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ARTICLE INFO  ABSTRACT 
 
 

Introduction: Confirmation of new markers that relate to metabolic syndrome evidence of 
cardiovascular disease prevention possibilities.  Persistent metabolic syndrome is associated with 
new cardiovascular risk factors in children and adolescents are overweight or obese. Materials 
and Methods: Study of repeated measurements performed on Childhood Obesity Center April / 
2009 to April / 2012, involving 133 children and adolescents. The evaluation took place at first 
and after 24 months. In both evaluations were performed anthropometry and diagnosis of 
metabolic syndrome, the second time the persistence of the syndrome was identified and then was 
verified its relationship with the new risk markers [fibrinogen, C-reactive protein ultrasensitive 
(CRP) , homocysteine and lipoprotein (a)]. Results: We observed persistence of the syndrome in 
17.3% of evaluated. There was a positive correlation between homocysteine with waist 
circumference (p = 0.04) and negatively with HDL-C (p = 0.04) and positive of us-CRP with 
waist circumference (p = 0.01). Conclusions: Persistent metabolic syndrome was not associated 
with new cardiovascular risk markers, however there was positive correlation between the levels 
of hsCRP and homocysteine with waist circumference, negative relationship between HDL-C and 
hsCRP with lipoprotein (a) with waist circumference. 
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INTRODUCTION 
 
Current epidemiological evidence shows pandemic 
proportions of cardiovascular diseases (CVD) and the number 
of people at high risk of developing these disorders is 
increasing.  Studies have shown that only 2 to 7% of the 
general population does not have any cardiovascular risk 
factor, while over 70% of individuals present multiple factors 
1,2. The development of atherosclerosis, as evidenced by the 
presence of fatty streaks in the vascular endothelium, begins in 
childhood, in association with increasing adiposity, 
dyslipidemia and hypertension, and the additional effect of 
these factors has increased the risk of premature death in 
adulthood.  
 

 
 
Given these associations and the increasing prevalence of 
obesity, including morbid obesity, demonstrated in three 
Brazilian surveys 3, the identification of children and 
adolescents at risk for cardiovascular disease becomes 
increasingly urgent4. The relationship between obesity and 
metabolic syndrome seems especially important in childhood 
because excess weight has been considered a predisposing 
factor for the development of risk factors, thus contributing to 
early endothelial dysfunction, which has been diagnosed in 
approximately 40% of obese children 5. Study carried out with 
458 American children and adolescents followed for 10 years 
to verify the type of metabolic syndrome in the transition to 
adulthood, showed that obese adolescents were more likely to 
develop persistent or intermittent metabolic syndrome 6. 
Although still widely discussed, the most used concept of 
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metabolic syndrome (MS) in childhood consists of at least 
three of the risk factors considered traditional: increased waist 
circumference, high blood pressure, hypertriglyceridemia, 
high-density lipoprotein (HDL-C) and hyperglycemia 7, but 
new markers present in cardiovascular events have shown a 
close relationship with obesity and diagnosis of MS 8.
Prothrombotic factors involved in obesity interface, 
cardiovascular disease and endothelial dysfunction, such as 
inflammatory markers such as High Sensitivity C-Reactive 
Protein (hsCRP), coagulation factors such as fibrinogen and 
liver and plasma proteins such as lipoprotein (a) and 
homocysteine have emerged as promising tools for diagnosis, 
prognosis and therapeutic guidelines of individuals at risk9. In this context, the present study aims to evaluate the relationship between persistent MS and new cardiovascular risk marker
 

