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1. Introduction
Childhood can be considered the period of structuring of life, where patterns such as diet
and lifestyle are built. Although atherosclerotic disease (AD) becomes symptomatic at a later
period of life, early identification and modification of risk factors may further reduce their
incidence (Kelishadi et al., 2002). Thus, several studies demonstrate the importance of
investigating the presence of risk factors for atherosclerotic disease at this stage as it may
result from profound implications for the risk of developing diseases in adulthood (Lenfant
& Savage, 1995; Purath et al., 1995; Gerber & Zielinsky, 1997; Akerblom et al., 1999).
This chapter presents the main studies that describe the importance of investigating the
childhood risk factors for diseases cardiovascular that may emerge in adult life. Thus, the
studies involving analysis of cardiovascular risk factors should always register the
prevalence and their correlations in childhood, as an essential to identify a population at
risk. Thus, beyond the direct benefits on children evaluated such studies could point out
other family members carrying from such risks.
Therefore the detection of the risk factors in asymptomatic children can contribute to a
decrease in cardiovascular disease, preventing those diseases such as hypertension, obesity
and dyslipidemia becomes the epidemic of this new century.

2. Cardiovascular risk factors
Atherosclerosis begins early in life. Thus, it is critical to detect cardiovascular disease risk
factors during childhood and adolescence in order to prevent future complications.
Monitoring these factors helps to identify previous signs that, once modified, can either
decrease or even reverse the progression of the dysfunction. Figure 1 shows that a range of
risk factors, such as genetic factors, hypertension, dyslipidemia, obesity, metabolic
syndrome, atherogenic diet and physical inactivity, are associated with cardiovascular
disease. The same figure shows an increase in the prevalence of cardiovascular disease
among children and adolescents (Hedley et al., 2004; Eckel et al., 2005; Rodrigues et al.,
2006a; Rodrigues et al., 2009).
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Lifestyle and eating habits are risk factors considered to be critical for protection from, the
appearance of and the progression of atherosclerotic disease (AD), which is considered the
main factor in the genesis of cardiovascular disease (Berlin, 1996, Esrey et al., 1996). For
these reasons, a healthy lifestyle and eating habits should be part of heart disease prevention
programs (Guedes & Guedes, 2001). Hypercholesterolemia, hypertriglyceridemia, being
overweight, hyperglycemia, hypertension and physical inactivity stand out among these
factors (Austin, 1999). Correlation with plasma cholesterol levels and both reductions and
delay in the progression of AD through diet and lifestyle changes have been documented
(Coelho et al., 1999). Some studies have also suggested that the degree of atherosclerosis in
childhood and young adulthood might be correlated with the same risk factors identified in
adults. Therefore, an increase in the incidence of cardiovascular disease is likely to occur
when today’s adolescents enter adulthood. Thus, it is important to either eliminate or
reduce risk factors in young people and other age groups (Williams et al., 2002)

