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Objectives: To evaluate the association between visceral fat and cardiovascular risk factors and to
compare the ultrasonographic measurements of abdominal visceral fat with abdominal circum-
ference (AC).
Methods: This observational cross-sectional study categorized pubertal and postpubertal adoles-
cents into a control group (n ¼ 49) and an obese group (n ¼ 46). Weight, height, AC, blood pressure,
biochemical tests (lipid profile, triacylglycerols, fasting glucose for insulinemia, and serum uric
acid), and ultrasound to measure visceral fat were assessed.
Results: We found significant differences in the vascular risk variables between the groups, except
for total cholesterol and fasting blood glucose level. We also observed that 31 subjects in the
control group presented abnormalities in cardiovascular risk factors. The correlations between
abdominal visceral fat (measured by ultrasound or the AC) and cardiovascular risk factors were
significant. In the entire sample, AC presented better sensitivity and specificity than the
ultrasound-measured abdominal visceral fat for identifying the presence of a cluster of at least
three cardiovascular risk factors (areas under the receiver operating characteristics curve 0.87 and
0.73, respectively).
Conclusion: Ultrasonographic measurements of visceral fat were correlated with cardiovascular risk
factors, but this association was also demonstrable with AC measurements. Our results suggest that
the measurement of visceral fat by ultrasound is unnecessary for the diagnosis of cardiovascular
risk in well-nourished or obese adolescents.

� 2013 Elsevier Inc. Open access under the Elsevier OA license. 
Introduction

It is difficult to estimate the global prevalence of overweight
and obesity in children and adolescents because the methods
used in the evaluation of these two conditions vary among
countries. In Brazil, studies carried out after the 1990s showed
an increase in overweight of 0.5% per year. [1] An analysis based
on four national Brazilian investigations (National Study on
Family Expenditures, 1974–1975; National Research on Health
and Nutrition, 1989; Research on Family Budget, 2002–
2003 and 2008–2009) showed a continuous increase in the
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prevalence of overweight and obesity. In adolescents, the
prevalence of overweight has tripled in the past 20 y, affecting
one-fifth to one-third of all the young people who were
analyzed in the investigations. In the 34-y span from the
investigation in 1974 to 1975 until the more recent one in 2008
to 2009, the prevalence of overweight has increased by a factor
of 6 in boys (from 3.7% to 21.7%) and by a factor of almost 3 in
girls (from 7.6% to 19.4%) [2].

Obese adolescents are more likely to become obese adults
than normal-weight adolescents [3,4]. Studies have suggest that
the duration of obesity is directly associated with the morbidity
and mortality related to metabolic, cardiovascular, respiratory,
visceral, orthopedic, dermatologic, and neurologic factors and
with the morbidity and mortality related to hormonal abnor-
malities [5,6].

The excess of adipose tissue in obesity, and especially the
visceral adipose tissue (VAT), is associated with insulin resistance,
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Table 1
Demographic data for the obese and control groups

Variable Obese Min–Max Control Min–Max P
(n ¼ 46) (n ¼ 49)

Age 15.5 � 1.5 12.6–19.1 16.2 � 1.3 14.0–19.9 0.01
Weight (kg) 94.6 � 19.4 64.4–170.8 59 � 8.7 40.7–79.9 <0.01
Height (cm) 167.6 � 8.7 149.5–191.0 167.6 � 8.7 150.2–201.5 0.98
BMI (kg/m2) 33.5 � 4.9 26.9–52.7 20.9 � 2.0 17.1–26.0 <0.01
BMI SDS 2.8 � 0.7 2.0–5.6 0.6 � 0.7 �1.5 to 1.1 <0.01
Height SDS 0.4 � 0.9 �1.5 to 3.0 0.0 � 1.0 �1.7 to 4.1 0.08

BMI, body mass index; Max, maximum; Min, minimum, SDS, SD score
Values are presented as mean � SD
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hyperglycemia, dyslipidemia, hypertension, and prothrombotic
and proinflammatory states [7]. During childhood and adoles-
cence, the amount of VAT represents less than 10% of total
abdominal fat, but it is known that the accumulation of VAT
increases with age [8].

The use of weight- and stature-based indicators in the anthro-
pometric evaluation of children is widespread, but to determine
a better diagnosis, it is interesting to associate information ob-
tained from other measurements and methods, such as physical
and laboratory examinations [9].

