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Abstract. Introduction: Metabolic syndrome (MS) is a well-known risk factor for the development of cardiovascular 
disease. Objective: The aim of this study was to compare the endothelial function and intima-media thickness, in children 
with MS vs control group to determine the existence of mechanisms of atherosclerosis. Material and methods: Cross 
sectional study that included children with MS and controls (15 patients in each group) were studied. Systolic pulmonary 
artery pressure (SPAP), flow-mediated vasodilation (FMV) and intima-media thickness (IMT) were assessed. Results: 
The FMV in MS was diminished compared with control (8.7%±1.6 vs 12.9%±1.2; p<0.0001). FMV was less than 
10% in 73% of MS group vs 13% of controls. IMT was increased in MS (0.06 ± 0.002 vs 0.034 ± 0.005; p < 0.001). 
In the MS group, SPAP was increased (37.8±14.4 vs 23.2±5.31; p<0.002). A negative correlation between FMV and 
IMT was found (r =-0.562). Conclusion: In our study, metabolic syndrome group had and increased of IMT and SPAP 
and a decreased FMV. These findings should relate with the initial mechanism of the atherosclerosis from the infancy.
Key words: Metabolic syndrome, flow-mediated vasodilation, intima-media thickness.

Resumen. Introducción: El síndrome metabólico (SM) es un factor de riesgo para el desarrollo de enfermedad 
cardiovascular. Objetivo: Comparar la función endotelial y el grosor íntima-media en niños con SM y niños sanos, 
para determinar la existencia de mecanismos de aterosclerosis temprana. Material y métodos: Estudio transversal 
que incluyó dos grupos: 15 niños con SM y 15 sanos. Se determinó: presión sistólica de la arteria pulmonar (PSAP), 
vasodilatación mediada por flujo (VMF) y grosor íntima-media (GIMc). Resultados: La VMF en niños con SM fue 
inferior a la de los sanos (8.7±1.6% vs 12.9±1.2%, p<0.0001). En el 73% de niños con SM y en el 13% de sanos la 
VMF fue menor al 10%. El GIMc fue mayor en SM (0.06±0.002 vs 0.034±0.005, p<0.001). En SM la PSAP fue mayor 
(37.8±14.4 vs 23.2±5.31, p<0.002). Existió correlación negativa entre la VMF y el GIMc (r:-0.562). Conclusiones: 
Los niños con SM tuvieron una VMF disminuida, incremento en el GIMc y PSAP, lo cual podría relacionarse con 
aterosclerosis temprana.
Palabras clave: Síndrome metabólico, vasodilatación mediada por flujo, grosor íntima-media.
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Introduction

Metabolic syndrome (MS) is a global epidemic 
that also affects children. Prevalence according 
to panel III (ATP III) modified version of MS 
for children and teenagers (which includes 

abdominal obesity, atherogenic dyslipidemia, 
high blood pressure, glucose intolerance, 
proinflammatory and prothrombotic state), is 
approximately 4.2% and continues to rise.1

Endothelial dysfunction is one of the 
initial features of MS and characterizes by 
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diminished vasodilatation and/or paradoxical 
vasoconstriction of distal or coronary arteries 
in response to a nitric oxide (NO) liberating 
stimuli. Such response is observed in the early 
stages of the atherosclerotic process and may be 
quantified through the measurement of brachial 
artery flow mediated dilatation.

Endothel ia l  dys funct ion has  been 
documented in children with at least one of 
the MS components: insulin resistance,2,3 
central obesity,4-10 arterial hypertension,10 
atherogenic dyslipidemia11,12 or a combination 
of the anterior;5 but few studies have evaluated 
endothelial function directly in this group of 
patients. Therefore, the aim of this study is to 
assess endothelial function and intima-media 
thickness in children with MS compared with 
a control group.

Material and methods

Cross sectional study include children between 
the ages 3 to 17 years old were enrolled, in a 
period from November 2005 to July 2007, in 
the Instituto Nacional de Cardiología «Ignacio 
Chávez». Two groups were compared: 15 
participants in the MS group (body mass 
index ≥25kg/m2) vs. 15 in the control group, 
paired by age and sex. ATP III criteria was 
used to define MS. Children were evaluated 
by two expert pediatric cardiologists and an 
echocardiographic comprehensive evaluation 
was carried out. Exclusion criteria were children 
with congenital or acquired heart disease.

Echocardiographic evaluat ion was 
performed with a Phillips Sonos 5500 
ultrasound system, with an S3 transducer. Left 
ventricular systolic function was determined 

with the biplane method of disks. Systolic 
pulmonary artery pressure (SPAP) was estimated 
with Bernoulli equation using maximal velocity 
of tricuspid regurgitation jet acquired with 
continuous Doppler in the apical four chamber 
view.

