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NUEVOS FACTORES DE RIESGO
CARDIOMETABÓLICO EN NIÑOS CON OBESIDAD

SEVERA: INFLUENCIA DEL ESTADO PUBERAL

Resumen

El objetivo de este estudio prospectivo ha sido eva-
luar la utilidad de nuevos marcadores bioquímicos pa-
ra evaluar el riesgo cardiometabólico en niños y ado-
lescentes extremadamente obesos. Un total de 107
sujetos de entre 7 a 14 años, se valoraron clínicamente
registrando sus medidas antropométricas y el porcen-
taje de masa grasa mediante bioimpedancia. De ellos,
44 presentaban un peso normal para su edad y género
y 63 estaban gravemente obesos (puntuación Z del ín-
dice de masa corporal > 2,5), los cuales fueron estrati-
ficados por estadios de Tanner. Para valorar el riesgo
metabólico se consideraron las siguientes variables:
Circunferencia cintura/altura> 0,5, glucosa en ayunas
>100 mg/dL, triglicéridos >110 mg/dL, HDL-C <40
mg/dL y presión arterial sistólica o diastólica > per-
centil 95 para edad y género. Se determinaron la in-
sulinemia en ayunas, apoproteinas A1 y B, proteína C
reactiva ultrasensible, alaninaminotransferasa, homo-
cisteína y ácidos fólico y úrico. En los niños obesos se-
veros, la presencia de factores de riesgo metabólico se
producía con más frecuencia en la pubertad. Los pará-
metros antropométricos normalizados con respecto al
percentil 50 para la edad y género no se diferenciaban
según existiera o no mayor riego metabólico. La resis-
tencia a la insulina fue un factor independiente de ries-
go metabólico, ajustado por etapas de Tanner. La pro-
teína C reactiva ultrasensible estaba elevada, sin
relación con la mayor presencia de factores de riesgo
del síndrome metabólico o la etapa puberal. La homo-
cisteína, apoproteína B, y la alaninaminotransferasa se
incrementaron con el riesgo metabólico y no fueron in-
fluidos por la pubertad. Aunque la resistencia a la in-
sulina sigue siendo el principal factor que influye en el
riesgo metabólico, los marcadores bioquímicos como la
homocisteína, apoproteína B, y la alaninaminotransfe-
rasa, pueden ser útiles para identificar individuos con

Abstract

The aim of this prospective study was to evaluate the
utility of new biochemical markers to assess cardiometa-
bolic risk in severely obese children and adolescents. A
total of 107 subjects aged 7 to 14 years, were clinically
assessed and anthropometric measures and percentage
of fat mass by single frequency bioimpedance analysis
were recorded. Of these, 44 were non-overweight and 63
severely obese (body mass index Z-score >2.5) which we-
re stratified by Tanner stages. To estimate the metabolic
risk the following variables were considered for analysis:
Waist circumference/height >0.5, fasting glucose >100
mg/dL, triglycerides >110 mg/dL, HDL-C <40 mg/dL,
and systolic or diastolic blood pressure >95th percentile
for age and gender. Fasting insulinemia, apoprotein A1
and B, high-sensitive C-reactive protein, alanine amino-
transferase, homocysteine, and folic and uric acids were
determined. In severely obese children, metabolic risk
was present more frequently in mid puberty. The nor-
malized anthropometric parameters with respect to 50th

percentile for age and gender did not differ in the pre-
sence of metabolic risk. Insulin resistance was an inde-
pendent determinant of metabolic risk, adjusted by Tan-
ner stages. Elevated high-sensitive C-reactive protein
was noted without any effect of metabolic risk or puber-
tal stage. Homocysteine, apoprotein B, and alanine ami-
notransferase values increased with metabolic risk and
were not influenced by puberty. Although insulin resis-
tance remains the main factor influencing metabolic
risk, biochemical markers as homocysteine, apoprotein B,
and alanine aminotransferase, may be useful for identif-
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Abbreviations 

ALT: Alanin aminotransferase.
BMI: Body mass index.
CVD: Cardiovascular disease.
Hcys: Homocysteine
HDL-C: High-density lipoprotein cholesterol.
hs-CRP: High-sensitivity C-reactive protein.
HOMA-IR: Homeostasis model assessment index.
LDL-C: Low-density lipoprotein cholesterol.
MetS: Metabolic syndrome
MRFs: Metabolic risk factors

Introduction

Obesity has an adverse impact on health popula-
tions that is a consequence of comorbid conditions. Its
presence in childhood significantly increases the risk
of adult obesity and the development of related mor-
bidities that ultimately lead to atherosclerosis and car-
diovascular disease (CVD). Although the clinical
manifestations of atherosclerosis occur in adulthood,
the process begins in childhood and is accelerated in
the presence of metabolic risk factors (MRFs).

