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Abstract

Background: The association between central obesity and cardiometabolic complications 
justifies exploring its association in normal-weight and overweight/obese (OW/OB) 
schoolchildren.
Objective: To describe cardiometabolic markers in four groups according to BMI/WC 
categories: (i) normal weight with central OB; (ii) normal weight without central OB;  
(iii) OW/OB with central OB and (iv) OW/OB without central OB, in a sample of 
Argentinean schoolchildren.
Methods: A cross-sectional study of 1264 Argentinean schoolchildren (624 F), aged  
9.5 ± 2.2 years was performed between November 2013 and 2015. Children’s 
anthropometric measures, blood pressure (BP), glucose, lipids, and insulin were 
measured. Children were divided into four groups: (i) normal weight with central OB;  
(ii) normal weight without central OB; (iii) OW/OB with central OB and (iv) OW/OB without 
central OB.
Results: The prevalence of normal-weight children without central OB was 64.3% (796), 
normal weight with central OB 5% (66), OW/OB without central OB 11% (137), and 
OW/OB with central OB 21% (265). Normal weight with central OB had significantly 
higher triglycerides than normal-weight children without central OB (86 vs 70 mg/dL, 
respectively) and OW/OB children without central OB (81 vs 77 mg/dL). Multiple linear 
regression analyses showed that age, systolic BP, HDL-C, triglycerides, and maternal  
WC were significantly associated with children’s WC; R2 = 0.50 as well as children’s  
BMI; R2 = 0.37.
Conclusion: This study found that children with central OB might be at future higher 
cardiometabolic risk than those without central OB independently of the presence of OW/OB. 
However, future longitudinal studies should be performed to confirm these findings.

Introduction

The current definition of overweight/obesity (OW/OB) 
using BMI has been questioned by current studies in adults, 
suggesting that BMI might not be the best indicator of 
cardiometabolic risk (1). The present definition of pediatrics 

OW/OB is based on BMI and might omit children with 
cardiometabolic complications but who have a normal 
weight (2). Furthermore, three classifications based on 
growth charts developed by the Center for Disease Control 
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(CDC), the World Health Organization (WHO), or the 
International Working Group on Obesity (IOTF) are used 
internationally. However, according to each definition, 
OW/OB's prevalence varies, being higher with the WHO 
definition, intermediate with the CDC, and lower with the 
IOTF (3). Therefore, there is still no international standard 
definition for childhood OW/OB. Besides, BMI has limited 
specificity for determining the degree of adiposity as it 
cannot identify ectopic fat deposits in the liver and the 
visceral compartments (4).

In the 1980s, Ruderman et al. studied a group of adults 
who had normal weight but who were metabolically 
unhealthy as they presented lower insulin sensitivity, 
higher triglycerides, and cardiovascular disease (5). 
Normal-weight adults with central OB, according to waist 
circumference (WC) cutoff, had the highest mortality risk 
compared with normal-weight subjects without central OB 
(6). Location is key when it comes to body fat distribution 
and is the main contributor to cardiometabolic risk (7). 
Our group found that WC in children was significantly 
associated with greater cardiometabolic risk (8). 
Accordingly, the Bogalusa Heart Study found that central 
OB was associated with an elevation of triglycerides, 
decreased HDL-C, and increased blood pressure (BP) (9), 
all components of cardiometabolic complications. A 
recent multicenter study from four areas of Argentina 
performed by our group in more than 1200 schoolchildren 
showed that OW/OB was associated with poorer dietary 
intake compared with normal weight (10). However, 
there is limited information about the distribution of 
cardiometabolic markers in normal weight and OW/OB 
Argentinean schoolchildren with and without central OB. 
The objective of the study was to describe cardiometabolic 
markers in four groups of children according to BMI/WC 
categories: (i) normal weight with central OB, (ii) normal 
weight without central OB, (iii) OW/OB with central 
OB, and (iv) OW/OB without central OB in a sample  
of schoolchildren living in Lavallol, Buenos Aires  
suburbs, Argentina.