Endothelial function evaluation was 
performed with a Phillips Sonos 5500 high 
resolution vascular ultrasound and a linear 
transducer of 3 to 11MHz. Brachial artery 
dilatation was measured according to previously 
established rules.13 Left arm extension and 
immobilization is required to allow access 
to the brachial artery. Image acquisition was 
performed in a longitudinal plane, including 
5cm of the artery, located 4-5cm above the 
antecubital fold. Mean diameter was obtained 
from 3 measurements in end-diastole (end of 
the T wave in the electrocardiogram). Blood 
pressure cuff was inflated to 150mmHg (systolic 
pressure) for 5min and arterial diameter was 
registered one and five minutes after deflating. 
Flow mediated vasodilatation (FMV) was 
defined as the percentage difference between 
the internal diameter of the brachial artery 
during reactive hyperemia in the first minute 
and its initial diameter. Any change less than 
10% was considered abnormal.

Intima-media thickness (IMT) of the left 
common carotid artery was evaluated. An 
average of three measurements from the media-
adventitia interface to the adventitia-intima 
interface was obtained. Such measurements 
were performed in the longitudinal plane, 2cm 
before the carotid bifurcation in three different 
points, with biplane technique. Values were 
considered normal when IMT was ≤0.04mm.

Statistical analysis. All variables were 
expressed as means and standard deviation 
according to their distribution. Primary 
objective was analyzed with a Student’s T test. 
A p≤0.05 was considered significant. A Pearson 
correlation coefficient was obtained between 
FMV and IMT.

Results

Table 1 shows there was a statistically significant 
difference among all clinical variables between 
groups. Mean age for the whole sample was 
10.6±3.3 years. Both FMV and reactive hyperemia 

Figure 1: 

Brachial artery 2D 
and m-mode images 

from a child with MS 
(upper images) and 

a healthy participant 
(lower images). This 

shows that FMV 
values are lower 

in MS group (2%), 
compared to control 

group (10.5%).
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showed significant differences between children 
with MS vs. controls (p<0.001) (Figure 1). FMV 
values were below 10 in 73% children with MS 
and only in 13% of the healthy group. Children 
with MS had significantly higher IMT and PAP 
values (p≤0.001 and p≤0.002 respectively).

There was a negative moderate correlation 
between FMV and IMT (r=-0.562).

Children with BMI of 25 to 32kg/m2 had an 
IMT of 0.07±0.002 mm vs. children with BMI 
<25kg/m2 (0.03±0.001 mm).

Discussion

Our study results in terms of values of FMV 
and IMT in children with any components 
of the metabolic syndrome were similar to 
those reported in other populations.4,14-20 To 
be noted are the low values of FMV found in 
the control group, which may be explained by 
higher altitude conditions.21

Apart from cardiovascular risk factors, other 
patient specific conditions may influence the 
IMT and FMV values, among which are: gene 
polymorphisms of endothelial nitric oxide 
synthase and other genes involved in lipid 
metabolism,22,23 MS family history,24 ethnic 
group,1 birth weight,25 mother’s diet during 
pregnancy and lactation26 and socioeconomic 
level.27

There’s a positive correlation between 
IMT and age, in part due to increase in 
blood volume, blood pressure and body 
mass index.28-31 Arterial hypertension is the 
single most important component of the 
MS in relation to great arteries structure and 
function.32

E leva ted  va lues  o f  IMT and low 
values of FMV correlate with obesity, 
high body fat percentage,7 high levels of 
plasma adiponectin and glucose,7 glucose 
intolerance, hyperinsulinemia, high levels of 
thrombomodulin, increase in proinflammatory 
adhesins such as intercellular adhesion molecule 
1, selectins, and C reactive protein levels,5 
which indicates a positive correlation between 
levels of systemic inflammation and endothelial 
dysfunction degree.5,19,33-35 In our study IMT 
values correlate inversely with FMV.

This is the first study that shows SPAP 
elevation in children with MS that could be 
explained by vasoconstriction of the pulmonary 
vascular bed mediated by a reduction in nitric 
oxide production and endothelin 1 relative 
increase.

Chronic inflammation is an essential 
factor in MS pathophysiology. It is well 
known that children with MS express an 
increased amount of proinflammatory and 
antifibrinolytic factors, and thereby develop 

Table 1: Clinical and echocardiographic variables in both groups.

