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The present review will examine the relationships among behavioural and biological cardiovascular risk factors during
adolescence and cardiovascular disease later in adult life.
A consistent finding is the co-occurrence of behavioural cardiovascular risk factors such as smoking, alcohol
consumption, unhealthy diets and physical inactivity. Although there are no consensual criteria to define adolescence
overweight, it is the most prevalent cardiovascular risk factor representing an increasingly important health problem,
and the increase in the prevalence overweight, among younger age groups, is likely to have effect on others biological
cardiovascular risk factors during adolescence and long-term implications for cardiovascular disease. A cluster of risk
factors that includes overweight, hypertension, dyslipidemia and insulin resistance was described in children and
adolescents, leading to the hypothesis that the clustering process begins early in life and persists in adulthood
Key-words: cardiovascular disease; adolescent; risk factors; child.

INTRODUCTION

One in every five people worldwide is someone be-
tween 10 and 19 years of age, an adolescent, as defined
by the World Health Organization (1). According to the
2001 cense of the Portuguese population, this age group
represents 15% of the total population (2).

Adolescence represents the transition from childhood
to adulthood, a time of rapid physical, emotional and
psychological changes, accompanied by biological de-
velopments characterized by evolving growth and matu-
ration. During adolescence there is a rapid acquisition of
new capacities and many situations are faced by the first
time. Early adolescence consists on the rapid biological
changes and the adjustment to them. Separation from the
parents begins. Normally, turmoil is greatest during this
phase. In adolescence proper sexual development con-
tinues, the cognitive skills of a young person become
enhanced and the capacity to integrate one’s experi-
ences and emotions improves. Late adolescence is char-
acterized by increased interest in future goals and many
choices concerning adult life are made. Separation from
parents proceeds, and the teenager begins to consider
what he or she wants in life and what their own ideals will
be (3,4).

Adolescents are generally thought to be healthy. By
the second decade of life they have survived the diseases
of early childhood, have a low incidence of infections such
as pneumonia and gastroenteritis compared with younger
children and the overwhelming health problems associ-
ated with ageing are still many years away. It is probably
one of the reasons why they have generally been given
little health attention considering chronic diseases. The
World Health Organization estimated that one million

individuals aged 10 to 19 years old lose their life annually,
mostly as a consequence of accidents, suicide and other
forms of violence (5). In Portugal, in 2001, the death rate
in the 15 to 24 years old group was 74.1 per 100,000
males and 14.2 per 100,000 females, the mortality rate
due to traffic accidents being 45.3 and 9.7 per 100,000,
respectively (6).

Although a generally healthy period, adolescence is
the opportunity to prepare for a healthy adult life, and to
prevent the onset of behaviours that will affect health and
well being later in life (1). The World Health Report 2002
(7) indicated that by 2020 it is expected that the major
noncommunicable diseases accounted for almost 73% of
all deaths and 60% of the global burden of disease.
Preventable biological risk factors as high blood pres-
sure, high blood cholesterol and overweight, and related
major behavioural risk, as unhealthy diet and physical
inactivity, underlie four of the most prominent
noncomunicable diseases - cardiovascular diseases,
cancer, chronic obstructive pulmonary disease and type
2 diabetes.

Adolescence gives not only opportunities for progress
but also a period when important threats are presented.
Many behavioural patterns are developed during adoles-
cence will last for life and habits learned in childhood and
adolescence will be carried over into adulthood when they
will be more difficult to change (1,3).

BEHAVIOURAL RISK FACTORS

Chronic diseases result from a complex interaction
between genetic and environmental factors. The environ-
mental factors, by its modifiable nature, represent the
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major target to preventive measures. Since many lifestyle
changes are difficult to achieve in adulthood and even
harder to maintain over a long-term period, it seems
reasonable to attempt to change these risk factors early
in life.

Behaviours such as smoking, alcohol consumption,
unhealthy diets and physical inactivity are the leading
causes of the major non-communicable diseases, includ-
ing cardiovascular diseases, in adults (7-9). For most of
these risks a substantial proportion of attributable dis-
ease burden occurred among those with modest eleva-
tions of risks (9).

Atherosclerosis constitutes an important contributor
to cardiovascular diseases. This process is initiated early
in life, however the clinical outcome of the atherosclerosis
being usually detected only in adult life (10,11). Thus, the
full effect of exposure to behavioural risk factors during
childhood and adolescence will only be seen in the future.
This means that the time lag effect of the exposure to risk
factors on cardiovascular diseases is large, which may
explain what adolescents have generally been given little
importance. On the other hand, many of the behavioural
patterns acquired during adolescence (such as the use of
tobacco, alcohol and other drugs, eating habits, and
physical activity or inactivity) may last a lifetime (1).

Health and education are strongly linked. To maintain
good health and avoid preventable disease throughout
their lives, children and adolescents must acquire knowl-
edge about health risks and acquire the skills that are
needed to avoid or reduce those risks. It is a learning
process that begins in childhood and is constantly up-
dated in adulthood. Adolescents are receptive to new
ideas; they are keen to make the most of their growing
capacity for making decisions. Their curiosity and interest
are a tremendous opening to foster personal responsibil-
ity for health. Furthermore, engaging in positive and
constructive activities provide occasions to acquire
behaviours that are crucial to adult health (1). Despite
knowledge is associated with lower risk behaviours it is
not a sufficient guarantee for prudent choices (12,13).

