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Abstract
Introduction: Endothelial inflammation and insulin
resistance (IR) begin in childhood and constitute the
pathophysiological basis of Metabolic Syndrome (MS).
The increase levels in plasma of inflammatory markers
such as high sensitive PCR (hsPCR), plasminogen activator inhibitor 1 (PAI-1) and tests suggestive of IR such as
Insulin (Ins) and alanine aminotransferase (ALT) have
been associated with MS in adults, but have not been studied in children.
Objectives: Correlate the presence of MS and its components with the inflammatory and IR markers seen in
the pediatric population.
Methods: Cross-sectional study of 337 children
(10,9±9,7 years) whose levels of hsPCR, PAI-1, Ins and
ALT were determined, along with their association with
MS and its individual components.
Results: 37 children had MS (10,4%). The frequency of
MS components was: abdominal obesity 38,5%, hypertension (HTN) 21,3%, hypertriglyceridemia 17,8%, HDL
21,3% and hyperglycemia 1,4%. hsPCR, PAI-1, ALT and
Ins were higher in the presence of MS and increased progressively when components were came together.
Conclusions: The pediatric population segment with
MS had a higher concentration of hsPCR, PAI-1, Ins and
ALT.These levels increase proportionally MS components add up, suggesting that even before diagnosis criteria are fulfilled there is a inflammatory state.
(Nutr Hosp. 2015;31:1513-1518)
DOI:10.3305/nh.2015.31.4.8264
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SINDROME METABÓLICO Y SUS
COMPONENTES SE ASOCIAN CON INSULINO
RESISTENCIA Y MARCADORES DE
INFLAMACIÓN EN POBLACION PEDIÁTRICA
Resumen
Introducción: La insulino resistencia (IR) y la inflamación endotelial constituyen la base fisiopatológica del
Síndrome metabólico (SM) . El aumento de los niveles
plasmáticos de mascadores de inflamación como PCRus,
Inhibidor del activador de plasminógeni tipo 1 (PAI-1) y
parámetros sugerentes de insulino resistencia (IR) como
insulina, triglicéridos y Alanino aminotransferasa (ALT)
se han asociado a síndrome metabólico en adultos pero
han sido menos estudiados en pediatría. .
Objetivo: Correlacionar los componentes del SM con
marcadores de inflamación e IR en población pediátrica.
Métodos: Estudio transversal de 337 niños (10,9±9,7
años). Se determinó niveles plasmáticos de PCRus, PAI1, ALT e Insulina y se evaluó su asociación con Síndrome
metabólico y sus criterios de forma individual.
Resultados: 37 sujetos tuvieron diagnóstico de SM
(10.4%). 38.5% presentó obesidad abdominal, 21.3% Hipertensión arterial, 17.8% Hipertrigliceridemia, 21.3%
niveles bajos de HDL y un 1.4% Hiperglicemia. Encontramos que PCRus, PAI-1 y ALT fueron más altas en presencia de SM y aumentaban progresivamente a medida
que se agregaban criterios diagnósticos.
Conclusión: Este estudio demuestra que en población
pediátrica con diagnóstico de SM existen niveles más altos de PCRus, PAI-1, ALT e insulina y que a mayor número de criterios presentes la inflamación pareciera ser
mayor lo que sugiere que incluso antes de tener el diagnóstico de SM ya existe un estado pro inflamatorio.
(Nutr Hosp. 2015;31:1513-1518)
DOI:10.3305/nh.2015.31.4.8264
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Introduction
Metabolic syndrome (MS) was described by Reaven1 in 1988 to bring together a series of cardiometabolic abnormalities linked to increase atherogenic risk
and cardiovascular disease in adults. Atherosclerosis
is a progressive process that starts in childhood and is
modulated by a series of inflammatory mediators related to the beginning of atheroma and the appearance,
at a later age, of plaque disruption, which in the case
of coronary arteries results in myocardial disease2-3.
The atherosclerotic process can be accelerated by the
presence of risk factors such us obesity, sedentarism,
hypertension, dyslipidemia and family history of premature cardiovascular disease4. Some of these have
been grouped as the Metabolic Syndrome (MS), which
would be capable of predicting early atherosclerosis, increased risk of cardiovascular disease and type
2 Diabetes Mellitus (DM2) better than its individual
components. It has also been associated with biochemical, functional or anatomical injuries of the endothelium, which together are known as endothelial damage. The coexistence of 3 or more of its components
represents a synergistic effect on these risks wich has
been confirmed by anatomopathological studies with
atheroma and fatty streaks in coronary arteries and the
aorta in people as young as 10 years old. Moreover,
more refined subclinical endothelial inflammation
markers have been developed, such as hsCRP, PAI-1,
tumor necrosis factor α (TNF-α) and adiponectin2,5,6,10.
hsPCR has been one of the most studied and validated
markers of endothelial damage in adult patients with
coronary heart disease, showing that its elevated levels
in patients with intermediate risk independently predict a greater risk of cardiovascular events7,12-14.
Worldwide, and especially in our country, there is
a progressive increase in childhood obesity, reaching
approximately 20% among first year primary Chilean