MATERIAL AND METHODS 
 
This is a cross-sectional study of repeated measurements 
performed at the Childhood Obesity Centre, reference service 
that treats overweight or obese children and adolescents 
referred by Basic Health Units. All children and adolescents 
aged 2-18 years who searched the service from April / 2009 to 
April / 2012 were considered as study population. The 
minimum sample size was estimated in 200 visits, based on a 
population of 65,890 children and adolescents aged 2-18 years 
registered on December 2008 in the primary care information 
system (SIAB) of Campina Grande. Prevalence of overweight 
and obesity of 25% 10 and MS of 42% in Brazilian children 
and adolescents with this condition was also considered 11, 
with 20% increase for possible losses. The selection of 
children and adolescents was based on convenience criteria, 
and their recruitment was done sequentially over the study 
period until reaching the minimum number required. Those 
who were excluded at the time of data collection were carriers 
of a chronic disease such as hypertension and diabetes or were 
on medications that interfere with glucose or lipid metabolism, 
such as corticosteroids. After 24 months of follow-up, the 133 
children and adolescents who remained in the study were 
reassessed in relation to nutritional status and metabolic 
condition (Figure 1). Over two years, participants have gone 
through quarterly consultations with endocrinologist, 
nutritionist and physical trainer for the performance of 
physical examination, guidance on complications associated 
with overweight and about the practice of physical exercise 
and monthly by the nurse who performed anthropometric 
measurements. Children and adolescents recruited at the first 
moment who discontinued were called for reassessment. For 
participation in both stages of the study, parents / guardians 
were informed about the procedures and in case of agreement, 
they signed the Informed Consent Form (ICF). After 
implementation of the checklist for verification of the 
exclusion criteria on both moments, a form addressing 
demographic, socioeconomic issues (gender, age and income) 
was applied and anthropometric measurements and laboratory 
tests were performed. Anthropometric variables (weight, 
height and waist circumference) were observed in duplicate, 
being considered the average of the two measurements, 
according to recommendations of the World Health 
Organization (WHO) 12. Nutritional status was classified 
according to body mass index (BMI), according to 
recommendations from the Centers of Disease Controland 
Prevention (CDC) as overweight (BMI ≥ 85th percentile and 
<95th percentile), obesity (BMI ≥ 95th percentile and <97th 
percentile) and severe obesity (BMI ≥ 97thpercentile) 13. Waist 
circumference (WC) was considered increased when 
presenting values higher than or equal to the 90th percentile, 

according to the International Diabetes Federation (IDF) 14, 
with maximum of 88 cm for girls and 102 cm for boys, 
according to the National Cholesterol Education Program 
Adult Treatment Pannel III (NECP-ATPIII) 15, measured at 
the midpoint between the lateral iliac crest and the lower edge 
of the last rib, during expiration 16. Blood pressure was 
measured by the oscillometric method with Tycos® 
equipment, according to rules established in the VI Brazilian 
Guidelines on Hypertension 17. High-density lipoprotein 
(HDL-C), triglycerides (TG) and glucose were assessed by the 
enzymatic colorimetric method in automatic equipment 
(Model BioSystems 310), lipoprotein (a) was assessed by the 
nephelometry technique 18, fibrinogen by coagulometric 
method, homocysteine verified by enzyme immunoassay and 
determination of high hensitivity C-Reactive Protein (CRP) 
performed by chemiluminescence in IMMULITE 1000 
automated equipment (SIEMENS®). Blood samples were 
collected after a 12-hour fasting period. The diagnosis of MS 
was carried out using criteria recommended by the NCEP / 
ATPIII and adapted to age group. The presence of at least 
three of the following criteria, according to the NCEP / ATPIII 
was considered: WC above or equal to the 90th percentile for 
gender, age and race; Triglycerides ≥ 100 mg/dLnand / or 
HDL-C<45 mg / dL, fasting glucose ≥100mg / dL, systolic and 
/ or diastolic pressure above or equal to the 90th percentile for 
sex, height and age. The diagnosis of MS was verified in two 
moments and divided into two groups: negative or intermittent 
MS, individuals who have never had or had diagnosis of MS 
in one of the following points and persistent MS was 
diagnosed in individuals who were diagnosed with MS in both 
assessments. New cardiovascular risk markers were 
considered according to the III Brazilian Guidelines on 
Dyslipidemia: lipoprotein (a) with values equal to or greater 
than 30 mg / dL 19, homocysteine and fibrinogen levels, as 
there is no cutoff point to the child population and hs-CRP 
above 3 mg / dL excluding values equal to or greater than 10 
mg / L for suggesting acute infectious or inflammatory process 
20. To verify the normality of variables, the Kolmogorov-
Smirnoff test was applied. Data were presented as proportions, 
means and standard deviations (SD) for variables with normal 
distribution and median and interquartile interval for variables 
that are not normally distributed. Comparisons of the first 
moment and after 24 months of the frequencies of variables 
(BMI, WC, systolic and diastolic blood pressure, triglycerides, 
HDL-C, fasting blood glucose and hsCRP) were performed by 
the McNemar test. To perform the comparison of means of 
hsCRP and MS components at the end of the assessment 
according to the persistence or not of MS, the Student t test 
was used for the median of the other cardiovascular risk 
markers (lipoprotein (a), fibrinogen and homocysteine), as 
well as the Mann-Whitney test. Spearman correlation between 
the new cardiovascular markers and MS components was also 
performed (Altman, 1991). All analyses were performed with 
the SPSS software version 17.0 (SPSS Inc, Chicago, USA), 
considering a significance level of 5%.This study was 
approved by the Ethics Research Committee of the Paraíba 
State University through CAAE nº. 0040.0.133.000-08. 
 

