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Introduction
Worldwide growing of metabolic syndrome (MetS) as a 
warning of chronic diseases in children and adolescents 
will cause great suffering and overwhelm medical 
treatment systems. Since MetS in childhood increases the 
risk of cardiovascular diseases in adulthood, diagnosis 
and treatment of at risk children could be very valuable.1-3 
Visceral obesity is associated with increased risk of 

metabolic abnormalities including insulin resistance, 
dyslipidemia, hypertension, atherosclerosis, diabetes and 
higher mortality rate.4

Although dual-energy X-ray absorptiometry, computed 
tomography and ultrasound are accurate methods for 
measurement of visceral adiposity and may use as a 
clinical practice,5,6 but using them as routine methods 
has some limitations. The high cost, radiation exposure, 
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Abstract
Introduction: The purpose of this study was to obtain the cutoff points of visceral adiposity index 
(VAI), a new marker of indirect evaluation of visceral fat, to assess its association with metabolic 
syndrome (MetS) in a population of children and adolescents.
Methods: This cross sectional study was conducted on children and adolescents aged 7-18 years attended 
in the fifth phase of a national school-based surveillance survey. The odds ratio (OR) of cardiometabolic 
risk factors across tertile categories of VAI was determined using the logistic regression models and the 
valid cut-off values of VAI for predicting MetS was obtained using the receiver operation characteristic 
(ROC) curve analysis.
Results: A total of 3843 students (52.3% boys, 12.3 [12.2-12.4] years) were included in the analysis. 
The mean of VAI was significantly higher in participants who had MetS (2.60 [2.42-2.78] vs 1.22 [1.19-
1.25]; P <0.001). Participants in the third tertile compared to the first tertile category of VAI had higher 
odds of abdominal obesity (OR: 1.77, 95% CI: 1.43-2.20), impaired fasting blood glucose (OR: 2.00, 
95% CI: 1.28-3.13) and low high-density lipoprotein cholesterol (OR: 15.93, 95% CI: 12.27-20.66). The 
cut-off points of the VAI for predicting MetS were 1.58, 1.30 and 1.78 in total population, boys and 
girls, respectively.
Conclusion: We determined the cut-off points of VAI as an easy tool for detecting MetS in children 
and adolescents and demonstrated that VAI is strongly associated with MetS. Prospective longitudinal 
studies are suggested to show the possible efficiency of the VAI as a predictor of MetS in pediatrics.
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requirement to intensive training and low availability for 
most clinicians make these methods challenging to use in 
clinical settings especially in children and adolescents.7 
Therefore, surrogate indices of visceral adiposity can 
be useful in this context. Visceral adiposity index (VAI) 
has been proposed as a new method for evaluation of 
fat distribution and function. This index is a gender-
specific mathematical model, derived from simple 
anthropometric measurements (body mass index [BMI]
and waist circumference [WC]) and functional parameters 
(triglycerides [TG] and high-density lipoprotein 
cholesterol [HDL-C]) and it may work better compared 
to single index.8 It has been shown that VAI is positively 
correlated with insulin resistance, functional glycemic 
disorders and increased risk of cardiovascular diseases.9-11 
Changes in body fat during childhood are associated 
with development of MetS. However, the information 
about the value of VAI is particularly limited in children 
and adolescents and a valid cut-off value has not been 
determined in Iranian pediatrics. The aim of this study 
is to calculate VAI in a representative sample of Iranian 
children and adolescents and to obtain valid cut-off values 
for met abolic disorders.
 
Materials and Methods
Study population
This cross sectional study was conducted on Iranian 
children and adolescents aged 7-18 years participated 
in the fifth phase of a school-based surveillance survey 
entitled “Childhood and Adolescence Surveillance 
and Prevention of Adult Non-communicable Disease” 
(CASPIAN) in 2015. The detailed descriptions of the 
survey have been reported previously.12 Briefly, sample 
selection was done by multistage, stratified cluster 
sampling method from both urban and rural areas of 
30 provinces in Iran. Sampling within each province 
was done according to the proportional to size method 
regarding the place of residence (urban or rural) and 
level of education (primary and secondary) and with 
equal number of boys and girls. The desired sample size 
in each province (about 480 students) was achieved using 
cluster sampling with equal cluster sizes. Totally, 14,138 
students were assessed at national level that resulted in a 
good estimate of all selected risk factors. In each province, 
14 clusters out of 48 clusters (finally 3843 students) were 
randomly selected for biochemical experiments. Fasting 
blood samples were collected from 3843 participants.13