The methods used most often to measure total fat (e.g., the
body mass index [BMI]) do not predict the quantity of VAT [10].
Among the methods available to measure the quantity of VAT,
the use of anthropometric measurements (circumferences) is
widespread. These measurements, although at least in theory
not as accurate as the evaluation by imaging methods, are more
practical and have good reproducibility [10–12].

Although accurate and used as references in the evaluation of
the VAT, imaging methods such as computed tomography (CT)
and magnetic resonance imaging have the disadvantage of being
more expensive and exposing individuals to radiation [6,13].
Ultrasound (US) has been proposed as an alternative method for
the evaluation of visceral adiposity because it has a good corre-
lation with the results obtained by CT and is simpler, less
expensive, and free of radiation. Thus, it has been argued that the
US evaluation of VAT improves the diagnosis of visceral adiposity
[11,14].

Because obesity is an increasing public health concern in
adolescents, adequately treating excess weight and the meta-
bolic syndrome is fundamental to decrease the risk of cardio-
vascular complications [15]. The identification of simple and
accurate low-cost methods showing a better correlation with
cardiovascular risk factors might play an important role in
reaching an early diagnosis of these problems. The objectives of
the present study were to 1) determine the association between
visceral fat and cardiovascular risk factors and 2) evaluate
comparatively the associations of visceral fat measurements by
abdominal US and abdominal circumference (AC) in their rela-
tion to a cluster of cardiovascular risk factors.

Materials and methods

We carried out a cross-sectional study in pubertal and postpubertal adoles-
cents. The Tanner sexual maturation stages IV and V were used for boys [16]; for
girls, the postpubertal stagewas defined as 2.5 y after menarche. The participants
who took part in the study were selected by convenience among the patients
who came to medical appointments in the pediatric outpatient units at the
Federal University of S~ao Paulo and had not undergone suppressed nutritional
intervention previously. The study was approved by the university ethics and
research committee (0462/020).

The patients were normal weight or obese, according to the curves and
cutoffs from the Centers for Disease Control and Prevention [17]. Only patients
above the 95th percentile were considered obese. The following exclusion
criteria were adopted: 1) adolescents who presented with malnutrition, 2)
pregnant women, 3) patients using medication to control blood pressure, and 4)
patients who reported endocrine or neurologic disorders.

By convenience, we adopted a sample composed by 95 adolescents whowere
categorized into a control group (49 normal-weight adolescents, 25 boys and
24 girls) and an obese group (46 obese adolescents, 21 boys and 25 girls).

All the participants underwent evaluations of body weight (kilograms),
height (centimeters), blood pressure (millimeter of mercury), AC (centimeters),
and biochemical tests. Abdominal US was carried out to determine visceral and
subcutaneous fat amounts. The BMI was obtained using the following formula:
BMI ¼ weight (kilograms)/height (meters) squared. The values of BMI were
analyzed in percentiles and Z scores using Epi Info 3.5.3 (Atlanta, GA, USA).

The AC was measured with an inextensible measuring tape to an accuracy of
0.1 cm placed at themidpoint between the iliac crest and the last costal arch with
the subject in a standing position. The values were analyzed in percentiles, as
proposed by McCarthy et al. [18], and were considered cardiovascular risks
carriers in those adolescents no older than 17 y old whose AC was above the 90th
percentile [18]. For adolescents older than 17 y, we adopted the classification
used for adults according to the National Institutes of Health [19].

The US technique described by Ribeiro-Filho et al. [11] was used to determine
the visceral fat based on a previous study performed in our institution by the
adult nephrology department [11]. In that study, visceral fat measured by US
showed a high correlation with CT-determined visceral fat (r ¼ 0.67, P < 0.0001).
The US method showed good reproducibility, with an intraobserver variation
coefficient lower than 2%. In short, using a 3.5-MHz probe located 1 cm from the
umbilicus, the US measurement of intra-abdominal fat, defined as the distance
from the internal face of the rectoabdominal muscle to the anterior wall of the
aorta, was performed [11].

Blood pressurewasmeasured three timeswith a semiautomatic oscillometric
monitor (Microlife, [Clearwater, FL, USA] model BP 3BTO-A; registered at the
National Agency of Sanitary Surveillance under no. 10222460029/0025 and the
U.S. Food and Drug Administration under no. 5164820186) at the time of
a volunteer’s recruitment, and the arithmeticmeanof the three valueswas used to
interpret the results [20].