Methods

This cross-sectional study was performed in Buenos Aires 
suburbs, Argentina, between November 2013 and 2015. 
The study was approved by the Human Rights Committee 
of the University of Buenos Aires. Each parent and child 
gave written informed consent after an explanation of the 
study and before its initiation. The study was conducted in 
accordance with the Declaration of Helsinki.

For the selection of the sample of children, a two-
stage cluster sampling was applied. The sample framework 
was the schools listed in each area from Lavallol, Buenos 
Aires suburbs. We considered the number of students for 
each school. In the first stage, the schools were selected 
using Sampford proportional to size sampling method, 
which was programmed in R. The number of schools 
selected was determined previously so that the number 
of students included in them will ensure an error of 
approximately 5% in each area with a 95% CI, considering 
the correction factor for the finite population. Within the 
schools, the students were randomly selected. Given the 
fact that in a previous study, the prevalence of OW/OB 
was approximately 33% among children (11), the sample 
size was estimated to achieve an error lower than 0.05. We 
examined approximately 1300 children, which means that 
the global sample error was less than 0.026. The sample is 
robust enough to represent the town of Lavallol, located in 
the western Buenos Aires suburbs.

Exclusion criteria were as follows: missing BMI 
information; not having fasted for at least 10 h; children 
with known diabetes or other chronic disease and using 
medication that would affect BP or glucose or lipid 
metabolism was excluded. The overall response rate was 
83.5% of students. There was no significant difference in 
the mean age (P = 0.81), BMI (P = 0.16), gender (P = 0.11), 
or socioeconomic class among all the school children and 
those who were included in the study.

Sociodemographic characteristics recorded included 
the level of education and the presence or absence of a 
refrigerator or a dirt floor in the house. These two indicators 
are used to identify families of very low socioeconomic 
status by the National Statistics and Censuses Institute of 
Argentina (12).

Height, weight, and WC were measured with 
participants wearing light clothing and no shoes. BMI was 
calculated as weight (in kilograms) divided by height (in 
meters) squared. BMI z-scores (BMI-z) were also determined 
(13). Children were classified as normal weight (5th to <85th 
percentile), overweight (OW) (85th to <95th percentile), 
or OB (≥95th percentile) according to the US Centers for 
Disease Control and Prevention (CDC) norms (13). The WC 
measurement was performed at the level of the umbilicus 
and was recorded at 0.1 cm (14). A flexible non-elastic tape 
measure was used with the child standing without clothing 
covering the waist area. Central OB was defined for children 
as waist circumference ≥90th percentile for age and 
gender based on 3000 normal Argentinean children (11). 
Children were divided into four groups: (i) normal weight 
with central OB; (ii) normal weight without central OB;  
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(iii) OW/OB with central OB and (iv) OW/OB without  
central OB. BP was measured by certified medical 
professionals in a standardized manner (15).

Plasma glucose was assessed by the glucose oxidase 
technique, and serum lipids were measured with a 
Modular P analyzer (Hitachi High Technologies Corp.). 
Serum insulin levels were determined by RIA (Diagnostic 
Products, Los Angeles, CA), and insulin did not cross-react 
with proinsulin or C-peptide (percentage coefficient of 
variance, 5.2–6.8%).

Data analysis

When comparing two groups with normally distributed 
data, a Student's t-test was performed. When comparing 
more than two groups and with data that were normally 
distributed, a one-way ANOVA was used (Student–Newman–
Keuls post hoc test). When the homogeneity of the variances 
could not be proven, we used the non-parametric Brown–
Forsythe test, with T3 Dunnett post hoc test. Variables with 
a skewed distribution were logarithmically transformed 
for analysis. After log transformation, the data were tested 
again to confirm the findings. Bonferroni’s adjustment was 
carried out when many comparisons were performed.

The primary focus of the study was to determine the 
association between central OB and cardiometabolic 
risk in both normal weight and OW/OB Argentinean 
schoolchildren.

We performed multiple linear regression analyses using 
WC or BMI as dependent variables and age, gender, BPs, 

lipid levels, insulin levels, and maternal BMI and WC as 
independent variables in order to determine the association 
of each anthropometric variable and cardiometabolic 
risk factors. The data are expressed as means ± s.d. or 
percentages. P values < 0.05 were considered significant. 
Analyses were performed using the SPSS statistical software 
package SPSS version 22.0®.