Variable MS Controls p

Abdominal perimeter (cm) 	 96.5 	± 	6.7 	 54.2 	± 	6.3 0.001

Cholesterol t (mg/dL) 	 181 	± 	14.8 	 99 	± 	11.7 0.000

HDL (mg/dL) 	 34 	± 	2.9 	 44 	± 	3.8 0.002

LDL (mg/dL) 	 133 	± 	16.1 	 82 	± 	14.5 0.001

Triglicerides (mg/dL) 	 229 	± 	47.8 	 108 	± 	15.1 0.001

Glucose (mg/dL) 	 144 	± 	12.8 	 85 	± 	4.5 0.001

C reactive protein (mg/L) 	 11.8 	± 	2.2 	 1 	± 	0.4 0.000

BMI (kg/m2) 	 32 	± 	3.01 	 20 	± 	3.66 0.000

FMV (%) 	 8.7 	± 	1.6 	 12.9 	± 	1.2 0.000

IMT (mm) 	 0.06 	± 	0.002 	 0.03 	± 	0.005 0.001

SPAP (mmHg) 	 37.8 	± 	14.4 	 23.2 	± 	5.31 0.002

HDL = high density cholesterol; LDL = low density cholesterol; BMI = body mass index.
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insulin resistance which has been associated 
with endothelial dysfunction, the initial step 
in atherosclerosis.34-40 Chronic inflammation 
represents an important factor in the origin 
of the MS: stimuli such as over nutrition, 
physical inactivity, and age, can increase the 
secretion of cytokines and eventually lead 
to an increase in insulin resistance.34,35,41-43 
Some authors suggest tha central obesity is the 
trigger for glucose intolerance, increased pro-
inflammatory markers, endothelial dysfunction 
and prothrombotic state.44 Various factors 
secreted by adipocytes such as free fatty 
acids and tumor necrosis factor alpha have 
an important role in the development of 
insulin resistance by interrupting its signaling 
pathway.45 Also, the increase in lipase activity 
is linked to the proinflammatory condition of 
the syndrome.46

IMT values decline in obese children 
who experience weight loss, suggesting 
reversibility in the atherosclerotic process.47 
Therefore, the importance in early detection 
of endothelial dysfunction in children with 
MS, so that an effective primary prevention 
strategy could be established. Exercise 
contributes to improving endothelial function 
and increasing levels of HDL-cholesterol.48 
Exercise during childhood exerts its protective 
effect on the cardiovascular system, at the 
endothelium level.49 That is why treatment 
in children with metabolic syndrome should 
be based on in changes in eating habits and 
rigorous exercise.

Conclusions

Our study shows that children with MS have 
an increase in IMT values, higher PAP a lower 
VMF values compared with healthy children. 
All of which could represent signs of early 
atherosclerosis.

References

1.	 Barkai L, Paragh G. Metabolic syndrome in childhood 
and adolescence. Orv Hetil. 2006; 147: 243-250.

2.	 Del Giudice E, Dilillo A, Tromba L et al. Aortic, carotid 
intima-media thickness and flow- mediated dilation as 
markers of early atherosclerosis in a cohort of pediatric 
patients with rheumatic diseases. Clin Rheumatol. 
2018; 37 (6): 1675-1682.

3.	 Maple-Brown L, Cunningham J, Celermajer DS et al. 
Increased carotid intima-media thickness in remote 
and urban Indigenous Australians: impact of diabetes 
and components of the metabolic syndrome. Clin 
Endocrinol. 2007; 66: 419-425.

4.	 Kapiotis S, Holzer G, Schaller G et al. A proinflammatory 
state is detectable in obese children and is accompanied 
by functional and morphological vascular changes. 
Arterioscler Thromb Vasc Biol. 2006; 26: 2541-2546.

5.	 Gooty VD, Sinaiko AR, Ryder JR et al. Association 
between carotid intima media thickness, age, and 
cardiovascular risk factors in children and adolescents. 
Metab Syndr Relat Disord. 2018; 16 (3): 122-126.

6.	 Atabek ME, Pirgon O, Kivrak AS. Evidence for 
association between insulin resistance and premature 
carotid atherosclerosis in childhood obesity. Pediatr 
Res. 2007; 61: 345-349.

7.	 Reinehr T, Kiess W, de Sousa G et al. Intima 
media thickness in childhood obesity: relations to 
inflammatory marker, glucose metabolism, and blood 
pressure. Metabolism. 2006; 55: 113-118.

8.	 Zhu W, Huang X, He J et al. Arterial intima-media 
thickening and endothelial dysfunction in obese 
Chinese children. Eur J Pediatr. 2005; 164: 337-344.