All volunteers were asked to fast for 12 h before the tests, and evaluations of
serum fasting glucose, lipid profile, triacylglycerols, and uric acid were carried out
by conventional methods. Fasting insulinemia was measured by immuno-
fluorometric methods, and we adopted dosages lower than 15.0 mUI/mL as cutoff
values of normality [21]. Tests evaluated the subjects’ lipid profile, including total
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein choles-
terol, and triacylglycerols. The analysis of these results was based on the limits put
forth by the First Brazilian Guidelines for Prevention of Atherosclerosis in Child-
hood and Adolescence [21]. All tests were performed in all 95 subjects, except for
the serum uric acid dosage, which was executed in 94 adolescents.

Insulin resistance was evaluated using the homeostasis model assessment
(HOMA) developed by Turner et al. [22]. We used the value of 3.16 as the cutoff
for normality according to the First Brazilian Guidelines for Prevention of
Atherosclerosis in Childhood and Adolescence [21].

We classified the metabolic syndrome according to the definition provided
by the International Diabetes Federation [23] because it is specific to adolescents.
Moreover, the adolescents who presented a cluster of at least three cardiovas-
cular risk factors were considered as having a risk profile.

To compare proportions between groups (obese versus control), we used the
chi-square test or the Fisher test. When we compared quantitative variables,
Student’s t test for independent samples was used. To evaluate the correlation
between the visceral fat measurements (US VAT and AC) and the cardiovascular
risk variables, we used the Spearman rank correlation. In all tests, a value of 5%
(a < 0.05) was used to reject the null hypothesis.

To estimate if US could be used to assess visceral obesity, we also performed
CT visceral fat measurements in a subgroup of five subjects from the control
group and the correlation coefficient between US- and CT-measured visceral fat
was good (r ¼ 0.70).

To compare the sensitivity and specificity of visceral fat measurements (US
VAT and AC) for the identification of the cluster of at least three cardiovascular
risk factors, we calculated the area under the receiver operating characteristics
curve for each mode of visceral fat measurement.

Results

The study sample included 95 adolescents; 49 were normal
weight and 46 were obese. The main demographic data of the
sample are listed in Table 1.

We found significant differences in the cardiovascular risk
variables between groups, except for total cholesterol values and
fasting glucose, as presented in Table 2. Interestingly, we
observed that 31 subjects from the control group classified as



Table 2
Variables of cardiovascular risk in the obese and control groups

Variable Obese (n ¼ 46) Min–Max Control (n ¼ 49) Min–Max P

AC (cm) 102.8 � 12.2 86–153 74.4 � 6.3 61–91 <0.01
USVAT (cm) 3.4 � 1.5 1.3–8.0 2.3 � 0.9 0.9–4.3 <0.01
USSCT (cm) 3.3 � 0.9 1.7–5.1 1.1 � 0.7 0.2–3.1 <0.01
Triacylglycerols (mg/dL) 109.0 � 67.8 44–325 75.0 � 41.5 36–301 <0.01
Total cholesterol (mg/dL) 153.3 � 34.9 113–264 144.5 � 27.7 96–217 0.18
HDL cholesterol (mg/dL) 39.6 � 9.3 28–77 50.8 � 12.9 32–89 <0.01
LDL cholesterol (mg/dl) 92.0 � 28.2 52–173 79.6 � 21.1 44–129 0.02
Fasting glucose (mg/dL) 88.0 � 7.1 74–107 86.6 � 10.4 67–108 0.43
Insulinemia (mUI/mL) 16.9 � 10.2 3.8–47.8 7.9 � 3.3 2.4–17.3 <0.01
HOMA 3.7 � 2.3 0.8–10.3 1.7 � 0.8 0.6–3.8 <0.01
Serum uric acid (mg/dL) 6.2 � 1.4 3.6–9.6 5.2 � 1.5 2.4–10.1 <0.01
SBP (mmHg) 121.2 � 11.2 93–143 109.2 � 8.9 89–132 <0.01
DBP (mmHg) 70.5 � 7.4 60–88 63.6 � 8.3 47–88 <0.01

AC, abdominal circumference; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; LDL, low-density lipoprotein; Max,
maximum; Min, minimum; SBP, systolic blood pressure; USSCT, ultrasound-measured subcutaneous tissue; USVAT, ultrasound-measured visceral abdominal tissue
Values are presented as mean � SD score
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having a normal weight exhibited abnormalities involving at
least one cardiovascular risk factor (19 presented one factor,
11 presented two factors, and 1 presented four abnormalities):
triacylglycerols (n ¼ 5), total cholesterol (n ¼ 22), fasting glucose
(n ¼ 3), insulinemia (n ¼ 1), serum uric acid (n ¼ 2), low high-
density lipoprotein (n ¼ 20), and a high HOMA index (n ¼ 2).
Blood pressure was high in two subjects in this group.