Results

A cross-sectional study of 1264 Argentinean schoolchildren 
(624 females), aged 9.5 ± 2.2 years was performed between 
November 2013 and 2015. Socioeconomic level: 18.1% of 
the fathers and 21.6% of the mothers had an elementary 
school education or less. None of the families had a dirt 
floor and only 2.9% did not have a refrigerator.

Clinical and metabolic characteristics of the sample 
according to gender are described in Table 1. There were 
no significant differences in mean values of weight, height, 
BMI, z-BMI, systolic and diastolic BP, hemoglobin, or 
cholesterol between girls and boys. However, girls were 
older and had significantly higher triglycerides, insulin, 
and triglycerides/HDL-C levels than boys. In contrast, 
glucose levels were higher in boys than in girls.

The prevalence of OW/OB was 32% (405) and central 
OB was 24.5 % (310). Children were divided in four groups 
(i) normal weight with central OB; (ii) normal weight 
without central OB; (iii) OW/OB with central OB and (iv) 
OW/OB without central OB) (Table 2). The prevalence of 

Table 1 Clinical and metabolic characteristics according to gender. Data are presented as mean ± s.d. Z-score is a quantitative 
measure of the deviation of a specific variable taken from the mean of that population. CDC z-BMI takes into account age and sex.

Male (n = 640;50.6%) Female (n = 624;49.4%) Total (n = 1264)

Age (years) 9.38 ± 2.13 9.67 ± 2.21a 9.52 ± 2.17
Height (m) 1.34 ± 0.13 1.35 ± 0.14 1.34 ± 0.13
z-Height −0.25 ± 0.95 −0.27 ± 0.93 −0.26 ± 0.94
WC (cm) 64.82 ± 11.05 65.29 ± 10.78 65.05 ± 10.92
Systolic BP (mmHg) 94.25 ± 13.58 93.4 ± 14.51 93.83 ± 14.05
Diastolic BP (mmHg) 57.47 ± 9.76 57.26 ± 9.93 57.36 ± 9.84
BMI 18.67 ± 3.75 18.77 ± 3.64 18.72 ± 3.7
z-BMI 0.6 ± 1 0.5 ± 0.98 0.55 ± 0.99
Hb (g/dL) 13.23 ± 0.84 13.22 ± 0.9 13.23 ± 0.87
Total cholesterol (mg/dL) 151.11 ± 27.56 153.99 ± 27.19 152.53 ± 27.4
TG (mg/dL) 73.48 ± 36.74 81.45 ± 38.46b 77.41 ± 37.79
HDL-C (mg/dL) 49.86 ± 11.88 48.95 ± 11.67 49.41 ± 11.78
Glucose (mg/dL) 79.18 ± 8.84 77.57 ± 8.49b 78.38 ± 8.71
Insulin (IU/dL) 5.17 ± 4.21 6.67 ± 6.4b 5.89 ± 5.43
TG/HDL-C 1.64 ± 1.31 1.82 ± 1.12b 1.73 ± 1.22
Non-HDL-C (mg/dL) 101.09 ± 25.25 105 ± 25.44 103.02 ± 25.41

aP < 0.05 and bP < 0.01.
BP, blood pressure; TG, triglycerides; z-BMI, BMI z-score. 
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normal weight children without central OB was 64.3% 
(796), normal weight with central 5% (66), OW/OB 
without central OB 11% (137), and OW/OB with central 
OB 21% (265). We found that normal-weight children 
with central OB had significantly higher triglycerides than 
normal weight and OW/OB children without central OB. 
It is interesting to note that normal-weight children with 
central OB had lower BMI but higher WC than OW/OB 
children without central OB. Finally, OW/OB children with 

central OB had significantly higher systolic and diastolic 
BP, triglycerides, triglycerides/HDL-C, non-HDL-C, insulin 
levels, and lower HDL-C than OW/OB children without 
central OB.