RESULTS 
 

Biological, clinical and laboratory characteristics of 133 
children and adolescents evaluated are shown in Table 1. 
Persistent MS occurred in 17.3% of children and adolescents 
evaluated, with significant reduction of prevalence after 24 
months (p = 0.02).  

41307                                      Anajás da Silva Cardoso Cantalice et al., Persistent metabolic syndrome and new cardiovascular risk  
markers in overweight or obese children and adolescents 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Flowchart of losses during the 24-month evaluation 
 

Table 1. Sample Characterization during the evaluation period. Childhood Obesity Centre, Campina Grande - Paraíba, 2009- 2012 
 

Variables  
 

T0 
n (%) 

T24 months 
n (%) 

Persistence of components 
n (%) 

p 

Sex   -  
Male 52 (39.1)    
Female 81 (60.9)    
Age Group(2012)     
Childhood 53 (39.9) 30 (22.6)   
Adolescence 80 (60.1) 103 (77.4)   
Income     
≤ 2 minimum wages 71 (53.4) -   
>2 minimum wages 62 (46.6) -   
Nutritional Status   76 (57.1) 0.32 
Severe obesity 91 (68.4) 85 (63.9)   
Overweight / Obesity 42 (31.6) 44 (33.1)   
Normal weight - 4 (3.0)   
High waste circumference 86 (64.7) 94 (70.7) 74 (56.1) 0.28 
Hypertriglyceridemia 47 (35.6) 54 (40.6) 29 (22.1) 0.36 
Low HDL (mg/dL) 105 (79.5) 117 (89.3) 96 (73.8) 0.06 
High systolic pressure (mmHg) 49 (36.8) 12 (9.1) 6 (4.5) <0.01 
High diastolic pressure (mmHg) 86 (64.7) 42 (31.8) 32 (24.2) <0.01 
Fasting hyperglycemia 2 (1.5) 1 (0.8) 1 (0.8) 1.00 
MS diagnostic 50 (38.2) 33 (25.8) 22 (17.3) 0.02 
Hs-PCR 47 (40.9) 48 (38.4) 22 (20.8) 0.868 

HDL - High Density Lipids; SBP - systolic blood pressure; DBP - diastolic blood pressure; MS - Metabolic Syndrome; hsCRP - High 
Sensitivity C-Reactive Pro 
 

Table 2: Demographic characteristics, MS components and new cardiovascular risk markers at the end of the evaluation period 
according to MS persistence. Childhood Obesity Centre, Campina Grande - Paraíba, 2009- 2012 

 

 MS persistence  

Variables  
 

Present 
Mean (±SD) 

Absent 
Mean (±SD) 