When we analyzed the data by sex, most variables behaved
similarly to the total sample, except for fasting glucose, which
exhibited comparable values between obese and control subjects
in the total sample but significant differences between groups in
girls only. In contrast, serum uric acid showed significant differ-
ences in boys only (data not shown).

It is also worth noting that the classification of AC in 13
normal-weight subjects indicated a risk for cardiovascular
diseases (boys, n ¼ 4; girls, n ¼ 9).

As presented in Table 3, the correlations between the fat
measurements and the cardiovascular risk indicators were
significant and comparable, except for the correlations between
VAT and diastolic blood pressure and between VAT and low-
density lipoprotein cholesterol, which were not statistically
significant. No significant correlation was observed between
fasting glucose/total cholesterol and any of the fatty tissue
measurements we analyzed.

When we tested the AC and US VAT measurements for the
diagnosis of a cluster of at least three cardiovascular risk factors,
we observed that AC presented better sensitivity and specificity
Table 3
Correlation coefficients between AC, USVAT, and indicators of cardiovascular disease

AC USVAT

Correlation coefficient P Correla

SBP 0.53 <0.01 0.41
DBP 0.39 <0.01 0.19
TG 0.39 <0.01 0.31
TC 0.17 0.10 0.09
HDL �0.50 <0.01 �0.37
LDL 0.31 <0.01 0.16
Fasting glucose �0.00 0.96 0.1
Fasting insulinemia 0.58 <0.01 0.51
HOMA 0.55 <0.01 0.60
Uric acid 0.40 <0.01 0.33

AC, abdominal circumference; DBP, diastolic blood pressure; HDL, high-density lipopro
maximum;Min, minimum; SBP, systolic blood pressure; TC, total cholesterol; TG, triacy
measured visceral abdominal tissue
than US VAT for the entire sample (Table 4). After analyzing the
subgroups by sex, this difference was observed only in boys,
whereas AC and US VAT were comparable in girls.

Discussion

The clustering of cardiovascular risk factors in subjects from
the obese group stands out in the analysis of the present data,
emphasizing the known association of obesity with a higher
cardiovascular risk [24,25]. In childhood and adolescence, this
behavior is not different, and this phenomenon is all the more
worrying because of its early onset. In this regard, Berenson et al.
[26] highlighted that when metabolic changes are already
present in adolescence, the risk of developing cardiovascular
diseases increases over time [6,26].

Although obese adolescents on average showed more pro-
nounced changes in cardiovascular risk factors, an analysis of the
minimum and maximum values in the present data showed that
the subjects classified as having a normal weight by BMI also
showed changes in their metabolic profile and blood pressure. In
this sample, 31 (63.3%) of the normal-weight subjects showed
some degree of change in their metabolic profile or blood
pressure, and one subject was classified as having metabolic
syndrome. The BMI has been described as insufficient to indicate
health risk and body fat accumulation, despite its widespread use
[6]. In 1981, Rudermanet al. [27] described theprofile of a normal-
weight, metabolically obese individual (“metabolically obese,”
risk
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tion coefficient P Correlation coefficient P
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<0.01 0.22 0.04
0.41 0.14 0.18
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0.12 0.28 <0.01
0.09 �0.07 0.50

<0.01 0.50 <0.01
<0.01 0.47 <0.01
<0.01 0.31 0.02
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lglycerol; USSCT, ultrasound-measured subcutaneous tissue; USVAT, ultrasound-



Table 4
Receiver operating characteristics curves for interaction of visceral fat
measurements and cluster of cardiovascular risk factors

Variables USVAT � Cluster* AC � Cluster*

Total (n ¼ 95) 0.73 (0.61–0.84) 0.87 (0.81–0.94)
Girls (n ¼ 49) 0.75 (0.57–0.93) 0.82 (0.70–0.95)
Boys (n ¼ 46) 0.68 (0.52–0.85) 0.92 (0.84–0.99)

AC, abdominal circumference; USVAT, ultrasound-measured visceral adipose
tissue
Data are presented as area under the curve (95% confidence interval)