Fig. 1. Factors associated with cardiovascular risk in children and adolescents.
2.1 Atherosclerosis
Although AD becomes symptomatic at a later period of life, identifying risk factors early
and changing them as soon as possible may further reduce the incidence of AD (Kelishadi et
al., 2002). Such diseases currently stand out as the most frequent causes of death. Coronary
atherosclerosis is the most evident pathology, and it can affect even young people (Puska,
1986). Studies have suggested that the atherosclerotic process, a disease as old as the human
species (Lotufo 1999), begins in childhood. Therefore, its prevention should begin early in
life because at this stage, the disease is considered reversible. High levels of lipoproteins
present in the blood are critical for the generation of atherosclerosis (Massin et al., 2002).
Michaelsen et al. (2002) revealed that children usually do not develop atherosclerosis;
however, they develop fatty streaks in the aorta that are reversible. These researchers
focused on the fact that a high-fat diet influences blood lipid levels from the first years of
life, as do other traditional vascular risk factors.
The variety of criteria for defining optimal lipid levels in adolescence makes it difficult to
compare the results in the global literature. However, studies have shown, for example, the
presence of atheromatosis in the aortic intima of patients with cholesterol levels between 140
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to 170 mg%. Therefore, the epidemiological goal for children should be, on average, 150
mg% for plasma cholesterol (Srinivasan, 1991). In a review of studies conducted in 26
countries (1975 to 1996) involving 60,494 children and adolescents aged 2 to 19 years,
Brotons (1998) reported an average of 165 mg / dL for cholesterol, 60 mg / dL for HDLcholesterol and 67 mg / dL for triglycerides.
Studies conducted in Brazil have shown higher levels of cholesterol in adolescents from
private schools than in adolescents from public schools (Gerber, 1997; Giuliano, 2005). This
trend was corroborated by other studies (Guimarães, 1998 e 2005; Rodrigues et al., 2006a)
wherein individuals with lower family income and adolescents from public schools
presented lower cholesterol levels than those from higher income families and private
schools. These data lead us to agree with the suggestions made by Guimarães (2005) that
families with higher socioeconomic status do not necessarily have a better diet or lifestyle.
Therefore, children from the lowest income families in developing countries may have less
access to the high calories that come from large amounts of saturated fatty acids and a diet
with high cholesterol. In addition, students from public schools tend to expend more energy
daily because they have to walk to school or walk to get to public transportation.
Regardless of the methodological limitations to calculating LDLc as part of the lipid profile,
its determination is widely considered to be the "gold standard" for both risk assessment
and for intervention programs for cardiovascular disease (Srinivasan, 2002b). Previous
studies by Schrott et al. (1982) and Moll et al. (1983) showed that children and adolescents
with elevated LDL-cholesterol often come from families with a high incidence of coronary
heart disease. This fact reinforces the importance of LDL-cholesterol determination in
adolescence and of autopsy studies performed in children and young people (Newman,
1986), which have indicated that the fatty streaks in the aorta are also directly related to this
part of the lipid profile. Thus, by determining the levels of LDLc, it is possible to detect
family risks early, and interventions can be implemented before the occurrence of coronary
events. It is known that total cholesterol and LDLc can penetrate, produce endothelial injury
and stimulate the proliferation of smooth muscle cells, whereas HDL-C is involved in the
removal of cholesterol (Reed, 1989). High-density lipoprotein (HDL-cholesterol) carries
approximately a quarter of serum cholesterol. Some studies have shown that high levels of
HDL-cholesterol are correlated with a lower risk of developing atherosclerosis (Salomen,
1991; Gordon, 1986).
Triglycerides are strongly associated with the risk of developing atherosclerotic disease
because they can deposit on the vessel wall and then start the process of low-density
lipoprotein accumulation. High levels of triglycerides are a key component of so-called
metabolic syndrome (MS). (Johnson, et al. 1999; Santos et al. 2008; Cobayashi et al. 2010).
It is important to emphasize that when dyslipidemia begins in childhood, it tends to remain
during growth, and that studies describe a direct relationship between total cholesterol
levels in children and cardiovascular disease in adults (Forti, 1996). Studies conducted in
Brazil (Rodrigues, 2006; Giuliano & Caramelli, 2005) have shown that cholesterol levels in
childhood may explain 87% of deaths from cardiovascular disease in adulthood in this
country.
The association of inflammatory processes with the development of atherosclerosis provides
important links between underlying mechanisms of atherogenesis and risk factors. Several
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studies have examined different circulating markers of inflammations, such as cytokines
and adhesion molecules, as potential predictors of the present and the future risk of
cardiovascular diseases. Moreover,functional and structural changes are documented in
arteries of children with a familial predisposition to atherosclerotic diseases; these changes
are associated with clusters of inflammatory factors and markers of oxidation. In addition to
the development of atheromatous plaques, inflammation also plays an essential role in the
destabilization of artery plaques, and in turn in the occurrence of acute thrombo-embolic
disorders . As lifestyle modification trials have been successful in decreasing endothelial
dysfunction and the level of markers of inflammation among children and adolescents it is
suggested that in addition to expanding pharmacological therapies considered for
secondary prevention of atherosclerotic diseases aiming to control the inflammatory process
and prevention of atherosclerosis (Kelishadi, 2010).
2.2 Obesity
Obesity, which is defined as excessive body fat accumulation, is a heterogeneous disorder
with a final common pathway in which energy intake chronically exceeds energy
expenditure, and genetic and environmental factors overlap in this disorder (Sorensen,
1995). The energy imbalance frequently begins in childhood, and if it occurs in children that