Clinical and biochemical measurements
Weight was measured using a scale placed on a flat ground 
with the precision of 0.1 kg while subjects minimally 
clothed without shoes. Height was measured to the 
nearest 0.5 cm without shoes using a tape meter. Waist 
circumference was measured to the nearest 0.1 cm, using 
non-stretchable tape meter.14,15 Body mass index was 
calculated as weight in kg divided by the square of height 

in m2. World health organization (WHO) growth curves 
was used for categorizing of BMI; overweight was defined 
as age and gender-specific BMI of 85th to 95th percentiles, 
and obesity as age and gender-specific BMI of >95th 
percentiles. Abdominal obesity was defined as WC above 
90th percentile.16

Fasting blood samples were taken after 12 to 14 hours 
of overnight fast. Fasting blood glucose (FBS), total 
cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), HDL-C, and TG were measured using 
enzymatic method by Hitachi auto-analyzer (Tokyo, 
Japan). Blood pressure (BP) was measured twice on the 
right arm, in the sitting position after 15 minutes of rest 
using a standardized mercury sphygmomanometer. 
The first and fifth Korotkoff sounds were considered as 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP), respectively. The mean of the two measurements 
was recorded as BP.17

The assessment of living area, socioeconomic status, 
physical activity, and screen time has been described 
previously.18

Definition of terms
In this study VAI was calculated as follows19:

Males: VAI =( 𝑊𝑊𝑊𝑊
39.68+(1.88×𝐵𝐵𝑀𝑀𝑀𝑀)) × ( 𝑇𝑇𝑇𝑇

1.03) × (1.31𝐻𝐻𝐷𝐷𝐷𝐷) 
 

Females: VAI =( 𝑊𝑊𝑊𝑊
39.58+(1.89×𝐵𝐵𝑀𝑀𝑀𝑀)) × ( 𝑇𝑇𝑇𝑇

0.81) × (1.52𝐻𝐻𝐷𝐷𝐷𝐷) 
 
In the formula, WC was introduced in cm, BMI in kg/m2, 
TG and HDL in mmol/L.
Metabolic syndrome was defined based on the modified 
version of Adult Treatment Panel III (ATP III) criteria for 
the pediatric age group. Individuals who had at least three 
of the following criteria were classified as having MetS: 
1- TG concentration of 100 mg/dL or greater; 2- HDL-C 
concentration of 40 mg/dL or less (except in boys 15–19 y 
old which cut-off is < 45 mg/dL); 3- FBS concentration of 
100 mg/dL or greater; 4- WC > 90th percentile (abdominal 
obesity); and 5- either SBP or DBP greater than the 90th 
percentile for age, gender, and height.20

Statistical analysis
Data were presented as the mean (95% CI) or number 
(percentage). The normality of distribution was checked 
for all variables. The independent sample t-test was used 
to compare continuous variables and the chi-square test 
was used to compare proportions between boys and girls.
Associations between VAI and metabolic characteristics 
were tested by Pearson correlation. Mean of VAI in 
participants based on having MetS or not and having 
different number of MetS risk components was compared 
by Independent samples t test and one-way ANOVA.
The odds ratio (OR) of cardiometabolic risk factors 
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including general and abdominal obesity, impaired 
fasting glucose, elevated BP, hypertriglyceridemia, low 
HDL-C, and high LDL-C across tertile categories of VAI 
was determined using the logistic regression models. 
Tertiles categories are provided for cross-classification 
of participants. In this classification, the first group was 
considered as a reference group to compare with other 
groups. Binary logistic regression models included a 
dichotomous outcome (for example, obesity; yes or no) and 
tertiles of VAI in 3 models; model 1: crude model, model 
2: adjusted for age, gender, living area, socioeconomic 
status, physical activity, and screen time and model 3: 
additional adjustment for BMI. Data are presented as OR 
with 95% CI.
To estimate valid cut-off values of VAI for predicting 
MetS, the receiver operation characteristic (ROC) curve 
analysis was done with an estimation of the sensitivity and 
specificity. Analyses were performed separately for gender 
and age groups. The estimated optimal cut-points were 
determined using the minimum value of which represents 
the maximum sum of sensitivity and specificity. The area 
under curve (AUC) shows the ability of VAI cut-off points 
to discriminate pediatrics with and without metabolic 
syndrome accurately. Analyses were done using STATA 
version 11.0 (STATA Corp LP. Package, College Station, 
TX, USA).  P-values less than 0.05 were considered as 
statistically significant.
 