Multivariate associations

Multiple linear regression analyses showed that age, 
systolic BP, HDL-C, triglycerides, and maternal WC were 

Table 2 Clinical characteristics by central OB in normal weight and OW/OB children. Data are presented as mean ± s.d. Z-score is 
a quantitative measure of the deviation of a specific variable taken from the mean of that population. CDC z-BMI takes into 
account age and sex.

Normal weight without 
central OB (n = 796; 63%)

Normal weight with 
central OB (n = 66; 5%)

OW/OB without central 
OB (n = 137; 11%)

OW/OB with central  
OB (n = 265; 21%)

Age (years) (a,b) 9.53 ± 2.18 9.86 ± 2.74 8.94 ± 1.96 9.73 ± 2.13
Height (m) (b,c,e) 133.11 ± 13.1 137.84 ± 15.49 131.73 ± 12.26 138.97 ± 12.08
BMI (g) 16.79 ± 1.7 18.72 ± 2 20.14 ± 1.92 23.84 ± 3.78
WC (cm) (g) 59.84 ± 6.22 72.58 ± 8.22 64.84 ± 7.2 79.52 ± 10.13
z-BMI (g) −0.01 ± 0.71 0.65 ± 0.36 1.38 ± 0.32 1.81 ± 0.4
z-Height (a,b,e) −0.46 ± 0.9 −0.08 ± 0.86  −0.16 ± 0.91 0.28 ± 0.88
Systolic BP (mmHg) (b,e,f) 91.67 ± 12.98 93.93 ± 13.09 93.74 ± 14.11 100.51 ± 15.39
Diastolic BP (mmHg) (a,b,e) 55.85 ± 9.3 57.48 ± 9.87 58.26 ± 9.35 61.42 ± 10.45
Hb (g/dL)(b,c) 13.21 ± 0.82 13.69 ± 1.61 13.02 ± 0.69 13.23 ± 0.87
HDL-C (mg/dL) (b,e,f) 50.97 ± 11.69 49.33 ± 13.49 49.9 ± 10.38 44.03 ± 10.84
TG (mg/dL) (b,c, d,e,f) 70.23 ± 29.92 85.64 ± 27.35 70.47 ± 26.86 101.03 ± 52.57
TG/HDL-C (b,c,e,f) 1.48 ± 0.81 1.88 ± 0.89 1.51 ± 0.74 2.57 ± 1.93
Non-HDL-C (b,e) 100.16 ± 25.71 105.81 ± 22.13 103.66 ± 20.71 110.7 ± 25.58
Total cholesterol (mg/dL) 151.25 ± 28.11 156.09 ± 24.18 153.56 ± 22.2 154.71 ± 27.81
Glucose (mg/dL) 77.9 ± 8.83 79.41 ± 10.47 79.39 ± 8.44 79.18 ± 7.9
Insulin IU(b,e) 5 ± 5.23 7.14 ± 5.56 6.13 ± 4.31 8.6 ± 5.69
Maternal BMI (a,c,e,f) 25.1 ± 5.83 24.38 ± 5.8 28.02 ± 7.44 28.97 ± 7.72
Maternal WC (cm) (a,e) 86.77 ± 12.05 91.63 ± 11.51 92.48 ± 13.82 96.72 ± 13.62

Significant differences (P values < 0.05) were found between (a) normal weight without central OB vs OW/OB without central OB; (b) OW/OB without 
central OB vs OW/OB with central OB; (c) normal weight with central OB vs OW/OB without central OB; (d) normal weight without central OB vs normal 
weight with central OB; (e) normal weight without central OB vs OW/OB with central OB; (f) normal weight with central OB vs OW/OB with central OB; (g) 
all categories are significantly dif ferent.
BP, blood pressure; OB, obesity; OW, overweight; TG, triglycerides; z-BMI, BMI z-score.

Table 3 Multiple linear regression analyses.