9.	 Woo KS, Chook P, Yu CW et al. Overweight in children 
is associated with arterial endothelial dysfunction 
and intima-media thickening. Int J Obes Relat Metab 
Disord. 2004; 28: 852-857.

10.	 El Jalbout R, Cloutier G, Cardinal MR et al. Carotid 
artery intima-media thickness measurement in children 
with normal and increased body mass index: a 
comparison of three techniques. Pediatr Radiol. 2018; 
48 (8): 1073-1079.

11.	 Sorensen KE, Celermajer DS, Georgakopoulos 
D et al. Impairment of endothelium-dependent 
dilation is an early event in children with familial 
hypercholesterolemia and is related to the lipoprotein(a) 
level. J Clin Invest. 1994; 93: 50-55.

12.	 Pauciullo P, LIannuzzi A, Sartorio R et al. Increased 
intima-media thickness of the common carotid artery 
in hypercholesterolemic children. Arterioscler Thromb. 
1994; 14: 1075-1079.

13.	 Celermajer DS, Sorensen KE, Gooch VM et al. Non-
invasive detection of endothelial dysfunction in 
children and adults at risk of atherosclerosis. Lancet. 
1992; 340: 1111-1115.

14.	 Esposito K, Ciotola M, Schisano B et al. Oxidative stress 
in the metabolic syndrome. J Endocrinol Invest. 2006; 
29: 791-795.

15. 	Tołwińska J, Głowińska-Olszewska B, Urban M et al. 
Endokrynol Diabetol Chor Przemiany Materii Wieku 
Rozw. 2006; 12: 200-204.

16.	 Meyer AA, Kundt G, Steiner M et al. Impaired flow-
mediated vasodilation, carotid artery intima-media 
thickening, and elevated endothelial plasma markers 
in obese children: the impact of cardiovascular risk 
factors. Pediatrics. 2006; 117: 1560-1567.

17.	 Kadono T, Sugiyama H, Hoshiai M et al. Endothelial 
function evaluated by flow-mediated dilatation in 
pediatric vascular disease. Pediatr Cardiol. 2005; 26: 
385-390.

18.	 Järvisalo MJ, Lehtimäki T, Raitakari OT. Determinants of 
arterial nitrate-mediated dilatation in children: role of 
oxidized low-density lipoprotein, endothelial function, 



Espinola‑Zavaleta N et al. Endothelial function and intima-media thickness in children30

Cardiac Image Updated. 2019; 1 (1): 26-30 www.medigraphic.com/ciu

www.medigraphic.org.mx

and carotid intima-media thickness. Circulation. 2004; 
109: 2885-2889.

19.	 Day TG, Park M, Kinra S. The association between 
blood pressure and carotid intima-media thickness in 
children: a systematic review. Cardiol Young. 2017; 
27 (7): 1295-1305.

20.	 Liu F, Zhang HY, Liu XN et al. The association between 
metabolic syndrome and atherosclerosis. Zhonghua Yi 
Xue Za Zhi. 2003; 83: 1317-1320.

21.	 Frick M, Rinner A, Mair J et al. Transient impairment of 
flow-mediated vasodilation in patients with metabolic 
syndrome at moderate altitude (1,700 m). Int J Cardiol. 
2006; 109: 82-87.

22.	 González-Sánchez JL, Martínez-Larrad MT, Saez ME 
et al. Endothelial nitric oxide synthase haplotypes are 
associated with features of metabolic syndrome. Clin 
Chem. 2007; 53: 91-97.

23.	 Zannad F, Sass C, Visvikis S. Environmental and genetic 
determinants of intima-media thickness of the carotid 
artery. Clin Exp Pharmacol Physiol. 2001; 28: 1007-1010.

24.	 Yang XZ, Liu Y, Mi J et al. Pre-clinical atherosclerosis 
evaluated by carotid artery intima-media thickness and 
the risk factors in children. Chin Med J (Engl). 2007; 
120: 359-362.

25.	 Järvisalo MJ, Raitakari OT. Ultrasound assessment 
of endotelial function in children. Vasc Health Risk 
Manag. 2005; 1 (3): 227-233.

26.	 Das UN. Pathophysiology of metabolic syndrome X 
and its links to the perinatal period. Nutrition. 2005; 
21: 762-773.

27.	 Kivimäki M, Smith GD, Juonala M et al. Socioeconomic 
position in childhood and adult cardiovascular risk 
factors, vascular structure, and function: cardiovascular 
risk in young Finns study. Heart. 2006; 92: 474-480.

28.	 Osika W, Dangardt F, Grönros J et al. Increasing 
peripheral artery intima thickness from childhood to 
seniority. Arterioscler Thromb Vasc Biol. 2007; 27: 
671-676.