school students14. The inflammation state that accompanies obesity is considered to be a chronic low-grade
inflammation, generally associated with high concentrations of leukocytes, fibrinogen and other inflammatory biomarkers, such as hsPCR. There is strong
evidence that links increased body fat, especially abdominal and hepatic fat, to cardiovascular risk factors10,14. A recent study by our group identifies a 10,4%
prevalence of MS in healthy school children, which
increases in proportion to body mass index (BMI), up
to 35,1% in obese15. Moreover, studies of north American children and adolescents show a 31% incidence
of MS in patients with BMI >p85, which shows the
dimension that this problem is reaching5,16.
Because the atherosclerotic process and endothelial
damage starts in the first decade of life and progresses
into adulthood, early identification of children with
greater cardiometabolic risk is vital, in order to reduce
the progression of the disease through changes in lifestyle performed with a multidisciplinary approach.
Most MS components are potentially reversible with
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lifestyle changes17 in children and adolescents, as in
adults.
Although multiple clinical studies in the last 20
years have attempted to define MS in adults, determined its association with subclinical inflammation and
IR and preventive treatments, its usefulness in clinical practice is still controversial. Although MS diagnosis is increasing progressively, there are no studies
in children with strong scientific evidence to support
its clinical utility, and there is no universally accepted
definition19.
Therefore, new subclinical inflammation markers
have been studied, in both adults and children, which
predict this risk independently from MS, such as hsPCR and PAI-118-20 , in addition to markers whose elevation has been associated with IR, such as Ins22, ALT23
and MA24.
The aim of this study is correlate the presence of MS
and its distinct components, with endothelial inflammation and IR markers in a pediatric population.
Subjects and methods
Subjects: A cross-sectional design was used for
this study. The subjects were evaluated at the pediatric
endocrinology and nephrology clinics of the Pontiﬁcia Universidad Catolica de Chile from July 2009 to
March 2010. A total of 337 Chilean children and adolescents children were enrolled.
Methods: All patients underwent a complete physical examination performed by two paediatric endocrinologists (AM & HG) and one paediatric nephrologist
(MA). Height was measured using a wall-mounted
Harpenden stadiometer (Holtain, UK). Weight and total
body fat mass percentage were assessed by bioelectrical
impedance (Tanita, Corporation of America, Arlington
Heights IL, USA). The body mass index (BMI) was
calculated. Overweight was defined as BMI ≥p85 and
obesity ≥p95. Waist circumference (WC) was obtained
with an inextensible tape on the edge of the iliac crests,
averaging 3 measurements. Abdominal obesity was
diagnosed with WC >p90 of the NHANES survey29.
Trained nurses measured the BP and heart rate of
all subjects. While the patient was in a seated position, three consecutive measurements were taken on
the right arm every 5 min using the oscillometric method (Dinamap CARESCAPE V100, GE Healthcare;
Medical Systems Information Technologies, Inc., Milwaukee, WI, USA). This technique was performed
following the published recommendations with a cuff
and bladder size adjusted to the upper arm girth. All
subjects with elevated BP were conﬁrmed to be hypertensive using the auscultatory method. The BP of children was classiﬁed according to the Seventh Report of
Task Force26.
With the aim of comparing blood pressure in children of different genders, ages and statures, we calculated the BP index. The BP index was determined by
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using the observed BP/50th percentile BP for gender,
age and stature using the standard reported values.
MS was defined using the modified Cook Criteria:
WC >p90, HDL cholesterol (HDL) ≤40mg/dL, triglycerides (TG) >110mg/dL, glycemia >100mg/dL and
systolic or diastolic blood pressure ≥p9027.
Biochemical study
Following an overnight fast, basal blood samples
were obtained between 8:00 and 10:00 AM to measure: Glycemia, insulin, Lipid profile: Total cholesterol (TC), HDL cholesterol (HDL), LDL cholesterol
(LDL), and Triglycerides (TG). ALT, hsPCR, PAI-1
and Microalbuminuria (MA).
Laboratory assay
Glycemia was determined using the glucose-oxidase method, TC, HDL, LDL and TG using the colorimetric method. ALT was determined using the
Roche enzymatic UV test with a sensitivity of 4U/L.
hsPCR were analyzed by nephelometry with an Image
auto-analyzer with a sensitivity of 0.2mg/L. Ins were
analyzed by an ADVIA Centaur direct chemical luminometric immunoassay with a sensitivity of 5µUI/
mL. PAI-1: Blood samples were collected avoiding
any blood activation on 0.109 M citrate anticoagulant.
Plasma PAI-1 was measured by ELISA according the
manufacturer’s instructions (Zymutest PAI-1 antigen,
HYPHEN BioMed, France). The inter assay variation
were 9.4% and 8.1% for high and low controls, respectively. MA was analyzed by nephelometry with an

