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Abstract

Introduction: The more intense and early development of obesity, the greater the risk of persis-
tence and severity of co-morbidities, such as cardiovascular disease. There is evidence that high
serum concentrations of lipoprotein (a) [Lp (a)] and C-reactive protein (CRP) are associated with
increased risk of cardiovascular diseases. Objectives: To verify the change in the levels of Lp (a)
and ultrasensitive CRP and its relationship with the nutritional status of adolescents. Methods:
Cross-sectional study conducted with overweight children and adolescents between August 2012
and July 2013 attended at the Center for Childhood Obesity. The measurement of inflammatory
markers was performed in the Clinical Laboratory of the State University of Paraiba. Comparison
of sociodemographic variables by sex was tested by chi-square; the association of the risk markers
according to age was evaluated by Student’s t test, and the body mass index by analysis of Pearson
correlation. The normality distribution was tested by the Kolmogorov-Smirnov test. Confidence
interval of 95% was adopted in all analyses. The study was approved by the Ethics Research Com-
mittee of UEPB (CAAE 0256.0.133.000-11). Results: Of the 133 children and adolescents evaluated,
60.9% were female and 72.2% were adolescents. Body Mass Index, lipo (a) and u-CRP showed sta-
tistically significant association with age (p < 0.01). There was a positive ascending correlation (r
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= 0.273, p < 0.01) of u-CRP with BMI, which was not verified for lipoprotein (a). Conclusion: As a
cardiovascular risk marker already established in literature, the association of u-CRP with the nu-
tritional status of adolescents, proportionally, shows the need for losing weight in this population,
especially at early age. A deeper and long-term investigation should be carried out for more effec-
tive and consistent contribution to public health.
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1. Introduction

Obesity is a multifactorial condition involving genetic and environmental components [1] that represent a public
health problem since it affects different populations, regardless of stage of life and socioeconomic status [2]. In
Brazil, the Brazilian Institute of Geography and Statistics (IBGE) indicates that among children aged 5 - 9 years,
one in three is overweight, 14.3% of them are obese [3]. In the adolescent population, 19.4% of girls and 21.7%
of boys present similar diagnosis [4].

This physical condition is considered the most relevant nutritional problem among children [1], since indi-
viduals with a prevalence of fat in body composition are more likely to develop chronic degenerative diseases
[5]. The more intense and early development of obesity, the greater the risk of persistence and severity of
co-morbidities, such as cardiovascular disease, hypertension, diabetes and some types of cancers [2]. These dis-
eases were more frequent among adults, but are now occurring increasingly early, whose identification is essen-
tial in the early stages of life [5].

There is a consensus that cardiovascular disease (CVD) is a multifactorial etiology including, in addition to
lifestyle, atherosclerotic, prothrombotic and inflammatory components. Thus, in addition to the evaluation of
conventional risk factors, new markers have been explored in prospective observational studies in order to im-
prove the capacity of predicting the risk of cardiovascular events [6].

There is evidence that elevated serum lipoprotein (a) [Lp (a)] and C-reactive protein (CRP) concentrations are
associated with increased risk of cardiovascular diseases, which classify them as potential risk markers [7].

Lp (a) lipoprotein is a plasma lipoprotein, similar to the LDL particle (low density lipoprotein), as a apolipo-
protein B molecule (Apo B) and an additional protein, apolipoprotein A (Apo A). Recent studies have reported
that Lp (a) is a stable risk marker of major forms of vascular diseases, with atherogenic and thrombotic proper-
ties [8].

Ultrasensitive CRP (u-CRP) is produced in the liver in response to stimulation of inflammatory cytokines. An
inflammatory marker has been widely used for detection of CVD. Prospective studies have demonstrated that
elevated u-CRP levels are associated with increased risk of several manifestations of CVD, including myocardi-
al infarction, stroke, sudden death and systemic blood hypertension (SBH) [9].

The diagnosis and interventions during childhood and adolescence have been recommended to prevent the
development of chronic diseases in adulthood [10], since studies show that there is a risk at least twice greater
developing obesity in adulthood for obese compared to non-obese children [11]. Thus, this study aims to assess
the prevalence of changes in risk markers, lipoprotein A and ultrasensitive C-reactive protein and its relation to
the nutritional status of children and adolescents.

2. Methods

2.1. Study Location and Design

Cross-sectional study conducted at the Centre for Childhood Obesity (CCO) and Clinical Laboratory (LAC) of
the State University of Paraiba, Campina Grande, PB, Brazil, between August 2012 and July 2013.

2.2. Population and Sample

The sample was composed of children and adolescents aged 2 - 19 years with diagnosis of overweight or obesity
attended at CCO. Those using medications or conditions that could compromise the glucose or lipid metabolism
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such as kidney, liver diseases; pregnancy or the presence of inflammatory diseases were excluded.