are in the higher percentiles for body fat, it may increase their probability of obesity in adult
life. Obesity among youth has increased in recent years (Kelishadi, 2007).
Obesity represents the most common chronic disorder, and it has especially increased
prevalence among poor children and minorities (Troiano & Flegal, 1998). Excessive
adiposity in childhood represents a greater risk to the health of an adult than adulthood
obesity. The risk of disease in adulthood is greater for overweight children and adolescents
than those of normal weight (Gunnell et al., 1998; VanHorn & Greenland, 1997). Obesity
results from a complex interaction of metabolic, physiological, environmental, genetic, social
and behavioral factors. The Bogalusa Heart Study, conducted in children and adolescents in
Louisiana (USA), showed that obesity, lipoprotein levels (especially LDL) and insulinemia
are all significantly correlated with the risk of cardiovascular disease (Srinivasan et al., 1976,
Newman et al., 1983, Kikuchi et al., 1992).
Although studies have shown a clear association between severe obesity and increased
mortality, there is controversy about the actual damages caused by being overweight.
However, its importance as a risk factor for cardiovascular disease is becoming more
evident every day (Zanella, 1999). Obesity has received special attention together with two
other well-known risk factors: diabetes and hypertension. Therefore, it is important to
control obesity during childhood, because obesity acquired in this period of life tends to
persist into adulthood (Gerber & Zielinsky, 1997). Studies have reported a significant
increase of overweight children and adolescents in the last decades, which has been
associated with an increased risk of hypertension, lipid disorders, type II diabetes, early
atherosclerotic lesions and risk of adult obesity and mortality in young adults (Williams et
al., 2002; Coronelli & Moura, 2003, Daniels et al., 2005). Preventing childhood obesity is the
best opportunity to make changes in lifestyle and to reduce cardiovascular morbidity and
mortality (Buiten & Metzger, 2000). Diagnosing someone as overweight or obese is difficult
because there are questions that remain about the best criteria to be used in order to
determine these conditions in this age group. One of the areas of disagreement refers to the
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cutoff for identifying overweight and obese individuals. However, the body mass index
(BMI), which is based on international standards, has been useful, inexpensive and
reproducible (Giugliano, 2004). Recently, the term obesity has been defined as body mass
index ≥ 95th percentile in children and adolescents (Daniels, 2005), as shown Table 1.
Statistics on childhood and adolescent obesity worldwide are still limited. A lack of
consistency in definitions and age groups studied complicates comparing between
prevalences. It is well established that obesity in children and adolescents has increased
significantly, including in developing countries (Mello, 2004). Whereas in the United States,
obesity affects mainly the social classes with lower purchasing power (Dietz, 1986), in Brazil
(for example), the most affected children belong to the wealthiest social classes. Data
estimate that childhood obesity affects 16% of children in Brazil (Giugliano, 2004), and that
the prevalence of overweight and obesity is higher in families with higher incomes,
(Abrantes, 2002; Moura, 2004). The National Health and Nutrition Examination Survey
estimated a prevalence of 30% for overweight and/or obesity (≥ 85th percentile) and 15% for
obesity (≥ 95th percentile) between the ages of 6 and 19 years (O'Brien, 2004).
2.3 Metabolic syndrome
Metabolic syndrome (MS) is currently characterized by the combination of a number of risk
factors for cardiovascular diseases, including dyslipidemia (hypertriglyceridemia, low
HDLc and increased LDLc), high blood pressure, disorders of carbohydrate metabolism and
obesity (Reaven, 1988, (Kelishadi, 2007). It has also been demonstrated in children that a
direct association between obesity and insulin resistance syndrome is a major precursor of
atherosclerotic cardiovascular disease and type II diabetes (Williams et al., 2002).
Although a worldwide consensus on the definition and diagnosis of MS in adults and
children does not exist, it is known that MS is associated with a 1.5-fold increase in general
mortality and a 2.5-fold increase in cardiovascular mortality (Lakka et al., 2002). Given its
importance, many organizations have proposed criteria for the definition and treatment of
MS; among them are the World Health Organization (WHO) (Alberti et al., 1998), the
National Cholesterol Education Programme Adult Treatment Panel III - NCEP ATP III
(NCEP, 2001), European Group for the Study of Insulin Resistance-EGIR (Balkau et al., 1999)
and the International Diabetes Federation.
To determine the prevalence of MS in children and adolescents, criteria applied to adults
have been modified and used either as pediatric reference values (Cook et al., 2003) or as
specific cutoff points (Csabi et al., 2000, Srinivasan et al., 2002). Some studies have suggested
that the cutoff points corresponding to the 95th percentile of each variable by gender and
age be combined with the height percentile when dealing with blood pressure (NHBPEP,
2004; CDCDM, 1999). However, the lack of consensus results in a markedly different
prevalence of this syndrome as reported in many studies (Isomaa et al., 2001, Kelishadi,
2007). Table 1 shows values for lipids, blood pressure and body mass index that characterize
children and adolescents that are not considered cardiovascular risk factors.
Prospective studies have shown that obesity appears many years before the onset of insulin
resistance (Taskinen, 2003), and insulin resistance is mainly responsible for the
hemodynamic and metabolic disturbances of this syndrome (Morton et al., 2001). It is
believed that MS is due to a combination of genetic and environmental factors wherein
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obesity plays a primary role, leading to excessive insulin production, which is associated
with increased blood pressure and dyslipidemia (Daniels et al, 2005). It is estimated that one
million North American adolescents already meet the criteria for MS (Daniels et al., 2005),
with a prevalence of 4% between 12 and 19 years. In addition, MS is present in 30 to 50% of
overweight children (Cook et al., 2003 and Weiss et al., 2004).
Acceptable
Lipids (mg/dL)
Total Cholesterol
LDL-c
HDL-c
Triglycerides