* Patients presenting a cluster of at least three cardiovascular risk factors.
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normal weight) as being a normal-weight person by the BMI
classificationwhononethelessdevelops complications associated
with obesity, such as hyperinsulinemia, hyperglycemia, and hy-
pertriglyceridemia. According to these investigators, these indi-
viduals may benefit from a calorie-restricted diet or increased
physical activity because they display characteristics that are
similar to those of obese individuals, such as hyperinsulinemia
and an increase in adipocytes [27]. In agreement with our find-
ings, Kelishadi et al. [28] found some adolescents who, although
classified as having a normal weight by BMI, displayed bio-
chemical abnormalities [28], and Li et al. [29] found hypergly-
cemia (0.7%), hypertriglyceridemia (17.5%), low high-density
lipoprotein (56.0%), and hypertension (14.3%) in normal-weight
adolescents.

In the present study, the measurement of fasting glucose was
not different among subjects from the two groups; this finding
was also seen by Carneiro et al. [3]. Weiss et al. [30] observed that
fasting glucose values above 100 mg/dL during adolescence are
rare. In the pediatric population, insulin resistance seems to
precede thedecrease in the function of b-cells in the development
of diabetes. It is well established that the pancreas, for a deter-
mined period, can adequately compensate for peripheral insulin
resistance by increasing the production of this hormone until the
capacity of these b-cells becomes insufficient to produce insulin
and compensate for the degree of insulin resistance. As a conse-
quence, hyperglycemia emerges, changing a patient’s condition
from glucose intolerant to type 2 diabetic [31].

We also found significantly higher values of insulin and
HOMA in the obese group, which suggests a high production of
insulin by pancreatic b-cells in these individuals and insulin
resistance. High values of fasting insulinemia and HOMA were
also found in other studies carried out in adolescents [32,33]. Sen
et al. [32] found a high prevalence of metabolic syndrome and
insulin resistance in obese adolescents. In a study of Brazilian
postpubertal obese adolescents, high values of fasting blood
glucose and HOMA were also found, with scores at 40.2% and
57.1%, respectively. In this same study, a correlation between
insulin resistance and the quantity of body fat (r ¼ 0.46) was
observed [33].

Since the 1980s, hyperuricemia has been described as
a marker of cardiovascular risk, regardless of the presence of
obesity [34]. Nonetheless, this criterion is not used very often as
a classification factor for metabolic syndrome. The correlation
between hyperuricemia and visceral fat has been observed in
adults. Hikita et al. [35] found an association between a greater
concentration of serum uric acid and VAT dimension. In our
sample, we noticed an association between obesity and higher
levels of serum uric acid, and similar results were found in
children and adolescents with average age of 10 y in a study by
Pacifico et al. [36]. Japanese studies also have reported such an
association, and hyperuricemia was included as a criterion for
metabolic syndrome classification [35,37,38].
Subjects from the obese group in our sample showed higher
values for blood pressure than normal-weight subjects, and we
found a positive correlation between fat measurements (AC and
US VAT) and blood pressure, except for diastolic blood pressure.
These findings are in agreement with other studies in adoles-
cents in which a correlation between body weight and systolic
blood pressure was observed [4,39].

The association between visceral fat and cardiovascular risk
factor markers has been described very well in the literature
[11,24]. In 2001, Ribeiro-Filho et al. [11] reported the correlation
of US measurements of visceral fat to cardiovascular disease
risks. In their study in adults, these investigators reported that
the cardiovascular risk markers used to classify metabolic
syndrome were significantly correlated with the VAT measure-
ment. Similarly, in their study in adults, Leite et al. [40] observed
that the VAT measurement has greater sensitivity and specificity
in identifying individuals with cardiovascular risk factors
compared with the AC, mainly in individuals classified as having
a moderate to high risk of developing cardiovascular diseases.

In our study, the US measurement of VAT was correlated with
most parameters formetabolic syndrome. As amethod, however,
the simple AC measurement was comparable to the US VAT
measurement, and the coefficients of correlation of the AC with
most variables studied were higher than those obtained by VAT
measurement by US. The quantity of VAT seems to increase with
age [8], and the role of the USmeasurement of VAT in identifying
individuals with a higher cardiovascular risk may not be the
same for adolescents and adults.