Results
In this study 3843 students (52.3% boys) with mean 
(95% CI) age of 12.3 (12.2-12.4) years were included in 
the analysis. According to the WHO criteria, 9.4% (8.7% 
of boys and 10.2% of girls) were overweight and 11.4% 
(12.5% of boys and 10.3% of girls) were obese. Abdominal 
obesity was observed in 21.1% of students (21.6% of 
boys and 20.5% of girls). The  characteristics of study 

population according to gender are presented in Table 
1. Briefly, boys presented higher values of age, weight, 
height, waist, BP (P < 0.001) and FBG (P < 0.05), but 
lower values of TC, LDL-C (P < 0.05) and VAI (P < 0.001). 
The bivariate correlation coefficients between VAI and 
metabolic characteristics are shown in Table 2. In these 
analyses, most variables including weight, height, BMI, 
WC, FBS, DBP, TG, TC and HDL-C were significantly 
associated with VAI in total participants (P < 0.01). 
Although, considering the clinical significance of these 
correlations, the correlations between weight, height, 
WC, FBS, DBP, TC and VAI were weak. BMI and HDL-C 
had moderate correlation with VAI (r = 0.38 and r = -0.48; 
P < 0.05, respectively) and perfect correlation was only 
observed between TG and VAI (r = 0.84, P < 0.01). Mean of 
VAI according to having MetS or not and having different 
numbers of MetS components, is illustrated in Table 3. 

Table 1. Characteristics of the study population: the CASPIAN-V study

Variables Total (n=3843) Boys (n=2012) Girls (n=1831) P value*
Age (y) 12.3 (12.2-12.4) 12.4 (12.3-12.5) 12.2 (12.1-12.3) <0.001
Weight (kg) 41.4 (40.8-41.9) 42.4 (41.6-43.2) 40.4 (39.7-41.1) <0.001
Height (cm) 146.6 (146.0-147.2) 148.1 (147.3-148.9) 144.9 (144.2-145.6) <0.001
BMI (kg/m2) 18.5 (18.3-18.6) 18.5 (18.3-18.7) 18.5 (18.3-18.7) 0.50
Waist (cm) 66.7 (66.3-67.1) 67.6 (67.0-68.2) 65.7 (65.2-66.2) <0.001
SBP (mm Hg) 99.2 (98.8-99.6) 99.5 (98.9-100.1) 98.7 (98.1-99.3) <0.001
DBP (mm Hg) 63.8 (63.5-64.1) 64.1 (63.6-64.6) 63.5 (63.0-64.0) 0.004
FBG (mg/dL) 91.6 (91.2-92.0) 92.1 (91.5-92.7) 91.2 (90.7-91.7) 0.027
TG (mg/dL) 88.0 (86.6-89.4) 87.1 (85.1-89.1) 89.0 (86.9-91.1) 0.20
TC (mg/dL) 153.8 (152.9-154.7) 152.9 (151.7-154.1) 154.8 (153.6-156.0) 0.03
HDL-C (mg/dL) 46.2 (45.9-46.5) 46.2 (45.7-46.6) 46.1 (45.6-46.5) 0.80
LDL-C (mg/dL) 90.3 (89.6-91.0) 89.3 (88.3-90.3) 90.8 (89.8-91.8) 0.03
VAI 1.29 (1.26-1.32) 1.03 (0.99-1.06) 1.58 (1.53-1.63) <0.001

Data are expressed as mean (95% CI).
* P values compared the characteristics of between boys and girls using Independent samples t test.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; VAI, visceral adiposity index.

Table 2. Bivariate correlation coefficients between visceral adiposity index 
and metabolic characteristics: the CASPIAN-V study

Variables Total Boys Girls
Weight (kg) 0.07** 0.12** 0.08**

Height (cm) 0.08** 0.13** 0.10**

BMI (kg/m2) 0.38* 0.59* 0.33*
Waist (cm) 0.15** 0.20** 0.17**

SBP (mm Hg) 0.03 0.08** 0.02
DBP (mm Hg) 0.04* 0.07** 0.03
FBG (mg/dL) 0.12** 0.14** 0.15**