<150
<100
≥45
<100

Systolic blood pressure
(mmHg)

<90th Percentile
≤130

Fasting glucose (mg/dL)

≤100

Waist circumference or
Body mass index (Kg/m2)

<90th percentile
<95th percentile

Table 1. Reference values proposed for children and adolescents.
2.4 Hypertension
Arterial hypertension (AH) has been identified as one of the most potent antecedents of
coronary heart disease. It is usually asymptomatic. Prevention is the most efficient way to
combat HA, thus avoiding the high social cost of its treatment and complications. Therefore,
it is necessary to identify individuals with high blood pressure and control it. The
worldwide prevalence of AH is extremely variable (2-13%), and it is dependent on the
methodology employed. In Brazil, for example, it is estimated that the prevalence of
hypertension in children and adolescents is 4% (Ministry of Health, 2006), and it is
considered imperative to measure blood pressure starting at age 3. It is known that blood
pressure (BP) usually increases with age, and that elevated values in young people are a
predictor of AH in adulthood (Williams et al., 2002; Falkner et al., 2008). It is worth noting
that increasing BP with age is not normal physiological behavior.
BP should be understood as a result of environmental influences on the expression of
several genes that, in turn, also have their own regulatory genes (Bartosh & Aronson, 1999;
Berenson et al., 1998). Several factors known to be related to BP in adults are also associated
with the behavior of BP in children and adolescents, with an emphasis on sex, age, family
history of AH and the presence of either excess weight or obesity. Although AH contributes
to the development of cardiovascular complications per se, its association with multiple risk
factors increases the risk of major cardiovascular events even more (Kavey et al., 2003,
Chobanian et al., 2003; Lieberman, 2002).
It has been accepted that a diagnosis of AH is confirmed when the values of systolic blood
pressure (SBP) and/or diastolic blood pressure (DBP) are greater or equal to the 95th
percentile for sex, age and height percentile plus 5 mmHg on three separate occasions. A
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range called pre-hypertension should be identified and assessed for the purpose of adopting
strict preventive measures. BP values ≥ 90th percentile and <95th percentile characterize
pre-hypertension. According to a recommendation proposed by the JNC 7, values that are
included in this range and exceeding the limits of 120/80 mmHg should also be considered
pre-hypertension for adults (Chobanian et al., 2003).
It is estimated that 30% of overweight/obese children and adolescents have AH (Sorof &
Daniels 2002). Thus, the presence of overweight/obesity appears to be one of the most
important factors related to AH in children and adolescents worldwide (Chobanian et al.,
2003, Campana et al., 2009; European Society of Hypertension 2003). Several studies have
shown that the presence of overweight/obesity is associated positively with the occurrence
of pre-hypertension in children and adolescents, and when combined they increase the risk
of developing AH in adulthood (JAMA, 1992, Monteiro et al., 2003, Rosa et al., 2006,
Srinivasan et al., 2006). There are also factors associated predominantly with arterial
hypertension in adolescence such as smoking, contraception and drugs: cocaine,
amphetamines, alcohol, anabolic steroids, phenylpropanolamine and pseudoephedrine
(nasal decongestants).
Thus, changes in lifestyle such as weight control, reducing sodium intake and physical
exercise are crucial to preventing hypertension. Although the threshold for blood pressure is
not yet well defined, its effects on target organs probably occur in children as well as in
adults. Dietary intervention, weight monitoring and regular physical activity should be
encouraged at this stage as a primary prevention method (Massin et al., 2002). Studying the
stiffness of large arteries, a condition attributed to the aging of blood vessels, Rodrigues et
al. (2011) demonstrated that chronic hypotension is the only factor studied able to explain
why blood vessel aging did not occur in the study group. In addition to the disturbing
reality of the existence of old risk factors in a young population, the presence of these factors
not only in isolation, but also in association, has been acknowledged.
2.5 Sedentary lifestyle
It has been shown that the mortality rate for cardiovascular disease is lower in individuals
who exercise regularly and that the quality of life achieved through a physical fitness
program is unquestionably superior. However, this improvement in quality of life depends
on a proper exercise prescription wherein the intensity, duration and modality are key
elements in achieving a satisfactory outcome. Prescribing physical activities that are
performed between the ventilatory threshold and the respiratory compensation point for
adults is recommended to obtain beneficial effects on cardiopulmonary capacity (Rondon et
al., 1998).
In children, the beneficial effects associated with physical activity include weight control;