Conversely, when using the AC, it is important to standardize
the evaluation points and to adopt the correct technique. In
a review written in 2003, Wang et al. [41] found 14 different
points for obtaining this measurement, which makes the clas-
sification of individuals all the more difficult. In our practical
experience, we observed that the measurement of the AC in
obese adolescents, in addition to being observer dependent, is
difficult to perform owing to the excessive amount of adipose
tissue in the central area and the shyness exhibited by some
individuals when exposed to this kind of measurement.

Central obesity has been described as the main factor of the
metabolic complications that cause cardiovascular diseases [26],
and in many consensus protocols and groups, it has been used as
a factor to classify metabolic syndrome [23,42]. The VAT is
known as the most metabolically active factor and the factor
with the strongest relation to metabolic syndrome [43]. In our
sample, the US VAT and the AC showed a significant correlation
with most metabolic parameters analyzed, which suggests that
these two techniques are plausible methods for assessing the
association of central obesity with cardiovascular disease risk
factors.

Reinehr andWunsch [24] compared VAT US and AC measure-
mentswith biochemicalmarkers of cardiovascular disease risks in
89 obese children and adolescents 6 to 18 y old and found coeffi-
cients of significant correlations onlywith theAC [24]. Conversely,
in a study of a sample comprised of 30 obese children at least 6 y
old, all were in the first pubertal stage of the Tanner classification,
Reyes et al. [12] found a better correlation of VAT measurements
by abdominal US with insulin, HOMA, and triacylglycerols
compared with the AC. However, when correlated with the crite-
rion for metabolic syndrome, the two measurements showed
significant correlations [12]. It is important to note that in the
study by Reyes et al. the AC measurements were performed over
the umbilical scar, thus differing from our study. The differences
between the study by Reyes et al. and the present study (sample
size, AC measurement location, and average age) may justify the



H. Seibert et al. / Nutrition 29 (2013) 393–398 397
different results obtained by these studies despite the similar
goals.

When we evaluated the sensitivity and specificity of the AC
andUSVATwith regard to the clusterof cardiovascular risk factors
by sex, the AC showed better sensitivity and specificity for indi-
cating cardiovascular risk in the male group. In contrast, the two
methodswere comparable in indicating cardiovascular risk in the
female group. This may have occurred as a result of pubertal
differences because some adolescents may be in a pubertal stage
longer than others and because of the differences in fat distribu-
tion in the body caused by hormonal differences. A review of
differences inbodycompositionbetweenboys andgirls according
to sexual maturation has indicated that hormonal differences
between genders cause the development of the muscle tissue in
boys to surpass the concentration of adipose tissue differently
from in girls, inwhom the amount of adipose tissue is larger [44].

Our study has methodologic constraints and these should
be pondered when considering the results. Our sample was
selected by convenience, thus our results are more susceptible to
the effect of selection bias. Moreover, the small sample does not
allow us tomake more elaborate inferences about this important
problem for the general population because the statistical power
to show subtle differences is restricted in a study sample of 95
subjects. Also, our study involved exclusively Brazilian adoles-
cents, so our results may not be applicable to other populations
because the genotypic distribution appears to differ among races.
In performing a cross-over study, we have provided merely
a picture of the risk factors that are clustered in a patient, but we
do not have any information about the actual cardiovascular
outcomes. Nevertheless, we hope the present study serves as
a tool for elaborating questions for future researches, and it is not
intended to be a set of definitive answers. The presence of
a control group allowed the establishment of clear gradients
of contrast of the cardiovascular risk factors associated with
obesity, and this is an aspect of the present study that seems
positive to us.

In short, this study supports the clustering of cardiovascular
risk factors in obese adolescents. Moreover, our findings suggest
that an evaluation by US is not superior to the AC measurement
to assess the risks related to obesity. This finding is important for
future studies for possibly decreasing costs and simplifying
research projects. For the medical practice, it strengthens the
notion that the AC measurement should be incorporated in the
anthropometric evaluation of pediatric patients.
References

[1] Lobstein T, Baur L, Uauy R, Task Force IIO. Obesity in children and young
people: a crisis in public health. Obes Rev 2004;5(suppl 1):4–104.

[2] IBGE. Consumer expenditure survey 2010. Available at: http://www.ibge.
gov.br/english/estatistica/populacao/condicaodevida/pof/2008_2009/default.
shtm. Accessed March 15, 2011.

[3] Carneiro JRI, Kushnir MC, Clemente ELS, Brand~ao MG. Gomes MdB. Obesity
in adolescent: risk factor for metabolic clinical complications. Arq Bras
Endocrinol Metab 2000;44:7.