P 

Age 11.6     (3.69) 13.2     (3.71) 0.06 
Income (R$) 1312.8  (687.84) 1505.3 (1423.21) 0.53 
BMI 30.2     (5.77) 29.3      (6.00) 0.49 
Waist circumference (cm) 90.8     (13.53) 88.3      (12.23) 0.40 
Triglycerides (mg/dL) 164.9    (98.56) 130.4     (71.54) 0.05 
HDL (mg/dL) 34.7      (6.23) 35.2       (9.50) 0.80 
Systolic BP (mmHg) 113.2     (9.18) 107.0      (10.26) 0.01 
Diastolic BP (mmHg) 79.9       (5.73) 71.5        (8.12) <0.01 
Fasting blood glucose (mg/dL) 82.1     (9.77) 79.8        (9.21) 0.30 
HsCRP 2.9        (2.07) 3.0           (3.79) 0.95 

              HDL - High Density Lipids; SBP - systolic blood pressure; DBP - diastolic blood pressure; hsCRP - High Sensitivity C-Reactive Protein. 
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Among MS components, only systolic and diastolic blood 
pressure were significantly reduced (p <0.01). There was also 
a reduction of severe obesity (percentil≥97) with appearance 
of normal weight individuals (3%). The component that 
showed higher prevalence of persistent MS was low HDL-c 
(Table 1). Significant difference in mean triglyceride levels (p 
= 0.05), systolic (p = 0.01) and diastolic blood pressure (p 
<0.01) among participants with persistent MS compared to 
those without the syndrome (Table 2). However, this 
relationship has not been verified with mean fibrinogen, 
homocysteine and lipoprotein values (a) (Figure 2). Among 
the MS components, there was positive correlation between 
waist circumference with homocysteine (p = 0.04) and hsCRP 
(p = 0.01) and low HDL-c with homocysteine (p = 0.04) 
(Table 3). 
 

DISCUSSION 
 
Since MS is composed of known risk factors, in which the 
effect of different factors is synergistic, multiplicative and 
amplifies, to a considerable extent, the risk for cardiovascular 
events, the confirmation of new markers related to this 
syndrome shows possibilities of preventing these outcomes 21. 
In this sense, this research points out the relationship between 
new cardiovascular risk markers and MS persistence in 
overweight or obese children and adolescents. Although they 
have been studied separately, metabolic and immune pathways 
in the human body are interdependent, as hormones, cytokines 
and signaling proteins act on both routes aiming at 
homeostasis22. In this study, there was no relationship of 
fibrinogen, homocysteine, hsCRP or lipoprotein (a) directly 
with the MS persistence, but with some of its components. 
Fibrinogen, an acute phase protein, is part of the group of 
inflammatory biomarkers produced by hepatocytes and 
considered an important marker to monitor the progress of the 
atherosclerotic inflammatory process 23. The relationship with 
MS is explained by the increase of its synthesis in response to 
chronic inflammatory events present in obesity, a common 
outcome of this syndrome 24.   
 
Study with 241 French children showed association between 
increased fibrinogen levels and fat mass percentage and higher 
number of cardiovascular risk factors 25, corroborating 
research carried out with Asian obese children points positive 
correlation between fibrinogen and BMI, Triglycerides, Total 
Cholesterol, LDL-C and fasting insulin and negative with 
HDL-c 26. Homocysteine levels (amino acid derived from 
methionine) have been linked to increased risk of premature 
coronary artery disease, stroke, and thromboembolism, even in 
individuals who do not have classical risk factors like 
dyslipidemia. Abnormal homocysteine levels appear to 
contribute to atherosclerosis due to the following reasons: (1) 
direct toxic effect that damages cells covering the inner side of 
the arteries, (2) interference with clotting factors, and (3) 
oxidation of low density lipoproteins (LDL)27. A survey with 
1,000 Nepalese children and adolescents found association  

 
 
 
 
 
 
 
 