Metabolic syndrome (MetS), a constellation of an-
thropometric, physiologic, and biochemical abnormal-
ities, is a well-established risk factor for CVD in
adults. However, uniform and objective MetS criteria
do not exist for the youth. In fact, many different
MetS criteria have been employed in children and
adolescents, and it has been suggested that MetS can-
not be diagnosed at all in children under 10 years old1.
Moreover, MetS develops in stages, and components
such as anthropometric variables and visceral obesity,
blood pressure, lipid levels, and insulin sensitivity
may change with age and pubertal development. In
addition to the previously known risk factors to CVD,
new factors have emerged, such as inflammatory
markers [high-sensitivity C-reactive protein (hs-
CRP)]2 and plasma elevation of the sulphur amino
acid homocysteine (Hcys)3. Although these factors
have been implicated in the development of complica-
tions, data in pediatric patients remain scarce. 

Concerning the methodology for identification of
metabolic risk in obese children candidates to inten-
sive preventive measures some debate exists. The pre-
sent study was conducted with the aim of providing
new insights on the clinical tools to evaluate the meta-
bolic risk in young severely obese subjects. We ana-
lyzed known factors implicated in MetS such as hy-

pertension, dyslipidemia, and impaired glucose toler-
ance, in addition to hypothesized new factors related
to cardiovascular risk such as hs-CRP, Hcys, apopro-
teins A1 and B, alanin aminotransferase (ALT), folic
acid, and uric acid. The results were also examined re-
garding pubertal stage in order to identify the influ-
ence of puberty.

Subjects and methods

Subjects

This prospective study was conducted on 107 chil-
dren and adolescents (58 boys), aged from 7 to 14
years. Of these, 44 were non-obese (19 boys) who
were recruited by primary care physicians as healthy
controls and who gave their consent to participate in
the study. The other 63 children (39 boys) were suf-
fering from severe obesity [body mass index (BMI)
>2.5 standard deviations standardized by age and gen-
der, according to Spanish BMI data4] and were re-
ferred to our pediatric endocrinology outpatient clinic
for investigation and treatment of their obesity. All
subjects were Caucasian and of Spanish origin. None
had chronic or hereditary diseases, or endocrinologic
disorders. Infectious and/or inflammatory illness was
ruled out by medical histories and physical examina-
tions. Pubertal stage was assessed in each patient by
the same pediatrician according to the criteria of Mar-
shall and Tanner, by means of inspection and palpa-
tion. All the subjects were in stage ≤3, and female
subjects had not yet begun menstruating. We consid-
ered the following groups: prepuberty (stage 1), early
puberty (stage 2), and mid-puberty (stage 3). Written
informed consent was obtained from all parents, and
oral consent from all children. The study was ap-
proved by the Ethical Committee of the University
Hospital Dr Peset (Valencia, Spain).

Measurements

Weight and height measurements were taken with
the child lightly dressed and barefoot by standardized
methods. The degree of obesity was determined using
the BMI Z-score calculated with the lambda, mu, sig-
ma (LMS) method5. The fat mass percentage was ob-
tained via bioelectrical impedance using the BC-
418MA Tanita Segmental Body Composition
Analyzer (Tanita Europe BV, Hoofddorp, The Nether-
lands). Waist circumference (WC) was obtained over

ying severe obese pubertal subjects particularly prone to
comorbidities. 
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obesidad grave en etapa puberal predispuestos a pade-
cer enfermedades relacionadas.
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the unclothed abdomen at the narrowest point between
the rib cage and the superior border of the iliac crest.
Hip circumference was measured over light clothing
at the level of the widest diameter around the buttocks
using a non-elastic flexible tape, and measurements
were recorded to the nearest 0.1 cm. Anthropometric
measures were converted to normalized parameters
compared to the 50th standard percentile for age and
gender for the fat mass percentage (relative fat mass)6,
and for WC (relative WC)7. We also used the indices
WC/hip circumference and WC/height for analysis.