TG (mg/dL) 0.84** 0.87** 0.91**

TC (mg/dL) 0.11** 0.13** 0.09**

HDL-C (mg/dL) -0.48** -0.49** -0.53**

LDL-C (mg/dL) 0.01 0.03 -0.02
*P < 0.05. **P < 0.01 using Pearson correlation test.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, 
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; VAI, visceral adiposity index.
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The mean of VAI was significantly higher in participants 
(both boys and girls) who had MetS (P < 0.001).
Odds ratio and 95% confidence interval for cardiometabolic 
risk factors across tertile categories of VAI are provided in 
Table 4. Participants in the third tertile compared to the 
first tertile category of VAI, had higher risk of abdominal 
obesity (OR: 1.69, 95% CI: 1.39–2.07), impaired FBG 
(OR: 1.99, 95% CI: 1.33–3.01) and low HDL-C (OR: 
15.92, 95% CI: 12.53–20.22). These associations remained 
significant after adjustment for age, gender, living area, 
socioeconomic status, physical activity, screen time and 
BMI.
The ROC curve for VAI for identifying children with 
MetS according to ATP III criteria is displayed in Table 
5, stratified by gender and age groups. The cut-off points 
of the VAI were 1.58 in total participants (sensitivity: 79% 
and specificity: 78%), 1.30 (sensitivity: 76% and specificity: 
81%) in boys, and 1.78 (sensitivity: 94% and specificity: 
74%) in girls. In the 7-12 and 13-18 years age groups, these 

Table 3. Mean of visceral adiposity index by Mets and numbers of MetS 
components: the CASPIAN-V study

 Total Boys Girls
MetS

Yes 2.60 (2.42-2.78) 2.11 (1.87-2.35) 3.27 (2.95-3.59)
No 1.22 (1.19-1.25) 0.96 (0.93-0.99) 1.50 (1.46-1.54)
P value <0.001 <0.001 <0.001

MetS components
0 0.82 (0.80-0.84) 0.62 (0.60-0.63) 0.99 (0.97-1.01)
1 1.22 (1.18-1.25) 0.97 (0.94-1.00) 1.54 (1.48-1.60)
2 1.99 (1.91-2.07) 1.54 (1.46-1.62) 2.52 (2.38-2.65)
≥3 2.60 (2.42-2.78) 2.11 (1.87-2.35) 3.27 (2.95-3.59)
P value <0.001 <0.001 <0.001

Data are expressed as mean (95% CI).
* P values compared the visceral adiposity index among groups using 
Independent samples t test or ANOVA.
Metabolic syndrome: ATP-III criteria; Abdominal obesity: WC> 90th 
percentile; Low HDL: HDL< 40 mg/dL (except in boys 15–19 y old, that 
cut-off was < 45 mg/dL); High TG: TG>100 mg/dL; High FBG: FBG > 100 
mg/dL; High blood pressure: BP> 90th (adjusted by age, sex, height). 
MetS components: 0, no risk; 1, one risk; 2, two risks; ≥3, at least three 
risks.

Table 4. Odds ratio and 95% confidence interval for cardiometabolic risk factors across tertile categories of visceral adiposity index: the CASPIAN-V

Tertile categories of visceral 
adiposity index

Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI

obesity
Tertile1 (reference)       
Tertile2 0.89 (0.69-1.15) 0.92 (0.70-1.22)   
Tertile3 1.07 (0.84-1.37) 1.14 (0.87-1.48)   
P for trend 0.56 0.33
Abdominal obesity
Tertile1 (reference)       
Tertile2 1.27 (1.04-1.57) 1.35 (1.08-1.68)   
Tertile3 1.69 (1.39-2.07) 1.77 (1.43-2.20)   
P for trend <0.001 <0.001
Impaired fasting glucose
Tertile1(reference)       
Tertile2 1.52 (0.99-2.33) 1.61 (1.01-2.55) 1.64 (1.03-2.60)
Tertile3 1.99 (1.33-3.01) 1.98 (1.27-3.09) 2.00 (1.28-3.13)
P for trend 0.001 0.003 0.002
Low HDL-C       
Tertile1(reference)       
Tertile2 4.50 (3.52-5.76) 4.48 (3.43-5.86) 4.49 (3.43-5.86)
Tertile3 15.92 (12.53-20.22) 15.93 (12.28-20.67) 15.93 (12.27-20.66)
P for trend <0.001 <0.001 <0.001
High blood pressure       
Tertile1(reference)       
Tertile2 1.20 (0.93-1.55) 1.27 (0.95-1.69) 1.29 (0.97-1.72)
Tertile3 1.03 (0.78-1.34) 1.15 (0.86-1.53) 1.14 (0.85-1.53)
P for trend 0.84 0.36 0.38
High LDL-C
Tertile1(reference)
Tertile2 1.26 (1.02-1.54) 1.33 (1.06-1.66) 1.33 (1.06-1.66)
Tertile3 1.19 (0.97-1.46) 1.25 (1.01-1.57) 1.26 (1.01-1.57)
P for trend 0.11 0.053 0.052