Image auto-analyzer with a sensitivity of 0.2mg/dL.
MA was expressed per milligram of creatinine in urine.
Statistical Analysis
Categorical variables were described in terms of frequency and percentage, and the numerical variables in
terms of median and range. Distribution of numerical
variables was evaluated by the Shapiro−Wilk test. Association between categorical variables and numerical
variables was evaluated by the Mann-Whitney test and
the correlation among numerical variables by the Spearman correlation coefficient calculation. A p-value
less than 0.05 was considered significant. The analyses were conducted using SPSS software version 15.0.
The results of variables not normally distributed were
expressed as medians.
Results
The average age was 10.9±9.7 years (range: 4.915.6) and 52.5% were male. The BMI z-score was
+1.0 ± 2.1SD, 33.2% were obese and 25,5% overweight. We found 10,9% (n=37) of the children with the
full diagnostic criteria for MS. No significant differences were found to age, sex, family history of hypertension or Diabetes Mellitus among children with and
without MS.
The frequency of the different MS components were:
abdominal obesity 38,5% (130/337), hypertension
21,3% (72/337), hypertriglyceridemia 17,8% (60/337),
high HDL cholesterol 21,3% (71/337) and hyperglycemia 1.4% (4/337) (Fig. 1). Of the 37 children with MS,