Blood pressure was measured using an au-
tomatyzed sphygmomanometer (Dinamp 200; GE
medical Systems Information Technologies, Inc., Mil-
waukee, Wisconsin, USA). To find the age-specific
height percentile level for each case, the Spanish
growth curves were used4. Elevated blood pressure
(≥95th percentile for height) was determined using ta-
bles provided by the Task Force Report8.

Laboratory procedures

After overnight fasting, blood samples were taken
from the antecubital vein. Biochemical characteriza-
tion tests (performed by the Clinical Biochemistry
Laboratory of Dr. Peset University Hospital) included
serum glucose, total cholesterol, high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides, uric acid, and ala-
nine aminotransferase (ALT), and were measured us-
ing direct methods (Aeroset System®). Insulin deter-
mination, Hcys, and folic acid were measured using
the automatyzed electrochemoluminescence im-
munoassay (Architect c8000®), both (Architect c800®

and the Aeroset System®) from Abbott Clinical Chem-
istry (Wiesbaden, Germany). We used the homeosta-
sis model assessment index (HOMA-IR) to determine
insulin resistance by employing the following formu-
la: fasting insulin levels (IU/L) × fasting glucose
(mmol/L) / 22.5. hs-CRP and apoproteins A1 and B
were measured using kinetic nephelometry (Immage
Nephelometer®, Beckman Coulter Inc. Brea, Califor-
nia, U.S.A). 

Definitions

To estimate the metabolic risk the same risk factor
variables that were used for the adult definition were
included9. Thus, there were considered for analysis:
WC/height >0.5, fasting glucose >100 mg/dL, triglyc-
erides >110 mg/dL, HDL-C <40 mg/dL, and systolic
or diastolic blood pressure >95th percentile for age and
gender.

Statistical analysis

Statistical analysis was performed using SPSS for
Windows version 15.0 (SPSS Inc., Chicago, IL,
USA). Differences among groups were assessed by

the Kruskal-Wallis one-way analysis of variance and
post hoc comparisons using the Dunn test correction.
Values were expressed as the mean ± standard devia-
tion. Categorical variables were analyzed using the
Chi-square test. Correlations between variables were
evaluated by calculating Spearman’s correlation coef-
ficients. Significantly correlated variables as deter-
mined by the univariate analysis were included in the
multivariate regression analysis using a stepwise
method. Logistic regression was used to examine the
relationship between ≥3 MRFs and different variables.
A P-value < 0.05 was considered to be significant.

Results

Table I presents the descriptive characteristics of
the 107 subjects enrolled in the study. The average
age of obese children with a higher number of MRFs
was significantly older than the other groups. All
obese subjects presented with abdominal obesity (WC
>90th percentile and WC/height >0.5), and 78% of
them had a BMI Z-score >3. The presence of MRFs
was not different with respect to the anthropometric
characteristics of the obese subjects, when normalized
by the relation to the 50th percentile. The prevalence of
elevated blood pressure (Z-score) was significantly
different between children with ≥3 MRFs (68%) and
children with <3 MRFs (22%). Dyslipidemia and sig-
nificant differences in the level of apoproteins (A1
and B) were only noted in the group with ≥3 MRFs.
Fasting insulin and HOMA-IR results were higher in
obese children and significant differences were found
after categorizing the subjects according the presence
of MRFs; subjects with ≥3 MRFs displayed showed
the highest levels of both variables. Fasting glucose
was only significantly higher in the group of subjects
with ≥3 MRFs, 45.2% of them had values greater than
100 mg/dL. Variance analyses revealed that the obese
children had higher levels of hs-CRP than the non-
obese children, but there were no significant differ-
ences between the groups with regard to their meta-
bolic risk. Concentrations of Hcys and ALT were
elevated significantly in the group of severely obese
children with ≥3 MRFs, as compared to the non-obese
children. Folic acid was significantly lower in obese
subjects with metabolic risk as compared to those
without metabolic risk and to the non-obese children.
Uric acid increases in all severely obese children, par-
ticularly in the group with ≥3 MRFs