Model 1: Logistic regression crude model.
Model 2: Adjustment for age, sex, living area, socioeconomic status, physical activity, screen time.
Model 3: Additional adjustment for BMI.
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values were 1.59 (sensitivity: 76% and specificity: 81%) 
and 1.58 (sensitivity: 83% and specificity: 77%) in total 
population, 1.34 (sensitivity: 65% and specificity: 85%) 
and 1.58 (sensitivity: 76% and specificity: 87%) in boys, 
and 1.93 (sensitivity: 91% and specificity: 81%) and 1.58 
(sensitivity: 76% and specificity: 87%) in girls, respectively.
The area under the curve (AUC) was 84% for total (in 
both age groups), 85% for boys (82% in 7-12 years; 88% in 
13-18 years) and 89% for girls (91% in 7-12 years; 88% in 
13-18 years) (Figure 1).
 
Discussion
This is the first study to determine age- and gender-
stratified cut-off points of VAI in Iranian children and 
adolescents, which proved to be strongly associated with 
MetS. The cut points of VAI for detecting MetS were 
1.30 in boys, 1.78 in girls, 1.59 in 7-12 and 1.58 in 13-18 
years age groups. We indicated that higher VAI scores is 
associated with 69% higher risk of abdominal obesity, 99% 
higher risk of impaired FBG and 15.92 times higher risk of 
low HDL-C in children and adolescents.
Regarding to increased prevalence of MetS among young 
population and its complications in adulthood, presenting 
more effective methods for early recognition of at risk 
groups is valuable.21 Abdominal obesity has been proved 
as a key component in the definition of MetS and WC is an 
important clinical factor used for indirect assessment of 
increased body fat and metabolic abnormalities in children 
and adolescents.22-24 However, distinguishing between 
subcutaneous and visceral fat mass is not possible by WC 
alone.25 Evidences suggest that different types of adipose 
tissue may exposed pediatrics to different risk factors of 
metabolic dysfunction. It has been demonstrated that 
increased visceral fat, plays a decisive role in appearance of 
metabolic abnormalities and cardiovascular disorders.4,6,26 
In children, visceral fat has been shown to have a 
negative association with insulin sensitivity and HDL-C 
while positively associated with LDL-C, TG and insulin 

secretion.27,28 Taksali et al showed that risk of having MetS 
was significantly higher in adolescents with high visceral 
fat and low abdominal subcutaneous fat who was not 
necessarily severely obese.26 Since visceral fat measurement 
by using magnetic resonance imaging or euglycemic–

Table 5. Receiver operator curve for visceral adiposity index for identifying children with MetS: the CASPIAN-V study

 VAI cut-off points (95% CI) Sensitivity (95% CI) Specificity (95% CI) AUC (95% CI)

Boy

7-18 year 1.30 (1.05-1.55) 76% (66%-86%) 81% (72%-90%) 85% (81%-89%)

7-12 year 1.34 (0.94-1.75) 65% (47%-83%) 85% (64%-100%) 82% (75%-88%)

13-18 year 1.58 (1.24-1.93) 76% (63%-89%) 87% (75%-99%) 88% (83%-92%)

Girl

7-18 year 1.78 (1.41-2.14) 94% (86%-100%) 74% (65%-83%) 89% (87%-92%)

7-12 year 1.93 (1.57-2.29) 91% (83%-99%) 81% (73%-90%) 91% (88%-94%)

13-18 year 1.58 (1.24-1.93) 76% (63%-89%) 87% (75%-99%) 88% (84%-92%)

Total
 

7-18 year 1.58 (1.52-1.65) 79% (74%-86%) 78% (75%-82%) 84% (81%-87%)

7-12 year 1.59 (1.19-1.99) 76% (64%-87%) 81% (72%-89%) 84% (79%-88%)

13-18 year 1.58 (1.45-1.72) 83% (76%-91%) 77% (71%-83%) 84% (81%-88%)

CI: confidence interval; AUC: area under curve shown as percentage.
Metabolic syndrome: ATP-III criteria; Abdominal obesity: WC> 90th percentile; Low HDL: HDL< 40 mg/dL (except in boys 15–19 y old, that cut-off was 
< 45 mg/dL); High TG: TG>100 mg/dL; High FBG: FBG > 100 mg/dL; High blood pressure: BP> 90th percentile (adjusted by age, sex, height).