Serie1;
Abdominal
obesity; 0,385

Serie1; TG;
0,178

Serie1; HDL;
0,213

Serie1; HTN;
0,213

Serie1;
Hyperglycemia;
0,014

Fig. 1.—Frequency of the
different MS componentes in
the total sample.

TG:Triglycerides, HDL: HDL col, HTN: hipertension.

Metabolic syndrome and its components are
strongly associated with an inflammatory
state and insulin resistance in the...

008_8264 Sindrome metabolico y sus componentes.indd 1515

Nutr Hosp. 2015;31(4):1513-1518

1515

27/01/15 02:57

86,4% were obese and 13,5% overweight. Abdominal
obesity and hypertension were present in 100% and
65% of the children with MS, respectively.
In the presence of MS (n=37) the following parameters
were higher than the group without MS (n=300): hsPCR=2.2 (0.2-19) mg/L vs 0.6 (0.2-25.6) mg/L (p<0.01);
ALT=20 (7-95) U/L vs 15 (6-89) U/L (p<0.01); insulin
9.5(4.8-67.3) µIU/ml vs 7.3 (4.5-29.4) µIU/ml (p<0.01)
and PAI-1=33 (6.3-75.4) ng/ml vs 18.1 (1.1-56.2) ng/ml
(p<0.01) (Fig. 2). They increase progressively with an
increasing number of MS components present, which
is statistically significant (p<0,01) (Fig. 3). We did not
include an analysis of subjects with 5 MS components,
because there was only 1 case in our series. In our study
there was no correlation between MS and microalbuminuria. Neither was there an increase in its value as MS
components were added up (Table I).
Discussion
Our study shows that hsPCR, PAI-1, ALT and insulin are related to the presence of MS in the pediatric
population, and they increase as its components are added up, which suggests that a pro-inflammatory state
and/or IR exists in different parenchyma even before
meeting the fulfilled MS diagnostic criteria (3 or more
components). It also indirectly validates these markers
for possible future clinical use.
Further studies are needed to determine which levels of these markers are associated with increased
cardiometabolic risk and attempt to determine a cutoff
point that better defines this risk in children.
The increase in ALT observed in the children in
the evaluated sample could be corresponds to nonal-

Fig. 2.—Median of the markers according to the presence or
absence of SM.
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coholic fatty liver disease (NAFL), so further studies
should be conducted to correlate biochemical markers
with images or even liver biopsy to confirm this diagnosis. NAFL has been described as a prelude of type 2
Diabetes in Hispanic adolescents (ref nuestra)
Only four patient in our series had impaired fasting glycemia, which is consistent with other publications14, and which questions the usefulness of this MS
diagnostic criterion in this age group. It simultaneously opens the possibility of using some of these markers
as a new diagnostic criterion once normal pediatric population levels are defined.
It is known that abdominal obesity plays a fundamental role in MS development. This has been confirmed in our study in which 100% of children with MS
had abdominal obesity.
Our study suggests that the aggregation of individual components of the SM predicts cardiometabolic
risk better than diagnosis of MS itself.
Our study does not examine the individual weights
of each MS components, but demonstrates that this
risk increases progressively from sense the presence
of one of them. Our results suggest that with 2 or more
MS components is fully justified to perform a timely
and multidisciplinary treatment aimed to reversing inflammatory states and IR, which in the future could
produce type 2 Diabetes Mellitus and coronary heart
disease. Further studies are important to weigh the MS
components individually, because each component carries a certain individual risk which depends on envi-

Fig. 3.—Relationship between MS componentes and studied
markers.
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Table I
Relationship between the number of MS components and each marker
MS components

0
(n=147)

1
(n=93)

2
(n=60)

3
(n=23)

4
(n=13)

hsPCR
mg/dL

0,3
(0,2-17,7)

0,8
(0,2-25,6)

1,4
(0,2-12,1)

1,8
(0,2-12,7)

3,6
(0,4-19,0)

<0,01

PAI-1
ng/mL

13,0
(1,1-54,0)

20,3
(3,7-56,2)

23,5
(3,9-51,4)

30,6
(10,2-50,7)

35,9
(6,3-75,4)

<0,05

Ins
UI/mL

6,8
(4,6-18,6)

7,1
(4,5-29,4)

8,9
(5,1-27,1)

9,1
(4,8-20,1)

16,1
(6,7-67,3)

<0.05

ALT
U/L

14,0
6,0-44,0

16,0
7,0-89,0

17,0
9,0-75,0

19,0
12,0-69,0

21,0
7,0-95,0

<0.05

MA
µg/mg

3,6
(1,0-324)

3,6
(1,0-104)

3,2
(1,0-196)

2,8
(1,0-10,3)

7,9
(1,0-81,1)

ns

p

PAI 1: plasminogen activator inhibitor 1; Ins: insulin; ALT: alanine aminotransferase; MA: microalbuminuria.
Values shown as medians and ranges.