Non-standardized coeff beta Standard error  Standardized coeff beta t Significance

Model 1: WC as the dependent variable (R2 = 0.50)
 Gender −0.46 0.57 −0.02 −0.81 0.42
 Age (years) 2.21 0.15 0.41 14.71 <0.001
 Systolic BP (mmHg) 0.13 0.03 0.15 4.09 <0.001
 Diastolic BP (mmHg) 0.04 0.04 0.03 0.92 0.36
 HDL-C (mg/dL) −0.10 0.03 −0.11 −3.97 <0.001
 TG (mg/dL) 0.06 0.01 0.23 8.21 <0.001
 Maternal WC (cm) 0.22 0.02 0.27 10.30 <0.001
Model 2: BMI as the dependent variable (R2 = 0.37)
 Gender −0.14 0.19 −0.02 −0.72 0.47
 Age (years) 0.47 0.05 0.28 9.74 <0.001
 Systolic BP (mmHg) 0.05 0.01 0.18 4.50 <0.001
 Diastolic BP (mmHg) 0.02 0.01 0.05 1.33 0.18
 HDL-C (mg/dL) −0.04 0.01 −0.14 −4.73 <0.001
 TG (mg/dL) 0.02 0.00 0.25 8.69 <0.001
 Maternal BMI 0.12 0.02 0.22 7.91 <0.001
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significantly associated with children’s WC; adjusted 
for gender and diastolic BP, R2 = 0.50 (Table 3, model 1). 
In addition, age, systolic and diastolic BP, triglycerides, 
and maternal BMI were associated with children’s BMI; 
adjusted for gender and diastolic BP, R2 = 0.37 (Table 3, 
model 2). Adjusted-R-squared measures the strength of 
the relationship between our models and the dependent 
variable. Adjusted-R2 value was higher in the multivariate 
model using WC as the dependent variable (model 1), 
suggesting a slightly better fitting when compared with 
model 2 (using BMI as the dependent variable).

Discussion

The present study found that normal-weight 
schoolchildren with central OB had higher triglycerides 
than normal-weight children without central OB and OW/
OB children without central OB. Besides, OW/OB children 
with central OB had higher BP, lipids, and insulin levels 
than OW/OB children without central OB. These suggest 
that central OB was associated with higher cardiometabolic 
markers, independently of the presence of OW/OB. There 
is strong evidence demonstrating that higher WC is 
associated with cardiometabolic complications in adults, 
even in individuals with BMI within the normal range 
(16). A 30-year Australian report (1985–2015) found that 
the prevalence of central OB doubled the prevalence of OB 
in primary school children, while the OB rates remained 
stable. The authors suggested that BMI is a surrogate 
measure for total adiposity and does not describe body 
fat distribution, which may be strongly associated with 
cardiometabolic complications than total adiposity (17). 
As far as we know, no large studies have been conducted 
in Argentinean schoolchildren about the distribution of 
cardiometabolic markers in (i) normal weight with central 
OB; (ii) normal weight without central OB; (iii) OW/OB 
with central OB and (iv) OW/OB without central OB. We 
concluded that children with central OB might be at future 
higher cardiometabolic risk than those without central 
OB independently of the presence of OW/OB. However, 
future longitudinal studies should be done to confirm  
these findings.

OB is strongly correlated with a significant number 
of cardiometabolic disorders (18). A follow-up study 
performed in 276,835 Danish schoolchildren found that 
the risk of any coronary heart disease among adults was 
positively associated with BMI at 7–13 years of age for boys 
and 10–13 years of age for girls (19). Since the publication 
of the BMI percentiles by the Centers for Disease Control 

in 2000 (2), pediatricians have been using BMI for OW/OB 
screening. However, different studies showed that central 
OB was closely associated with cardiometabolic risk (5, 8, 
9, 16). Consistently, the present study showed that WC was 
a better marker of cardiometabolic complications than BMI 
after adjustments for confounding variables. It has been 
shown that measurements of central OB, principally WC, 
were more closely related to metabolic risk factors than 
the index of general adiposity (20). Park et al. found that 
WC was a better predictor of coronary artery calcification 
than BMI (21). Furthermore, a study performed in 160 
OW/OB children showed that those with WC above the 
90th percentile had increased left ventricular mass index 
and concentric hypertrophy (22). They suggested that OB 
children with higher WC should be closely followed up 
to avoid future cardiovascular diseases (23). Consistently, 
our group previously found that the left atrial area was 
significantly associated with WC in children, suggesting 
that WC was a risk factor for left area enlargement (22). Left 
area enlargement was associated with an increased risk of 
stroke and death in adults (24).