[4] Srinivasan SR, Bao W, Wattigney WA, Berenson GS. Adolescent over-
weight is associated with adult overweight and related multiple car-
diovascular risk factors: the Bogalusa Heart Study. Metabolism 1996;
45:235–40.

[5] Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term morbidity
and mortality of overweight adolescents. A follow-up of the Harvard
Growth Study of 1922 to 1935. N Engl J Med 1992;327:1350–5.

[6] Speiser PW, Rudolf MC, Anhalt H, Camacho-Hubner C, Chiarelli F, Eliakim A,
et al. Childhood obesity. J Clin Endocrinol Metab 2005;90:1871–87.

[7] Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin Endocrinol
Metab 2004;89:2548–56.

[8] Suliga E. Visceral adipose tissue in children and adolescents: a review. Nutr
Res Rev 2009;22:137–47.
[9] Godoy-Matos AF, Guedes EP, Souza LL, Martins MF. Management of obesity
in adolescents: state of art. Arq Bras Endocrinol Metabol 2009;53:252–61.

[10] van der Kooy K, Seidell JC. Techniques for the measurement of visceral fat:
a practical guide. Int J Obes Relat Metab Disord 1993;17:187–96.

[11] Ribeiro-Filho FF, Faria AN, Kohlmann O, Ajzen S, Ribeiro AB, Zanella MT,
et al. Ultrasonography for the evaluation of visceral fat and cardiovascular
risk. Hypertension 2001;38(3 pt 2):713–7.

[12] Reyes M, Espinoza A, Arebollo M, Moraga F, Meriq V, Castillo-Dur�an C. Medi-
ciones de adiposidad intraabdominal por ultrasonido y factores asociados con
riesgo cardiovascular en ni~nos obesos. Rev Med Chile 2010;138:8.

[13] Tornaghi G, Raiteri R, Pozzato C, Rispoli A, Bramani M, Cipolat M, et al.
Anthropometric or ultrasonic measurements in assessment of visceral fat?
A comparative study. Int J Obes Relat Metab Disord 1994;18:771–5.

[14] Radominski R, Vezozzo D, Cerri G, Halpern A. Ultrasound use in abdominal
fat distribution evaluation. Arq Bras Endocrinol Metab 2000;44:7.

[15] Pergher RNQ, Melo ME, Halpern H, Mancini MC. Is a diagnosis of metabolic
syndrome applicable to children? J Pediatr (Rio J) 2010;86:8.

[16] Tanner J. Growth at adolescence. 2nd ed. Oxford: Blackwell; 1962.
[17] Kucmarski R, Ogden C, Grummer-Strawn L, Flegal K, Guo S, Wei R, et al. CDC

growth charts. In: Charts G, editor. 2000.
[18] McCarthy HD, Jarrett KV, Crawley HF. The development of waist circum-

ference percentiles in British children aged 5.0–16.9 y. Eur J Clin Nutr
2001;55:902–7.

[19] National Institute of Health. The practical guide. Identification, evaluation
and treatment of overweight and obesity in adults. Bethesda, MD: NIH
publication; 2000. number 00-4084.

[20] Sociedade Brasileira de Cardiologia. V Brazilian guidelines on arterial
hypertension. Arq Bras Cardiol 2007;89:56.

[21] Sociedade Brasileira de Cardiologia. I guidelines of prevention of athero-
sclerosis in childhood and adolescence. Arq Bras Cardiol 2005;85:36.

[22] Turner RC, Holman RR, Matthews D, Hockaday TD, Peto J. Insulin deficiency
and insulin resistance interaction in diabetes: estimation of their relative
contribution by feedback analysis from basal plasma insulin and glucose
concentrations. Metabolism 1979;28:1086–96.

[23] Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescentsdan IDF consensus report.
Pediatr Diabetes 2007;8:299–306.

[24] Reinehr T, Wunsch R. Relationships between cardiovascular risk profile,
ultrasonographic measurement of intra-abdominal adipose tissue, and
waist circumference in obese children. Clin Nutr 2010;29:24–30.

[25] Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, et al.
Obesity and the risk of myocardial infarction in 27,000 participants from 52
countries: a case–control study. Lancet 2005;366:1640–9.

