factors. 
However, an important dose-response relationship was 
observed, with increased chances of metabolic changes for 
higher values of pediatric VAI. Therefore, it is highlighted 
that this is a population-based study with rigorous 
methodological data collection and the use of validated 
methods.

Conclusion

Pediatric VAI was associated with cardiometabolic 
and inflammatory markers in adolescents of both sexes. 
This index may be an effective strategy for identifying 
adipose tissue dysfunction, indirectly reflecting early risk of 
metabolic diseases.

Further studies should be conducted to elucidate its 
utility in pediatric clinical practice.
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