ronmental and genetic factors and some of them may
be more important than others.
Earlier studies by another group of our institution
showed that the sum of 2 or more MS components is
associated with increased intima-media thickness of
the carotid artery28,29. These results are similar to those
found in our study, although there is no consensus in
the application of these findings.
Our study provides evidence that children with several components of MS mainly have a inflammatory
state and/or IR, appearing even before meeting the fulfilled diagnostic criteria, with an adequate number of
studied subjects, conducted prospectively and simultaneously measuring physical and biochemical parameters. Our population segment has a high percentage of
obesity. This does not invalidate our results, because
our study does not attempt to know MS prevalence,
but rather of the correlation of its components with
new markers of early endothelial damage.
Studies with a representative sample of the general
population may be able to reduce bias and determine the normal levels of these markers in pediatric age,
since they could be a useful tool for determining the
presence of endothelial inflammation in children and
in the future could be helpful to properly estimate cardiometabolic risk in our children.
Acknowledgments
This work was supported by the following Chilean
grants: FONDECYT 1100356, 1130427; FONDEF
D08I1087; FONDEF IDEA CA12i10150 and the Millennium Nucleus on Immunology and Immunotherapy P07/088-F, P09/016-F. CL was supported by SOCHED grant.
No potential conflicts of interest relevant to this article were reported.

Metabolic syndrome and its components are
strongly associated with an inflammatory
state and insulin resistance in the...

008_8264 Sindrome metabolico y sus componentes.indd 1517

References
1. Reaven GM. Banting Lecture 1988: role of insulin resistence
in human disease. Diabetes 1988;37:1595-607.
2. Berenson, GS, Srinivasan, SR, Bao, W, Newman W, Tracy R.
Association between multiple cardiovascular risk factors and
atherosclerosis in children and young adults. The Bogalusa
Heart Study. N Engl J Med 1998; 338:1650-6.
3. Yla-Herttuala S. Biochemistry of the arterial wall in developing aterosclerosis. Annals of the New York Academy of Sciences. 1991; 623: 40-59.
4. De Ferranti S, Gauvreau K, Ludwig D, Neufeld E, Newburger J, Rifai N. Prevalence of Metabolic Syndrome in American Adolescents: findings of the Third National Health and
Nutrition Examination Survey. Circulation 2004 Oct 19;
110(16):2494-7.
5. McGill HC Jr, McMahan CA. Determinants of atherosclerosis
in the young. Pathobiological Determinants of Atherosclerosis
in Youth (PDAY) Research Group. Am J Cardiol 1998; 82:30T.
6. Groner JA, Joshi M, Bauer JA. Pediatric precursors of adult
cardiovascular disease: noninvasive assessment of early vascular changes in children and adolescents. Pediatrics 2006;
118:1683.
7. Ridker P, Hennekens C, Buring J, Rifai N. C-Reactive Protein
and other markers of inflammation in the prediction of cardiovascular disease in women. N Engl J Med 2000;342:836-43.
8. Yoo-Sun Moon, Do-Hoon Kim, Dong-Keun Song. Serum Tumor Necrosis Factor Levels and Components of the Metabolic
Syndrome in Obese Adolescents Metabolism. Metabolism Vol
53, No 7 (July), 2004: pp 863-867.
9. Pratte K, Barónb A, Ogdenb, Hassellc K, Rewersa M, Hokanson J. Plasminogen activator inhibitor-1 is associated with coronary artery calcium in Type 1 diabetes. J Diabetes Complic
2009;23(6):387-93.
10. Weiss R, Dziurz J, Burgert T, et al. Obesity and the metabolic sindrome in children and adolescents. N Engl J Med
2004;350:2362-74.
11. Sabatine M, Morrow D, Jablonski K, et al. Prognostic Significance of the Centers for Disease Control/American Heart Association High-Sensitivity C-Reactive Protein Cut Points for
Cardiovascular and Other Outcomes in Patients With Stable
Coronary Artery Disease. Circulation 2007; 115: 1528-36.
12. Koenig W. Predicting risk and treatment benefit in atherosclerosis: the role of C-reactive protein. Int J Cardiol 2005;199-206.
13. Patel D, Srinivasan S, Xu J, Li S, Chen W, Berenson G. Distribution and metabolic syndrome correlates of plasma C-reacti-

Nutr Hosp. 2015;31(4):1513-1518

1517

27/01/15 02:57

14.
15.