Severely obese subjects (n = 63) were divided into
three groups according the pubertal Tanner stage for
comparison by analysis of variance (Table II). The
prevalence of subjects with ≥3 MRFs was higher for
subjects at Tanner stage 3 (70.8%) in comparison to
stage 2 (35.0%) or stage 1 (36.8%) subjects. The mean
BMI Z-score was not different among the three Tanner
stage groups considered, and a similar result was found
for all normalized anthropometric variables measured
and blood pressure. Modifications in lipid profiles were
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observed; in mid-puberty, HDL-C, apoprotein A1, and
LDL-C levels were significantly lower and triglyceride
levels were significantly higher. Fasting glucose was
not modified, but hyperinsulinism was found in sub-
jects in early or mid-puberty. Consequently, the
HOMA-IR index was elevated, mainly in adolescents
at Tanner stage 3. Variance analysis did not show any
significant differences in the concentrations of hs-CRP
and Hcys in children stratified according to Tanner
stage. In contrast, folic acid was lower in adolescents in
mid-puberty. Higher uric acid levels were observed in
subjects from early to mid puberty. 

A correlation analysis on the new variables studied
(Hcys, hs-CRP, ALT, and folic and uric acid) that
could affect the metabolic risk was performed in the
63 severely obese subjects. No associations were
found between these factors and normalized anthropo-
metric variables or blood pressure levels in this group
of subjects. The Hcys concentration was positively
correlated with HOMA-IR (r = 0.39, P < 0.01) and
uric acid (r = 0.29, P < 0.05), and negatively with folic
acid (r = -0.44, P < 0.001). Uric acid levels and
HOMA were also positively related (r = 0.43, P <
0.001). The hs-CRP, and ALT values were not associ-
ated with any anthropometric or biochemical vari-

ables. A multivariate regression analysis using the
stepwise method with Hcys as the dependent variable,
and clinical, anthropometric and biochemical parame-
ters (age, BMI Z-score, relative WC, SBP Z-score,
DBP Z-score, HDL-C, triglycerides, HOMA-IR, hs-
PCR, and folic acid) as independent variables was
performed. The only significant variables that remain
related to Hcys levels were folic acid (β= -0.36, t = -
3.03, P = 0.004) and HOMA-IR (β= 0.25, t = 2.06, P
= 0.044) with a determination coefficient adjusted of
R2 = 0.26 (P < 0.0001).

To examine the relationship between metabolic risk
and puberty (Tanner stage), anthropometric (relative
WC), and biochemical (HOMA-IR, folic acid, ALT,
HCys) parameters, a binary logistic regression analy-
sis using the criterion of <3 or ≥3 MRFs as the depen-
dent variable was performed. The HOMA-IR was the
only independent variable related to the presence of
metabolic risk (OR 1.562, IC 95% 1.196 to 2.040, P <
0.001), irrespective of pubertal stage.

Discussion

Obesity in children is associated with increased car-
diovascular risk, which may be clinically sympto-
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Table I
Clinical and biochemical data of the 107 children and adolescents stratified according to nutritional status and

the number of metabolic risk factors (MRFs)