[26] Berenson GS, Srinivasan SR, Bao W, Newman WP, Tracy RE, Wattigney WA.
Association between multiple cardiovascular risk factors and atheroscle-
rosis in children and young adults. The Bogalusa Heart Study. N Engl J Med
1998;338:1650–6.

[27] Ruderman NB, Schneider SH, Berchtold P. The “metabolically-obese,”
normal-weight individual. Am J Clin Nutr 1981;34:1617–21.

[28] Kelishadi R, Cook SR, Motlagh ME, Gouya MM, Ardalan G, Motaghian M, et al.
Metabolically obese normal weight and phenotypically obese metabolically
normal youths: the CASPIAN Study. J Am Diet Assoc 2008;108:82–90.

[29] Li YP, Yang XG, Zhai FY, Piao JH, Zhao WH, Zhang J, et al. Disease risks of
childhood obesity in China. Biomed Environ Sci 2005;18:401–10.

[30] Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al.
Obesity and the metabolic syndrome in children and adolescents. N Engl J
Med 2004;350:2362–74.

[31] Liu L, Hironaka K, Pihoker C. Type 2 diabetes in youth. Curr Probl Pediatr
Adolesc Health Care 2004;34:254–72.

[32] Sen Y, Kandemir N, Alikasifoglu A, Gonc N, Ozon A. Prevalence and risk
factors of metabolic syndrome in obese children and adolescents: the role
of the severity of obesity. Eur J Pediatr 2008;167:1183–9.

[33] Santos LC, IeP Cintra, Fisberg M, Martini LA. Body trunk fat and insulin
resistance in post-pubertal obese adolescents. Sao Paulo Med J 2008;
126:82–6.

[34] Fessel WJ. High uric acid as an indicator of cardiovascular disease. Inde-
pendence from obesity. Am J Med 1980;68:401–4.

[35] Hikita M, Ohno I, Mori Y, Ichida K, Yokose T, Hosoya T. Relationship between
hyperuricemia and body fat distribution. Intern Med J 2007;46:1353–8.

[36] Pacifico L, Cantisani V, Anania C, Bonaiuto E, Martino F, Pascone R, et al.
Serum uric acid and its association with metabolic syndrome and carotid
atherosclerosis in obese children. Eur J Endocrinol 2009;160:45–52.

[37] Lin KP. The relationship between serum uric acid concentration and
metabolic syndrome in university freshmen. J Nurs Res 2009;17:286–92.

[38] Tamba S, Nishizawa H, Funahashi T, Okauchi Y, Ogawa T, Noguchi M, et al.
Relationship between the serum uric acid level, visceral fat accumulation
and serum adiponectin concentration in Japanese men. Intern Med J
2008;47:1175–80.

[39] Nogueira PC, da Costa RF, Cunha JS, Silvestrini L, Fisberg M. High arterial
pressure in school children in Santosdrelationship to obesity. Rev Assoc
Med Bras 2007;53:426–32.

[40] Leite CC, Wajchenberg BL, Radominski R, Matsuda D, Cerri GG, Halpern A.
Intra-abdominal thickness by ultrasonography to predict risk factors for

http://www.ibge.gov.br/english/estatistica/populacao/condicaodevida/pof/2008_2009/default.shtm
http://www.ibge.gov.br/english/estatistica/populacao/condicaodevida/pof/2008_2009/default.shtm
http://www.ibge.gov.br/english/estatistica/populacao/condicaodevida/pof/2008_2009/default.shtm


H. Seibert et al. / Nutrition 29 (2013) 393–398398
cardiovascular disease and its correlation with anthropometric measure-
ments. Metabolism 2002;51:1034–40.

[41] Wang J, Thornton JC, Bari S, Williamson B, Gallagher D, Heymsfield SB, et al.
Comparisons of waist circumferences measured at 4 sites. Am J Clin Nutr
2003;77:379–84.

[42] Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes
mellitus and its complications. Part 1: diagnosis and classification of
diabetes mellitus provisional report of a WHO consultation. Diabet Med
1998;15:539–53.

[43] Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K,
et al. General and abdominal adiposity and risk of death in Europe. N Engl J
Med 2008;359:2105–20.

[44] Siervogel RM, Demerath EW, Schubert C, Remsberg KE, Chumlea WC, Sun S,
et al. Puberty and body composition. Horm Res 2003;60(suppl 1):36–45.


	Abdominal circumference measurement by ultrasound does not enhance estimating the association of visceral fat with cardiova ...
	Introduction
	Materials and methods
	Results
	Discussion
	References