16.

17.
18.

19.

20.
21.

ve protein in biracial (black-white) younger adults: the Bogalusa Heart Study. Metabolism Clin Experim 2006;55:699-705
Estadísticas del Ministerio de Salud de Chile. JUNAEB 2006.
www.junaeb.cl.
García, H. Prevalencia de Obesidad, Sobrepeso y Síndrome
Metabólico en una muestra representativa de niños de clase
baja y media baja de Educación Básica de Santiago de Chile.
2006-2007. Unplubished observations.
Cook S, Weitzman M, Auinguer P, Nguyen M, Dietz WH. Prevalence of a metabolic syndrome phenotype in adolescents:
findings from the third National Health and Nutrition Examination Survey, 1988-1994. Arch Pediatr Adolesc Med. 2003;
157: 821-7.
Woo KS, Chook P, Yu CW, et al. Effects of diet and exercise on
obesity-related vascular dysfunction in children. Circulation
2004;109:1981-1986.
Estellés A, Dalmau J, Falcó C, et al. Plasma PAI-1 levels
in obese children-effect of weight loss and influence of
PAI-1 promoter 4G/5G genotype. Thromb Haemost. 2001
Aug;86(2):647-52.
Levy-Marchal C, Arsnalian S, Cutfield W, et al. Insuline
Resistance in children: consensus, perspective and future directions. J Clin Endocrinol Metab, December 2010,
95(12):5189–5198
Von Eyben F, Mouritsen E, Holm J, et al. Intra-abdominal obesity and metabolic risk factors: a study of young adults. Int J
Obes Relat Metab Disord. 2003 Aug;27(8):941-9.
Burrows R, Leiva L, Weistaub G, et al. Síndrome metabólico
en niños y adolescentes: asociación con sensibilidad insulínica
y con magnitud y distribución de la obesidad. Rev Méd Chile
2007;135:174-181.

1518

Nutr Hosp. 2015;31(4):1513-1518

008_8264 Sindrome metabolico y sus componentes.indd 1518

22. Barja S, Arteaga A, Acosta A, Hodgson M. Resistencia insulínica y otras expresiones del síndrome metabólico en niños
obesos chilenos. Rev Méd Chile 2003;259-68.
23. Pagano G, Pacini G, Musso G, et al. Nonalcoholic steatohepatitis, insulin resistance and metabolic síndrome: Further evidence for an etiologic association. Hepatology 2002;35(2):367-72.
24. Palaniappan L, Carnethon M, Fortmann SP. Association between microalbuminuria and the metabolic syndrome: NHANES III. Am J Hypertens 2003;16:952-8.
25. Fernandez J, Redden D, Pietrobelli A, Allison D. Waist circumference percentiles in nationally representative samples of
African-american, European-american and Mexican-american
children and adolescents, J Pediatr 2004;145:439-44.
26. National High Blood Pressure Education Program. Working
Group on High Blood Pressure in children and adolescents.
The fourth report on the diagnosis, evaluation and treatment
of high blood pressure in children and adolescents. Pediatrics
2004;114:555-76.
27. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults, Executive Summary of the Third
Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III).
JAMA. 2001;2852486- 2497.
28. Acevedo M, Arnáiz P, Barja S, et al. Proteína C reactiva y
su relación con adiposidad, factores de riesgo cardiovascular
y aterosclerosis subclinical en niños sanos. Rev Esp Cardiol
2007;60(10):105-8.
29. Barja S, Acevedo M, Arnáiz P, et al. Marcadores de atherosclerosis temprana y SíndromeMetabólico en niños. Rev Méd Chile
2009;137:522-30.

Carolina Loureiro et al.

27/01/15 02:57