Figure 1. ROC curves for metabolic syndrome by sex. (A) ROC curves for 
metabolic syndrome in 7-18 years. (B) ROC curves for metabolic syndrome 
in boys. (C) ROC curves for metabolic syndrome in girls.
ROC, receiver operating characteristic.
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hyperinsulinemic clamp are difficult to be performed in 
population-based survey, recent studies suggest VAI as a 
surrogate marker of indirect evaluation of visceral fat.8,19 
VAI has been obtained and validated in adult populations 
and it has been shown that this index is independently 
associated with all MetS components, glucose values and 
cardio- and cerebrovascular events.8-11,29 Although these 
results are somehow in line with our finding, but studies 
regarding the calculation of this index and its association 
with metabolic abnormalities in children and adolescents 
are limited. To the best of our knowledge, only one study 
conducted in young population by Al- Daghri et al who 
obtained VAI of 543 children aged 4-17 years and showed 
that this index was significantly associated with BMI, 
WC, glucose, insulin resistance and SBP.30 We evaluated 
the applicability of VAI for identifying children with MetS 
and we observed that it could predict the risk of MetS 
in this age group too. However, more studies with a big 
cohort of children and adolescents would be required for 
modification and validation of VAI in this age group as a 
better clinical index for visceral adiposity and its related 
cardiometabolic disorders. Indeed, VAI has modified 
WC by combining some variables including BMI which 
indicates global adiposity and serum TG and HDL-C 
concentrations which represent of visceral adipose tissue 
function. Therefore, it seems that VAI present a better 
insight about function of visceral adipose tissue and 
insulin sensitivity than WC, and higher VAI score would 
be strongly correlated with MetS risk and cardiovascular 
complications. On the other hand, VAI declare other 
cardiometabolic risk factors which are not indicated by 
BMI, WC, TG, and HDL-C separately.19

 
Study limitations
In the current study, we presented a gender and age-
stratified cut-off of VAI in association with MetS for the 
first time in a large population of Iranian children and 
adolescents. However, there were some limitations. First, 
in terms of the relationship with MetS risks, in our survey 
we did not compare VAI with other direct or indirect 
measurements of visceral fat. Second, because of the 
cross-sectional nature of the present study, no causality 
can be concluded between VAI and MetS. Third, although 
pubertal stage affects insulin resistance and metabolic 
condition in children and adolescents, we have no 
information about the pubertal status of the participants.
 
Conclusion
We determined the cut-off points of VAI for detecting 
MetS in Iranian children and adolescents. It was 
demonstrated that VAI is associated with cardiometabolic 
risk factors including abdominal obesity, impaired fasting 
glucose, low HDL-C, and high LDL-C in this age group 
of population. Therefore, VAI can be used as a surrogate 
marker of visceral adiposity and good indicator of MetS 
in pediatrics. However, prospective longitudinal studies 

are needed to show the possible efficiency of the VAI as a 
predictor of MetS and other cardiometabolic risk factors 
in children and adolescents.

Competing interests
The authors declare that they have no competing interests.

Ethical approval
After explanation, written and verbal consents were 
obtained from all the parents and students, respectively. 
The study was approved by the Research and Ethics 
Council of Isfahan University of Medical Sciences with 
ethical code of 194049.

Acknowledgments
The authors are thankful of all participants and large 
team working on this project in different provinces. We 
appreciate Isfahan University of Medical Sciences and 
other relevant national regulatory organizations (Project 
number: 194049) for supporting this project.

References
1. Friend A, Craig L, Turner S. The prevalence of metabolic 

syndrome in children: a systematic review of the literature. 
Metab Syndr Relat Disord 2013; 11:71-80. doi: 10.1089/
met.2012.0122.

2. Ejtahed HS, Bahadoran Z, Mirmiran P, Azizi F. Sugar-
Sweetened Beverage Consumption Is Associated with 
Metabolic Syndrome in Iranian Adults: Tehran Lipid and 
Glucose Study. Endo Metab (Seoul, Korea) 2015; 30:334-
342. doi: 10.3803/EnM.2015.30.3.334.

3. Angoorani P, Ejtahed HS, Mirmiran P, Mirzaei S, Azizi F. 
Dietary consumption of advanced glycation end products 
and risk of metabolic syndrome. Inter J Food Sci Nutr 
2016; 67:170-176. doi: 10.3109/09637486.2015.1137889.

4. Klein S. Is visceral fat responsible for the metabolic 
abnormalities associated with obesity? Diabetes Care 2010; 
33(7):1693-4.doi: 10.2337/dc10-0744.