reductions in cholesterol, insulin resistance and low blood pressure; psychological wellbeing; and an increased predisposition to perform physical activities as a young adult
(Williams, et al., 2002).
A major challenge for public health authorities has been to increase the cardiorespiratory
capacity of the population. Therefore, childhood and adolescence seem to be the optimal
periods for promoting good exercise habits and preventing sedentary behavior in
adulthood, which turns preventing cardiovascular disease into a pediatric challenge (Massin
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et al., 2002). In recent decades, children have become less physically active, with a decrease
of 600 kcal/day of energy expenditure when compared to children 50 years ago (Boreham &
Riddoch, 2001). Physical inactivity is recognized as an important determinant of chronic
diseases, and an increase in its prevalence during childhood has been reported (Twisk,
2001).
Alerts have been issued about the need for physical education programs in schools and for
community recreation centers. However, few empirical studies have been conducted to
assess the impacts of such facilities and programs on the levels of physical activity and
inactivity in adolescents (Gordon-Larsen et al., 2000).
Freedman et al. (1997) report that a sedentary lifestyle is a growing problem; there is a
tendency among adolescents to be less engaged in physical activities offered by schools and
other vigorous activities, and they spend more time watching television. These behavioral
changes may impact future health problems. On the other hand, better physical fitness has
been related to a lower risk of cardiovascular compromise in children and adolescents (AlHazaa, 2002) and lower levels of blood pressure in both boys and girls (Fraser et al., 1983,
Hofman et al., 1987, Gutin et al., 1990, Hansen et al., 1989, Shears et al., 1986)
It is known that identifying maximal oxygen uptake values (VO2max) supports studies
performed attempting to correlate physical aptitude with cardiovascular risk. It is also
important to note that VO2max is used to guide exercise prescription and to analyze the
effects of training programs (Obert et al., 2003, Armstrong et al., 1994). The aerobic capacity
measured by VO2max depends on cardiovascular, respiratory and hematological components
and on oxidative mechanisms of muscles during physical activity. It is measured by
cardiopulmonary exercise testing, which allows the functions of the cardiovascular and
respiratory systems (for instance, gas exchange) to be evaluated simultaneously, (Armstrong
et al., 1994). Gas exchange measurements are important to help reveal mechanisms that
restrict exercise, because physical activity requires an integrated cardiopulmonary response
to compensate for the increase in the metabolic needs of muscle. The fact that
cardiorespiratory capacity has been determined by different methods (directly versus
indirectly) may explain the variable predictive power of this important physiological
variable, and it may also explain the fact that several studies have found that
cardiorespiratory capacity is not an independent predictor of blood lipids in children
(Tolfrey, 1999).
Adolescence is a period of transition to adulthood in which there are many structural,
hormonal, physiological and biochemical changes. Many of these changes interfere with
maximum oxygen consumption (Tourinho Filho et al., 1998). Thus, it is necessary to
establish VO2max values for each age group. The international literature presents reference
values for healthy children and adolescents (Armstrong et al., 1994, Turley et al., 1997;
Stanganelli et al., 1991; Rodrigues et al., 2006b).
Described as a behavior, physical activity includes any type of muscle activity in which
there is a significant increase in energy expenditure. Physical aptitude is described as a
quality, and it usually refers to the ability to perform physical work. It is considered to be an
adaptive state and it is (to some extent) genetically determined (Thomas, 2003). It has been
suggested that physical aptitude testing should be performed instead of physical activity
due to its greater objectivity and reduced possibility of errors. Furthermore, aerobic fitness
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has been shown to correlate better with cardiovascular disease, which is not true for
physical activity. Thus, efforts should be intensified to identify the starting point for daily
physical activity to elevate the physical aptitude of young people (Bouchard, 1992;
McMurray, 1998; Thomas, 2003). However, the assessment of this variable is not yet a global
reality, and empirical evaluations have been performed. The use of cardiopulmonary
exercise testing enables cardiorespiratory and metabolic capacity to be precisely determined
by direct measurement of maximum oxygen consumption (VO2max), which is the most
important physiological measure for the definition of aerobic capacity. It also accurately
determines physical aptitude level and thus the correct exercise intensity such that a fitness
program will only have healthy consequences (Rondon et al., 1998; Rodrigues, 2006).