Severe obesity Severe obesity
Non-obese with < 3 MRFs with ≥ 3 MRFs

(n = 44) (n = 32) (n = 31) P-value

Gender (boys/girls) 25/19 22/10 17/14 0.087
Age (years) 10.6 ± 2.5 10.2 ± 2.4 11.6 ± 2.2† 0.042
BMI Z-score -0.42 ± 0.95 4.00 ± 1.40* 4.21 ± 1.38* < 0.0001
Relative fat mass (%) 105.0 ± 28.3 201.0 ± 37.3* 195.7 ± 46.7* < 0.0001
Relative WC (%) 101.2 ± 9.7 146.0 ± 15.7* 144.6 ± 17.4* < 0.0001
WC/hip 0.87 ± 0.06 0.94 ± 0.06* 0.90 ± 0.18* < 0.0001
WC/height 0.45 ± 0.04 0.63 ± 0.06* 0.62 ± 0.13* < 0.0001
SBP Z-score -0.16 ± 1.16 0.78 ± 0.99* 1.71 ± 0.97‡ < 0.0001
DBP Z-score -0.12 ± 0.71 0.70 ± 0.64* 1.38 ± 0.90‡ <0.0001
Total cholesterol (mg/dL) 156.1 ± 32.1 167.1 ± 27.7 172.8 ± 38.9 0.080
HDL-C (mg/dL) 51.8 ± 10.9 47.8 ± 10.6 39.4 ± 9.7‡ <0.0001
LDL-C (mg/dL) 88.9 ± 20.6 104.1 ± 22.3) 104.9 ± 33.5* 0.012
Triglycerides  (mg/dL) 69.6 ± 40.2 78.6 ± 21.0 139.5 ± 71.8‡ < 0.0001
Apoprotein A1 (mg/dL) 138.0 ± 33.6 124.5 ± 26.2 118.4 ± 19.4* 0.022
Apoprotein B (mg/dL) 65.2 ± 17.1 73.2 ± 13.8 84.1 ± 26.7* 0.002
Glucose (mg/dL) 93.1 ± 7.7 94.6 ± 4.1 98.5 ± 6.7‡ 0.003
Insulin (μIU/mL) 9.1 ± 5.3 16.5 ± 8.3* 26.6 ± 11.4‡ < 0.0001
HOMA-IR index 2.13 ± 1.36 3.87 ± 1.97* 6.55 ± 2.96‡ < 0.0001
hs-CRP (mg/L) 1.45 ± 3.51 3.34 ± 2.49* 2.97 ± 2.40* < 0.0001
Uric acid (mg/dL) 3.27 ± 1.02 4.18 ± 0.74* 4.96 ± 1.11‡ < 0.0001
Homocysteine (μmol/L) 6.84 ± 1.67 7.92 ± 3.31 7.97 ± 2.61* 0.031
Folic acid (ng/mL) 8.80 ± 3.69 8.68 ± 3.32 6.73 ± 3.30‡ 0.015
ALT (U/L) 16.9 ± 5.3 23.2 ± 22.2 28.3 ± 14.2* 0.002

BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DB: diastolic blood pressure; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; HOMA-IR: homeostasis model assessment of insulin resistance; hs-CRP:  high-sensi-
tivity C-reactive protein; ALT: alanine aminotransferase. Values are means ± standard deviation. (*) statistically different versus non-obese sub-
jects, (†) statistically different versus severe obese subjects with <3 MRFs, (‡) statistically different versus non-obese subjects, and severe obese
subjects with <3 MRFs.



matic later in life. Identification of severely obese
children at higher risk for co-morbidities in a clinical
context poses a significant challenge for pediatricians
in order to initiate vigorous preventive measures, in-
cluding the use of medication or, in certain instances,
solely in teenagers, the bariatric surgery. In the pre-
sent study, both known MRFs and newer factors im-
plicated in CVD risk were assessed in a group of se-
verely obese children and adolescents and compared
with findings obtained in a group of non-overweight
subjects. The results were also examined in terms of
pubertal status because physiological modifications
that occur in this period can influence the biochemical
parameters.

The BMI is generally used to evaluate obese sub-
jects, and it is considered a reliable indicator of adi-
posity. However, the use of this index alone has some
limitations in children because the relationship be-
tween the fat, and fat-free mass varies at different
ages. In this sense, some studies suggest that the WC
is superior to the BMI for explaining obesity-related
health risks10 as it quantifies abdominally accumulated
fat, but it must be remembered that the WC is related
to both subcutaneous abdominal fat and intra-abdomi-
nal fat. Other measures such as the WC/height and
WC/hip circumference ratios have also been used to

indicate abdominal obesity, and it has been empha-
sized that these parameters are more reliable because
they are not age-dependent. In the current study, near-
ly 78% of the obese subjects had a BMI Z-score >3,
and all presented with abdominal obesity (WC per-
centile >90th, with a WC/height >0.5); therefore, they
exhibited a theoretically high metabolic risk11. How-
ever, we did not found differences between these an-
thropometric measures, when normalized through
conversion to a Z-score or relative to the 50th per-
centile for age and gender of normal weight children,
or WC indices, in the obese children which exhibited
<3 or ≥3 traditional MRFs. In the same way, MRFs in
logistic regression were not related to anthropometry
in the presence of other factors. Thus, the anthropo-
metric parameters do not allow us the identification of
specific children with higher risk for comorbidities in
the case of severe obesity.