29.	 Ishizu T, Ishimitsu T, Yanagi H et al. Effect of age on 
carotid arterial intima-media thickness in childhood. 
Heart Vessels. 2004; 19: 189-195.

30.	 Empana JP, Zureik M, Gariepy J et al. The metabolic 
syndrome and the carotid artery structure in 
noninstitutionalized elderly subjects: the three-city 
study. Stroke. 2007; 38: 893-899.

31.	 Sass C, Herbeth B, Chapet O et al. Intima-media 
thickness and diameter of carotid and femoral arteries 
in children, adolescents and adults from the Stanislas 
cohort: effect of age, sex, anthropometry and blood 
pressure. J Hypertens. 1998; 16: 1593-1602.

32.	 Czernichow S, Bertrais S, Blacher J et al. Metabolic 
syndrome in relation to structure and function of 
large arteries: a predominant effect of blood pressure. 
A report from the SU.VI.MAX. Vascular study. Am J 
Hypertens. 2005; 18: 1154-1160.

33.	 Zambon A, Pauletto P, Crepaldi G. Review article: 
the metabolic syndrome-a chronic cardiovascular 

inflammatory condition. Aliment Pharmacol Ther. 
2005; 22 Suppl 2: 20-23.

34.	 Hidvégi T, Szatmári F, Hetyési K et al. Intima-media 
thickness of the carotid arteries in subjects with 
hyperinsulinaemia (insulin resistance). Diabetes Nutr 
Metab. 2003; 16: 139-144.

35.	 Valle-Jiménez M, Estepa RM, Camacho RM et 
al. Endothelial dysfunction is related to insulin 
resistance and inflammatory biomarker levels in obese 
prepubertal children. Eur J Endocrinol. 2007; 156: 
497-502.

36.	 Han SH, Quon MJ, Koh KK. Reciprocal relationships 
between abnormal metabolic parameters and 
endothelial dysfunction. Curr Opin Lipidol. 2007; 18: 
58-65.

37.	 Wassink AM, Olijhoek JK, Visseren FL. The metabolic 
syndrome: metabolic changes with vascular 
consequences. Eur J Clin Invest. 2007; 37: 8-17.

38.	 Ritchie SA, Connell JM. The link between abdominal 
obesity, metabolic syndrome and cardiovascular 
disease. Nutr Metab Cardiovasc Dis. 2007; 17: 319-
326.

39.	 Ailhaud G. Adipose tissue as a secretory organ: from 
adipogenesis to the metabolic syndrome. C R Biol. 
2006; 329: 570-577.

40.	 Beauloye V, Zech F, Tran HT et al. Determinants of 
early atherosclerosis in obese children and adolescents. 
J Clin Endocrinol Metab. 2007; 92: 3025-3032.

41.	 Bahia L, de Aguiar LG, Villela NR et al. The 
endothelium in the metabolic syndrome. Arq Bras 
Endocrinol Metabol. 2006; 50: 291-303.

42.	 Esposito K, Giugliano D. The metabolic syndrome and 
inflammation: association or causation? Nutr Metab 
Cardiovasc Dis. 2004; 14: 228-232.

43.	 Koh KK, Han SH, Quon MJ. Inflammatory markers and 
the metabolic syndrome: insights from therapeutic 
interventions. J Am Coll Cardiol. 2005; 46: 1978-1985.

44.	 Terán-García M, Bouchard C. Genetics of the 
metabolic syndrome. Appl Physiol Nutr Metab. 2007; 
32: 89-114.

45.	 Lupattelli G, Marchesi S, Ronti T et al. Endothelial 
dysfunction in vivo is related to monocyte resistin mRNA 
expression. J Clin Pharm Ther. 2007; 32: 373-379.

46.	 Lamarche B, Paradis ME. Endothelial lipase and the 
metabolic syndrome. Curr Opin Lipidol. 2007; 18: 
298-303.

47.	 Wunsch R, de Sousa G, Toschke AM et al. Intima-media 
thickness in obese children before and after weight 
loss. Pediatrics. 2006; 118: 2334-2340.

48.	 Kelly AS, Wetzsteon RJ, Kaiser DR et al. Inflammation, 
insulin, and endothelial function in overweight 
children and adolescents: the role of exercise. J Pediatr. 
2004; 145: 731-736.

49.	 Abbott RA, Harkness MA, Davies PS. Correlation of 
habitual physical activity levels with flow-mediated 
dilation of the brachial artery in 5-10 year old children. 
Atherosclerosis. 2002; 160: 233-239.