 
between elevated homocysteine levels and increased risk of 
metabolic syndrome from logistic regression models adjusted 
for sex 28. Study with 540 Brazilian children and adolescents 
also points relationship between hyperhomocysteinemia and 
MS, as well as blood pressure and weight 29. This study also 
found a positive correlation of hsCRP and homocysteine with 
waist circumference, negative correlation of hs-PCR and 
HDL-C and lipoprotein (a) with waist circumference. The first 
suggestion for a possible connection of hsCRP with 
atherosclerosis came with the observation that the protein 
selectively binds to the low density lipoprotein (LDL-C). It is 
speculated hsCRP can have significant pro-inflammatory 
effects and that when binding to molecules exposed on the 
cells (resulting from infection, inflammation, ischemia and 
other diseases) and trigger complement activation, it can 
exacerbate tissue damage, reflecting increased formation of 
atherosclerotic plaques, higher tendency to plaque rupture and 
thrombosis 30. A study carried out with 80 obese Kuwaiti 
adolescents showed positive correlation of hsCRP levels with 
BMI and waist circumference 31, in accordance with 
Cardiovascular Health Study, which also highlights this 
association, indicating that although there is no single cutoff 
point, children and adolescents included in the study had 
subclinical inflammation associated with obesity and visceral 
adiposity 32. 
 
A longitudinal study carried out for 3 years with overweight 
children and adolescents aged 8-13 years in Latin America 
showed that persistent metabolic syndrome was significantly 
associated with high carotid intima-media thickness, as well 
persistence of high waist circumference, showing the 
atheroschlerotic potential of metabolic alterations for 
prolonged periods 33. As for lipoprotein (a), results have shows 
its double atherogenic character due to the fact that it has lipid 
composition similar to that of LDL-c and the presence of 
apolipoprotein (a) in its structure, which has a high degree of 
homology with plasminogen. When evaluating its relationship 
with BMI in the pediatric population, divergent results are 
obtained 8. Study of young people presenting obesity, 
hypertension and diabetes showed significant changes in lipid 
metabolism, particularly for total cholesterol, LDL-c, the 
triglycerides, lipoprotein (a) and apolipoprotein A levels (Apo 
A) and Apo B34. However, similarly to results observed in this 
study, studies evaluating obese children and african-American 
adolescents found a negative correlation with BMI and waist 
circumference, emphasizing that increased plasma levels of 
lipoprotein (a) is not an independent risk factor for 
cardiovascular diseases35. Given the above, it appears that the 
classic risk factors for cardiovascular diseases do not fully 
explain cardiac outcomes, keeping the interest of many 
researchers in the biochemical and nutritional factors involved 
in the pathophysiology of the vascular disease36. The sample 
loss (21.8%) in the evaluation period was similar to other 
studies with obese or overweight young people 6. Some factors 
may have contributed to these losses, for example, difficulty in 
commuting, since many children needed public transportation 

Table 3: Correlation of MS components according to new cardiovascular risk markers at the end of the evaluation period according to 
the MS persistence. Childhood Obesity Centre, Campina Grande - Paraíba, 2009- 2012 

 

Variables Fibrinogen r p HCY 
r 

P Lipo (a) 
r 

P hsPCR 
r 

p 

Waist circumference 0.07 0.41 0.17 0.04 -0.16 0.05 0.21 0.01 
Triglycerides 0.08 0.37 -0.10 0.26 -0.02 0.81 0.07 0.41 
HDL-c -0.12 0.19 -0.17 0.04 0.01 0.88 -0.14 0.12 
Fasting blood glucose 0.10 0.25 -0.03 0.69 -0.08 0.32 -0.06 0.51 
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and the project does not have resources to control this 
difficulty; and the need for the presence of a responsible 
person to lead the child to the place of intervention. 
  
Conclusions 
 
This study has important implications for screening of 
overweight or obese children and adolescents, pointing to new 
cardiovascular risk markers associated with a group of 
persistent metabolic disorders. However, given the complexity 
and multifactorial origin of cardiovascular diseases, studies 
with broader population groups randomized and with cross-
sectional design are necessary to understand the impact of 
these markers on cardiovascular health, as well as for real 
need for inclusion of obese individuals in evaluation protocols. 
Persistent MS showed not associated with new cardiovascular 
risk markers under analysis [fibrinogen, homocysteine, hsCRP 
and lipoprotein (a)]. However, there was a positive correlation 
of hsCRP levels and homocysteine with waist circumference 
and negative correlation of homocysteine with HDL-C and 
lipoprotein (a) with waist circumference. Understanding the 
cascade of metabolic and immune alterations related to 
cardiovascular diseases is an important tool for early diagnosis 
and health promotion. 
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