5. Jung JH, Jung MK, Kim KE, Kwon AR, Chae HW, Yoon 
CS, et al. Ultrasound measurement of pediatric visceral fat 
thickness: correlations with metabolic and liver profiles. 
Ann Pediatr Endocrinol Metab 2016; 21:75-80. doi: 
10.6065/apem.2016.21.2.75.

6. Mathieu P, Pibarot P, Larose É, Poirier P, Marette A, 
Després J-P. Visceral obesity and the heart. Inter J 
Biochem Cell Biology 2008; 40:821-836. doi: 10.1016/j.
biocel.2007.12.001.

7. Shuster A, Patlas M, Pinthus JH, Mourtzakis M. The 
clinical importance of visceral adiposity: a critical review 
of methods for visceral adipose tissue analysis. Br J Radiol 
2012; 85:1-10. doi: 10.1259/bjr/38447238.

8. Petta S, Amato M, Cabibi D, Camma C, Di Marco V, 
Giordano C, et al. Visceral adiposity index is associated 
with histological findings and high viral load in patients 
with chronic hepatitis C due to genotype 1. Hepatology 
2010; 52:1543-1552. doi: 10.1002/hep.23859.

9. Amato MC, Giordano C, Pitrone M, Galluzzo A. 
Cut-off points of the visceral adiposity index (VAI) 
identifying a visceral adipose dysfunction associated with 

https://doi.org/10.1016/j.biocel.2007.12.001
https://doi.org/10.1016/j.biocel.2007.12.001
https://doi.org/10.1002/hep.23859


Ejtahed et al

J Cardiovasc Thorac Res, 2019, 11(4), 280-286286

cardiometabolic risk in a Caucasian Sicilian population. 
Lipids Health Dis 2011; 10:183. doi: 10.1186/1476-511X-
10-183.

10. Bozorgmanesh M, Hadaegh F, Khalili D. Prognostic 
significance of the complex” visceral adiposity index” vs. 
simple anthropometric measures: Tehran lipid and glucose 
study. Cardiovasc Diabetol 2012; 11:20. doi: 10.1186/1475-
2840-11-20.

11. Al‐Daghri NM, Al‐Attas OS, Alokail MS, Alkharfy KM, 
Charalampidis P, Livadas S, et al. Visceral adiposity index 
is highly associated with adiponectin values and glycaemic 
disturbances. Eur J Clin Invest 2013; 43:183-189. doi: 
10.1111/eci.12030.

12. Motlagh ME, Ziaodini H, Qorbani M, Taheri M, Aminaei 
T, Goodarzi A, et al. Methodology and early findings of 
the fifth survey of childhood and adolescence surveillance 
and prevention of adult noncommunicable disease: The 
CASPIAN-V Study. Inter J Prev Med 2017; 8:4.doi: 
10.4103/2008-7802.198915.

13. Ahadi Z, Shafiee G, Qorbani M, Sajedinejad S, Kelishadi R, 
Arzaghi SM, et al. An overview on the successes, challenges 
and future perspective of a national school-based 
surveillance program: the CASPIAN study. J Diab Metab 
Disord 2014; 13:120. doi: 10.1186/s40200-014-0120-3.

14. World Health Organization. Physical status: The use of and 
interpretation of anthropometry, Report of a WHO Expert 
Committee. Geneva: WHO; 1995.

15. Knowles K, Paiva L, Sanchez S, Revilla L, Lopez T, Yasuda 
M, et al. Waist circumference, body mass index, and other 
measures of adiposity in predicting cardiovascular disease 
risk factors among Peruvian adults. Int J Hypertens 2011; 
2011:931402. doi: 10.4061/2011/931402.

16. Onis M. WHO Child Growth Standards based on length/
height, weight and age. Acta paediatrica 2006; 95:76-85. 
doi: 10.1111/j.1651-2227.2006.tb02378.x.

17. Pediatrics AA. National High Blood Pressure Education 
program working group on high blood pressure in children 
and adolescents. Pediatrics 2004; 114(Suppl 2):iv.

18. Angoorani P, Heshmat R, Ejtahed H-S, Qorbani M, 
Motlagh ME, Ziaodini H, et al. Body weight misperception 
and health-related factors among Iranian children and 
adolescents: the CASPIAN-V study. J Pediatr Endocrinol 
Metab 2017; 30:1033-1040. doi: 10.1515/jpem-2017-0149.

19. Amato MC, Giordano C, Galia M, Criscimanna A, 
Vitabile S, Midiri M, et al. Visceral Adiposity Index: a 
reliable indicator of visceral fat function associated with 
cardiometabolic risk. Diabetes care 2010; 33:920-922. doi: 
10.2337/dc09-1825.

20. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, 
Arslanian S, et al. The metabolic syndrome in children 
and adolescents. Lancet 369(9579).2007; 2059-2061. doi: 
10.1016/s0140-6736(07)60958-1.

21. Morrison JA, Friedman LA, Wang P, Glueck CJ. Metabolic 
syndrome in childhood predicts adult metabolic syndrome 
and type 2 diabetes mellitus 25 to 30 years later. J Pediatr 
2008; 152:201-206. doi:  10.1016/j.jpeds.2007.09.010.

22. Ejtahed HS, Qorbani M, Motlagh ME, Angoorani P, Hasani-
Ranjbar S, Ziaodini H, et al. Association of anthropometric 
indices with continuous metabolic syndrome in children 
and adolescents: the CASPIAN-V study. Eat Weight Disord 
2018; 23(5): 597-604. doi:  10.1007/s40519-017-0455-0.

23. Katzmarzyk PT, Perusse L, Malina RM, Bergeron J, Despres 
JP, Bouchard C. Stability of indicators of the metabolic 
syndrome from childhood and adolescence to young 
adulthood: the Quebec Family Study. J Clin Epidemiol 
2001; 54: 190-195. doi:  10.1016/S0895-4356(00)00315-2.

24. Burke V, Beilin L, Simmer K, Oddy W, Blake K, Doherty 
D et al. Predictors of body mass index and associations 
with cardiovascular risk factors in Australian children: 
a prospective cohort study. Int J Obes 2005; 29:15. doi: 
10.1038/sj.ijo.0802750.

25. Pouliot M-C, Després J-P, Lemieux S, Moorjani S, Bouchard 
C, Tremblay A, et al. Waist circumference and abdominal 
sagittal diameter: best simple anthropometric indexes of 
abdominal visceral adipose tissue accumulation and related 
cardiovascular risk in men and women. Am J Cardiol 1994; 
73:460-468. doi: 10.1016/0002-9149(94)90676-9.

26. Taksali SE, Caprio S, Dziura J, Dufour S, Calí AM, Goodman 
TR, et al. High visceral and low abdominal subcutaneous 
fat stores in the obese adolescent. Diabetes 2008; 57:367-
371. doi.:10.2337/db07-0932.

27. Gower BA, Nagy TR, Goran MI. Visceral fat, insulin 
sensitivity, and lipids in pre-pubertal children. Diabetes 
1999; 48:1515-1521.doi: 10.2337/diabetes.48.8.1515.

28. Caprio S, Hyman LD, McCarthy S, Lange R, Bronson M, 
Tamborlane WV. Fat distribution and cardiovascular risk 
factors in obese adolescent girls: importance of the intra-
abdominal fat depot. Am J Clin Nutr 1996; 64:12-17. doi: 
10.1093/ajcn/64.1.12.

29. Borruel S, Molto JF ,  Alpanes M,  Fernandez-Duran 
E,  Alvarez-Blasco F, Luque-Ramırez M, et al. Surrogate 
markers of visceral adiposity in young adults: waist 
circumference and body mass index are more accurate than 
waist hip ratio, model of adipose distribution and visceral 
adiposity index. PLoS One 2014; 5: e114112. doi: 10.1371/
journal.pone.0114112.

30. Al-Daghri NM, Al-Attas OS, Alokail M, Alkharfy K, 
Wani K, Amer OE, et al. Does visceral adiposity index 
signify early metabolic risk in children and adolescents?  
Association with insulin resistance, adipokines, and 
subclinical inflammation. Pediatr Res 2014; 75:459-463.
doi: 10.1038/pr.2013.229.

https://doi.org/10.1186/1476-511X-10-183
https://doi.org/10.1186/1476-511X-10-183
https://doi.org/10.1186/1475-2840-11-20
https://doi.org/10.1186/1475-2840-11-20
https://doi.org/10.1111/eci.12030
https://doi.org/10.1111/eci.12030
https://doi.org/10.1186/s40200-014-0120-3
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x
https://doi.org/10.1016/S0895-4356(00)00315-2
https://doi.org/10.1038/sj.ijo.0802750
https://doi.org/10.1038/sj.ijo.0802750
https://doi.org/10.1016/0002-9149(94)90676-9
https://doi.org/10.2337/db07-0932
https://doi.org/10.2337/diabetes.48.8.1515
https://doi.org/10.1093/ajcn/64.1.12
https://doi.org/10.1093/ajcn/64.1.12