Obesity is related to adverse blood lipid profiles
with low HDL-C and high triglyceride levels. Most
subjects with atherogenic dyslipidemia also have
higher levels of apoprotein B and lower concentra-
tions of apoprotein A1. The concentrations of these
apoproteins may be correlated with the development
of atheroma more than their equivalent lipoproteins12.
We have found that puberty caused changes with de-
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Table II
Clinical and biochemical data of 63 subjects with severe obesity (BMI Z-score ≥ 2.5) distributed according to pubertal status

Prepuberty Early puberty Mid puberty
(n = 19) (n = 20) (n = 24) P-value

Gender (boys/girls) 11/8 14/6 14/10 0.218
Age (years) 8.1 ± 1.1 10.9 ± 1.7* 13.0 ± 1.0† < 0.0001
MRFs ( ≥3/<3) 7/12 7/13 17/7 0.026
BMI Z-score 4.02 ± 1.13 3.73 ± 1.35 4.48 ± 1.54 0.172
Relative fat mass (%) 194.7 ± 36.0 205.7 ± 43.9 195.2 ± 45.5 0.482
Relative WC (%) 139.7 ± 14.8 143.9 ± 14.8 150.9 ± 17.8 0.192
WC/hip 0.95 ± 0.07 0.93 ± 0.05 0.90 ± 0.20 0.615
WC/height 0.61 ± 0.06 0.62 ± 0.06 0.61± 0.14 0.634
SBP Z-score 1.17 ± 1.01  1.26 ± 1.22 1.27 ± 1.07 0.978
DBP Z-score 0.89 ± 0.69 1.05 ± 0.77 1.14 ± 0.98 0.767
Total cholesterol (mg/dL) 182.3 ± 36.7 170.4 ± 24.6 159.7 ± 35.3 0.137
HDL-C (mg/dL) 46.5 ± 13.0  47.3 ± 10.7 38.4 ± 7.0† 0.006
LDL-C (mg/dL) 118.5 ± 29.4 103.6 ± 19.4 94.0 ± 29.4* 0.046
Triglycerides  (mg/dL) 83.8 ± 25.2 93.7 ± 46.8 140.5 ± 76.2† 0.018
Apoprotein A1 (mg/dL) 131.1 ± 27.7 123.7 ± 22.1 111.9 ± 16.2* 0.019
Apoprotein B (mg/dL) 85.5 ± 23.3 75.3 ± 16.4 75.9 ± 23.7 0.312
Glucose (mg/dL) 95.1 ± 6.5 97.8 ± 4.5 96.7 ± 6.2 0.301
Insulin (μUI/mL) 14.3 ± 7.2 23.7 ± 12.3* 25.4 ± 10.3* 0.002
HOMA-IR index 3.42 ± 1.86 5.74 ± 3.06* 6.13 ± 2.71* 0.002
hs-CRP (mg/L) 3.31 ± 2.33 3.32 ± 2.46 2.91 ± 2.58 0.709
Uric acid (mg/dL) 3.74 ± 0.54 4.49 ± 0.77* 5.28 ± 0.98† < 0.0001
Homocysteine (μmol/L) 7.01 ± 1.69 8.75 ± 3.72 8.03 ± 2.96 0.374
Folic acid (ng/mL) 9.54 ± 3.95 7.70 ± 3.14 6.31 ± 2.66* 0.012
ALT (U/L) 22.0 ± 11.1 23.4 ± 11.9 30.9 ± 26.3 0.439

BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density lipopro-
tein cholesterol; LDL-C: low-density lipoprotein cholesterol; HOMA-IR: homeostasis model assessment of insulin resistance; hs-CRP: high-
sensitivity C-reactive protein; ALT: alanine aminotransferase; MRFs: metabolic risk factors. Values are means ± standard deviation. (*) statisti-
cally different versus prepuberty subject, (†) statistically different versus prepuberty subjects, and early puberty subjects.



crease in HDL-C, LDL-C, and apoprotein A1, and in-
crease in TG levels, but not in the levels of apoprotein
B. Thus, apoprotein B may be an important discrimi-
native factor to evaluate metabolic risk in pubertal
subjects.