2.3. Study Variables

The recruited patients completed a checklist to verify the inclusion/exclusion criteria of the study and par-
ents/guardians signed then informed consent form for participation. The following variables were considered:
age (classified into two age groups: 2 - 9 years and 10 to 19 years); sex; color (classified as white or nonwhite);
income (in accordance with the minimum wage at the time of the study) and per capita income, considering the
family members residing with the patient; type of school (public or private). In addition to the socioeconomic
and demographic information through questionnaire, anthropometry was performed (weight and height) for
classification of nutritional status, and blood collection for biochemical testing of Lp (a) and u-CRP.

Welmy® digital scale with sensitivity of 100 g and stadiometer with scale of 1 mm were used. In addition to
the evaluation as continuous variable, body mass index (BMI) was used to determine nutritional status, accord-
ing to the z score and to age: overweight (+1 > z score < +2), obesity (+2 > z score < +3) and severe obesity (z
score > +3). For over 18 years of age, the cutoff points for BMI (in kg/m?) were: overweight (25.0 < BMI < 30.0)
and obesity (>30.0 kg/m?) [12]. For purposes of analysis, obesity and severe obesity variables were grouped into
only one category.

Lipoprotein (a) was measured by immunoturbidimetry technique using in vitro lipoprotein (a) turbidimetric
diagnosis. For interpretation of Lp (a), values above 30 mg/dL were considered elevated. Serum u-CRP was de-
termined y chemiluminescence. The levels of this protein have been classified into low-risk for cardiovascular
values < 1 mg/L, moderate risk values between 1 and 3 mg/L and increased risk levels > 3 mg/L. Samples > 10
mg/L were excluded for suggesting acute infectious or inflammatory process.

2.4. Data Collection Procedures

Data collection was performed after the clarification of all procedures adopted, including the need to fast for 12
hours prior to the day of blood collection. Parental consent was required by signing the Free and Informed
Consent Form (ICF). Blood for the determination of lipids was collected in schools by specialized technicians at
previously scheduled day, always in the morning. Samples were processed and analyzed by outsourced labora-
tory (enzymatic colorimetric method), hired for this purpose, with Lab-SPC/ML quality control seal.

2.5. Data Processing and Statistical Analysis

For statistical analysis, data were described as mean, standard deviation and frequencies, analyzed using the
SPSS 22.0 program. The distribution of sociodemographic variables by sex was tested by chi-square; risk mark-
ers with age by Student’s t test and correlation with BMI by Pearson correlation analysis. The normality distri-
bution was tested by the Kolmogorov-Smirnov test. Confidence interval of 95% was adopted in all analyses.

2.6. Ethical Aspects

Ethical standards in research with human beings according to the letter of Helsinki have been applied. The
project was approved by the Ethics Research Committee of UEPB (CAAE: 0256.0.133.000-11).

3. Results

Of the total of 133 children and adolescents evaluated, 60.9% (n = 81) were female, 72.2% (n = 96) adolescents,
63.2% (n = 84) with income below or equal to two minimum wages and per capita income of R$366.93. Socio-
demographic variables are described in Table 1.

The prevalence of obesity was 80.5% (n = 107). Changing lipo (a) happened in 42.1% (n = 56) of cases and
u-CRP alteration was 39.8% (n = 53). Tests with clinical and biochemical variables (BMI, lipo (a) and u-CRP)
stratified according to gender were performed. However, no statistically significant differences (p > 0.05) were
found. However, when assessing these variables by age group, difference for all ages was found, as expected.
Age, therefore, appears as an independent risk factor, although at early ages (Table 2).

Figure 1 and Figure 2 show the correlation of the two markers evaluated with respect to body mass index.
Contrary to expectations, although with weak correlation with BMI, lipoprotein (a) showed reverse correlation (r
=—0.195, p = 0.03). This may have occurred due to the amplitude of results (2 - 113 mg/l) probably due to the
wide age range, since children and adolescents were evaluated. With respect to u-CRP, an ascending positive
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Table 1. Sample distribution in terms of socioeconomic and demographic characteristics, according to sex. Campina Grande,
PB, 2012-2013.

MALE FEMALE
CHARACTERISTICS p-value (Cl 95%0)
n % n %
Age group
Children 23 34.6 22 235
0.22 (0.26 - 1.24)
Adolescent 29 65.4 58 76.5
Color
White 18 34.6 28 34.6
0.85 (0.48 - 2.08)
Non white 34 65.4 53 65.4
School
Public 33 63.5 43 53.1
0.31(0.75-3.13)
Private 19 36.5 38 46.9

Children: 2 - 9 years; Adolescents: 10 - 19 years.

Table 2. Sample distribution according for cardiovascular risk markers according to age. Campina Grande, PB, 2012-2013.