The KNHANES (2013–2015) studied more than 10,000 
normal-weight Koreans and showed that central OB was 
associated with impaired fasting glucose and diabetes in 
men and hypertriglyceridemia and low HDL-C in women 
(2). They concluded that cardiometabolic complications 
were associated with central OB in Korean adults with 
normal BMI, suggesting that control of central OB in 
adults with normal weight was highly recommended 
(25). The present study showed that both normal weight 
and OW/OB schoolchildren with central OB had higher 
cardiometabolic markers compared with those without 
central OB. Consistently, Wildman et  al. showed that 
the major risk factors for cardiometabolic abnormalities 
among individuals with normal weight were older age, 
lower physical activity, and larger WC (16). Furthermore, 
Matsuzawa (26) reported evidence that Japanese Sumo 
wrestlers were metabolically healthy probably due to 
normal amounts of central adiposity despite consuming 
5000–7000 kcal/day. However, when they took a 
break from wrestling, cardiometabolic complications 
emerged, suggesting that physically active individuals 
might also be protected. Dvorak et  al. (27) showed that 
total daily energy expenditure due to physical activity 
might explain differences in body fat distribution in 
metabolically unhealthy normal-weight individuals. 
The mechanisms related to the larger WC in normal and 
OW/OB subjects are unclear but might be associated with 
high secretory adipose tissue or increased responsiveness 
to the effects of adipokines (16). A review proposed that 
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excess caloric intake leads to an increase in body fat. The 
expansion ability of the s.c. fat tissue determines the 
lipid partition profile (28). Those with a greater ability 
to expand the s.c. depot will have less intra-abdominal 
and hepatic/muscle fat deposition and, therefore, will 
be more sensitive to insulin (28). Those with an inability 
to expand their s.c. fat will have an unfavorable lipid 
partition profile with increased intra-abdominal lipid 
deposition and, therefore, higher waist circumference, 
liver/muscle fat deposition, and insulin resistance 
(28). There are no sufficient data about the influence of 
genetics and epigenetics among healthy and unhealthy 
phenotypes. However, it is probable that both genetic 
and epigenetic variation might be associated with these 
different phenotypes (29). Moreover, limited genome-
wide integrative analyses have been performed yet (29). 
In that case, healthier lifestyle behaviors should be 
promoted in children with central OB in order to prevent 
future cardiometabolic complications.

Limitations

Only WC was used to define central OB; this may not be 
an accurate evaluation of visceral fat. If abdominal MRI 
or dual-energy x-ray absorptiometry is used to measure 
visceral fat, more accurate central OB results can be 
obtained. The influence of fat distribution may be more 
clearly determined. Moreover, because this study was 
cross-sectional, we could not investigate the chronological 
relationship between variables and central OB so we could 
not identify any causal relationships. Finally, this study 
lacked information regarding physical activity, dietary 
habits, and family history of cardiovascular disease.

The strength of our study included the large school-age 
population-based sample of apparently normal children 
from Lavallol exploring cardiometabolic characteristics 
in normal weight and OW/OB children with and without 
central OB. The high response rate of the children, the 
collection of fasting blood samples, and the use of multiple 
regression models allowed investigators to account for the 
complex interrelationships between these physiologic 
traits and potential confounders such as gender, age, 
children’s BPs, lipid, glucose, and insulin as well as 
maternal WC and BMI.

There is no absolute standard for a ‘good’ value of 
adjusted R2. It depends on the situation, in particular, 
on the ‘signal-to-noise ratio’ in the dependent variable. 
These factors limit interpretations of the differences 
observed between our two multivariate models.  

However, we found that children with central OB had higher 
values of cardiometabolic markers than those without  
central OB.

Conclusion

This study found that children with central OB might be 
at future higher cardiometabolic risk than those without 
central OB independently of the presence of OW/OB. 
However, future longitudinal studies should be performed 
to confirm these findings.
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