Abnormal fasting glucose, a classical metabolic risk
factor, is scarcely evident among children. In the pre-
sent study, however, 14 of 31 (45.2%) children with
≥3 MRFs had abnormal fasting glucose levels. Levels
of insulin and the surrogate marker of insulin resis-
tance, HOMA-IR, were different significantly be-
tween non-obese and obese subjects, the highest lev-
els were related to an increased number of MRFs.
With respect to pubertal stages, there was an increase
in insulin levels and in HOMA-IR values (between
Tanner stages 1 and 2) that remained stable through
Tanner stage 3. Puberty causes a decrease in insulin
sensitivity simultaneously with a complementary in-
crease in insulin secretion13, and the majority of chil-
dren (71%) with ≥3 MRFs were in mid puberty, which
complicates the assessment of the role of each condi-
tion (puberty or obesity) on the metabolic risk; how-
ever, in the logistic regression analysis, insulin resis-
tance as determined by HOMA-IR was the main
determinant of metabolic risk, independent of Tanner
stage. This finding is consistent with other studies14,
highlighting the importance of insulin resistance in
MetS. Therefore, severe obese children are a popula-
tion particularly prone to the metabolic risks when
they reach the pubertal age, because there is a synergy
of the metabolic changes occurring naturally during
puberty and the insulin resistance linked to obesity.

Aside from the classical related MRFs, there have
been new risk factors proposed that may provide new
insight into the pathogenesis of CVD11. Obesity is asso-
ciated with inflammation which plays an important role
in atherogenesis. In this way, hs-CRP measurement
could aid to refine risk assessment. In our study we
found that obese children have an increased level of hs-
CRP than non-obese that was not different according to
the presence of ≥3 classic cardiovascular risk factors, in
contrast with the data of Soriano-Guillén et al.15. One
possible explanation for this discrepancy is that the
metabolic derangement could be more advanced in that
study. Anyway, the measurement of hs-CRP seems to
have little value as an early discriminating factor for the
identification of severe obese children prone to meta-
bolic risk. Moreover, we found no differences in hs-
CRP levels with respect to pubertal stage, implying that
puberty does not influence the values. 

Uric acid levels were elevated in obese patients,
mainly in those with high metabolic risk. However,
there was a progressive increase in levels throughout
the pubertal development. Recently, a study in prepu-
bertal children shows the association of this parameter
with some factors of metabolic risk, mainly hyperten-
sion, adverse lipid blood profile, and insulin resis-
tance16. Undoubtedly, this biochemical parameter may
be a reliable indicator of an early disorder.

An elevated plasma Hcys level has recently been
established as a casual independent factor for throm-
bosis and vascular disease17. In the present study,
obese subjects with ≥3 MRFs had significant higher
Hcys levels as compared to non-obese subjects. Simi-
larly to the data of other studies18, Hcys concentrations
were not related to indices for obesity (BMI, fat mass
or other anthropometric variables studied). The ab-
sence of an influence of the Tanner pubertal stage on
Hcys levels suggests the utility of this parameter as a
metabolic risk marker in this period. We also found a
significant positive correlation of Hcys levels with
HOMA-IR, similar to other studies19. Both are factors
that point to the risk of complications, and have a
great utility in the evaluation of severe obese children.
It is of note that Hcys levels can be influenced by ge-
netic and environmental factors such as dietary folate.
The decrease of plasma folate levels in the group of
obese children (with MRFs and in mid-puberty) de-
serves further attention. It is not likely that these chil-
dren eat an unbalanced diet, as they eat fruits or veg-
etables every day. Nevertheless, it is possible that
there was an increase in body’s requirements due to
accelerated growth20. This is a factor that should be
kept in mind, as suboptimal levels of folate favor the
accumulation of Hcys and could increase cardiovascu-
lar risk in these subjects. Also, similarly to other stud-
ies21, ALT elevation that can underlie hepatic steatosis
in obese subjects is associated with features of meta-
bolic risk. This is another factor not influenced by pu-
bertal stage. 

We must recognize that there is at least one limita-
tion to our study: the relatively reduced number of
subjects may be considered a limitation of the ability
to generalize the data to the entire population. Howev-
er, the sample was consisted only of children with se-
vere obesity and was very homogeneous with regard
to lifestyle and social condition. On the other hand, a
major strength of our study was that it was conducted
on children having the same ethnic origin; thus, ethnic
differences, which are known that may have an influ-
ence on metabolic risk22, were ruled out.

In conclusion, is necessary to take into account the
fact that in children and adolescents, the characteris-
tics and consequences of obesity are also influenced
by growth and maturation. Although metabolic risk
factors increase with increasing Tanner stage, insulin
resistance remains as an independent determinant of
metabolic risk. Biochemical markers as apoprotein B,
Hcys, and ALT levels were not influenced by puberty
and can identify the subjects prone to complications.
Special attention should be given to obese pubescent
subjects because risk factors may be increased in this
period.
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