3. Conclusion
Although the manifestations of coronary heart disease occur in adulthood, detecting risk
factors during childhood/adolescence is crucial for establishing a prognosis and preventing
target organ damage in adults. Thus, initiating disease detection and prevention at this stage
of life and introducing changes in lifestyle can reduce the incidence and severity of
cardiovascular diseases.
Risk factors are more meaningful when they are integrated. Hence, studies of cardiovascular
risk factors in a region, city or country should always report their prevalence and
correlations in childhood as a fundamental step toward identifying the population at risk.
The facts reported here highlight a serious public health problem that must be addressed.
There is an urgent need to discuss health promotion issues and the prevention of future
diseases that result from the risk factors mentioned herein.
Finally, this chapter demonstrates that risk factors for coronary heart disease begin in
childhood, and therefore prevention should start early in life. This increases the need for
pediatric care in this age group in order to make early diagnoses and offer preventive
advice. Dyslipidemia, for example, is the most well known risk factor, and it can be altered
by a moderate restriction of fat without compromising the growth or development of
children older than 2. Thus, in the future, a major decrease in cardiovascular diseases could
be obtained by assessing asymptomatic children and adolescents.
Thus, social awareness is necessary at all levels, as are studies with planned actions and
programs for the control of dyslipidemia, obesity, arterial hypertension and physical
inactivity in this age group in order to prevent these risk factors from becoming the
epidemic of this new century.
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