CHILD ADOLESCENT
MARKERS p-value (CI 95%)
Mean SD Mean SD
BMI (kg/m?) 26.3 47 30.5 6.2 <0.01 (28.3-30.4)
Lipo (a) (mg/dL) 38.6 28.8 29.8 28.9 <0.01 (27.2 - 37.4)
u-CRP (mgLl) 3.4 5.4 3.6 39 <0.01 (2.9 - 4.4)

BMI: Body mass index; Lipo (a): Lipoprotein (a); u-CRP: Ultrasensitive C-reactive protein; SD: Standard deviation; Cl: Confidence interval.
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Figure 1. Correlation between lipoprotein (a) and body mass index in children
and adolescents. Campina Grande, PB, 2012-2013.
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Figure 2. Correlation between ultrasensitive C-reactive protein and body mass
index in children and adolescents. Campina Grande, PB, 2012-2013.

correlation with BMI was found (r = 0.273, p < 0.01).

4. Discussion

The prevalence of obesity during childhood and adolescence has increased rapidly in both developed countries
and developing countries, reaching proportions considered epidemics [13]. This condition is a major risk factor
for many health conditions, especially cardiovascular diseases, certain types of cancers and respiratory diseases,
adversely affecting the quality of life of people. In addition, obese children have a much higher risk of remain-
ing obese at adult age [14]. This has led to an increasing interest in research of risk markers that may predict
possible future cardiac events, such as lipoprotein (a) and ultrasensitive C-reactive protein.

Similar to the findings of Nascimento et al. (2012) [15], who in a cross-sectional study found a 54.7% female
with mean age 11 years; of the 133 patients evaluated in this study, there were more girls (60.9%) and adoles-
cent age group (72.2%).

As for skin color variable, 66.2% were nonwhite, corresponding to the findings of Wood et al. (2009) [16],
whose prevalence ranged from 63.3% in the obese group and 54.8% in the overweight group. Although in this
study this variable was not analyzed according to the nutritional status, it appears that the prevalence remains
high.

With regard to family income, a quantitative of two or more minimum wages for only 33.8% of family mem-
bers was shown. These values are lower than those obtained by Ramos et al. (2011) [17] in a study conducted in
the city of Campina Grande, in 2009, which showed 42.2% for this variable, a difference of 9.2% in the eco-
nomic condition.

Regarding the type of school, 66% reported public schools, corroborating the findings of Rossetti et al. (2009)
[18], who identified an even higher percentage in their research, 80%. The fact that this study included children
and adolescents attended in a public specialized service with predominance of low family income can explain
this high percentage.

The evaluation of socioeconomic and demographic variables stratified by sex showed no statistically signifi-
cant difference. Similar results were observed by Costa et al. (2012) [19], who found no variation by gender.

BMI was associated with age, the same was not observed for lipoprotein (a) and u-CRP. Similarly, in the
study by Khan et al. (2010) [20], average lipoprotein (a) was greater in adolescents, which may be due to the
fact that body mass index was also higher in this population.
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u-CRP showed similar averages for both children and adolescents, corroborating the findings of Kitsios et al.
(2009) [21]. In this case, positive correlation between u-CRP levels in overweight and obese children and ado-
lescents was also observed. The difference of the correlation observed for markers investigated in his study dif-
fer from studies conducted by Cordero et al. (2011) [22] and Nascimento et al. (2012) [15], which showed a
significant correlation for both variables. As for u-CRP, the ascending correlation with BMI was similar to re-
sults shown by Nascimento et al. (2012) [15].

Recent studies with similar population found associations between CRP and BMI. Eight European countries,
in 2013, showed correlation between the above markers. Even stratified by sex, which differs from the present
study, the values for p were statistically significant (male: p = 0.000062; female: p = 0.001) [23]. In another
study conducted in the same year, in the city of Rio de Janeiro (Brazil), was evidenced similar association be-
tween the same markers, with values of r = 0.51 and p < 0.0001 [24].

With respect to the Lp (a), Cohen and Damasceno (2013), in a study conducted in Sdo Paulo with 137
schoolchildren, to analyze the molecules of apolipoprotein A and B, plasma markers that comprise the lipo (a),
depending on the classification of BMI, was found that the obese group (n = 66) showed higher values than
normal weight (n = 71) for Apo B (p < 0.01). The opposite profile was observed for the variable Apo Al (p <
0.01). However, when the sample was stratified by gender, it was found that in eutrophic group, the variable
Apo Al (p =0.027) and Apo B ratio/Apo Al (0.027) were significantly higher in males [25].

5. Conclusions

Lipo (a) and u-CRP are risk markers for CVD and may be altered in early stages of life, as in the pediatric age
group. These markers seem to have relationship with overweight, having high prevalence of changes in over-
weight population. Although lipo (a) has not shown growing relationship with BMI, this result has been ob-
served for CRP. This reinforces, in both cases, the need for early detection and intervention.

Given the above, a deeper and long-term investigation for the complementation of these results is needed for a
more effective and consistent contribution to public health. Health professionals should be prepared to prevent
and identify possible early risk groups in order to treat them with greater attention. The prevention and treatment
of obesity from childhood can aid in reducing the risk of developing chronic diseases in adulthood, thus im-
proving the quality of life of this population.
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