Smoking and Drinking

Cigarette smoking results in enormous morbidity and
mortality burden. The World Health Report showed that
the estimated number of attributable deaths in the year
2000 was 4.9 million (7). Among industrialized countries,
smoking is estimated to cause over 90% of lung cancer
among men and about 70% of lung cancer among women.
Also, it is estimated that 56-80% of chronic respiratory
diseases and 22% of cardiovascular diseases are attrib-
utable to smoking (7). In the World Health Organization
European sub-region with very low child and adult mortal-
ity, of which Portugal is part, smoking is the major contrib-
ute to the lost healthy life (DALYs) in males (8).

According to the World Health Organization, about
150 million adolescents use tobacco and it is estimated
that 75 million of them will die of tobacco-related diseases
later in life (14). Because most smokers acquire their

habit in their teens (15), to quantify smoking, to describe
age of initiation and its determinants is essential to
prevention. Smoking at young ages also represents a real
risk of death in later life [16], but also in the short term as
previously reported when the association between early
atherosclerotic lesions with cigarette smoking in youths
was found (17,18).

In Portugal, data from the National Health Surveys
conducted in 1995-6 (17.989 men; 20.249 women) and
1998-9 (17.923 men; 20.302 women), showed a notice-
able higher prevalence of smoking in males but decreas-
ing from 33.3% in 1987 to 29.3% in 1999. However, in
women, it increased from 5.0% to 7.9% during the same
period (19). Also, regional differences in smoking preva-
lence were observed across the country (19). Data ob-
tained as part of an ongoing cross-sectional health and
nutrition survey of urban adults living in Porto during
1999-2000 showed that the overall prevalence of smok-
ers was 24.3% (95% confidence interval 22.2-26.4). Men
had a significantly higher prevalence of smoking (35.0%;
95% confidence interval 31.3-38.8 vs. 17.6%; 95% con-
fidence interval 15.4-20.1) and, on average, smoked a
larger number of cigarettes per day (21.2; 95% Confi-
dence Interval (CI): 12.4-15.0 vs. 14.1; 95% CI: 19.6-
22.6) (20).

Smoking behaviour in Portuguese adolescents was
studied on different samples. A cross-sectional study was
carried out on smoking habits comprising 1052 girls and
984 boys aged 13 years attending public and private
schools in the city of Porto and 19.9% students only had
ever experimented smoking but were not smokers; 1.8%
were occasional smokers and 1.3% smoked at least one
cigarette/day (21). Using a sample of students of 25
schools from five municipalities near Lisbon (n=3064),
71.3% were never smokers, 21.9% smoked less than
monthly, 2.1% monthly and 4.7% weekly or more fre-
quently (22).

Smoking is also associated with characteristics that
may contribute to a higher cardiovascular risk. A national
survey that analysed the mean income and expenses of
Portuguese families in the year 2000 found an inverse
relation between education and the proportion of income
of each family that is spent with tobacco (23). Also the
results from a sample of urban adults living in Porto [20],
found education and gender as the major determinants of
smoking. Adolescents smokers had lower school achieve-
ment, had more money available to spend and were more
likely to perform various risky behaviours (21,22,24). It is
also associated with less physical exercise (24-26).

Worldwide alcohol consumption is responsible for
3.2% of deaths (1.8 million). Within sub-regions the
proportion of disease burden attributable to alcohol is
greatest in America and Europe where it ranges from 8%
to 18% of total for males and 2% to 4% for females (7).
Alcohol consumption was estimated to cause, worldwide,
20-30% of oesophageal cancer, liver disease, epilepsy,
motor vehicle accidents, and homicide or other inten-
tional injuries (7). Alcohol intake during adolescence has
also consequences in both short and long term in life (27).
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A common pattern of alcohol consumption among ado-
lescents is heavily episodic drinking, defined as consum-
ing five or more drinks on a single occasion. The earlier an
adolescent starts drinking increased risk of being long-
term consumers and greater is the chance of developing
a clinical alcohol disorder as an adult (27,28).

Prevalence of reported alcohol consumption decreased
slightly between the National Health Surveys, from 65.7%
in 1995/1996 to 64.0% in 1998/1999 in male, and from
26.9% to 26.0% in females (29). However the decreased
in prevalence of alcohol consumption, the amount of
beer, whiskey, and Port wine consumed increased among
male drinkers, and younger generations, males and fe-
males, are shifting from wine to beer and spirits (29).

A consistent finding is the co-occurrence of tobacco
and alcohol use. Drinkers are more likely to smoke than
non-drinkers, and smokers are more likely to drink than
non-smokers (21,22,30). However most of the studies on
the alcohol and tobacco relationship have been of a
cross-sectional or retrospective nature and results that
have been found in longitudinal studies have been incon-
clusive. Some prospective studies have suggested that
alcohol use predicts cigarette use more strongly than the
converse (31,32), while other longitudinal studies identi-
fied that cigarette use was particularly important for
subsequent involvement in alcohol use (33-35). Results
from a large international sample of European adoles-
cents (n = 10170, mean age = 13.3 years), including
Portuguese adolescents, revealed that in Europe as a
whole, tobacco use predicted subsequent alcohol use
better than the converse (30).

Diet

Accumulated scientific research on the relation be-
tween diet and chronic diseases and the possible child-
hood origin of those diseases (36-38) has focused atten-
tion on the need to know children’s diet. During adoles-
cence, nutritional problems originated earlier in life can
potentially be corrected in addition to addressing current
ones. It is also a timely period to shape and consolidate
healthy eating and lifestyle behaviours, thereby prevent-
ing or postponing the onset of nutrition-related chronic
diseases in adulthood (1).

The rapid rise in obesity in recent decades indicates
the relative importance of environmental influences for
this epidemic. Part of the problem with childhood over-
weight and obesity is that children are not exhibiting
healthy dietary habits. Diets high in saturated fat, choles-
terol, sugar, and salt and low in whole grains, low-fat
dairy, fruits and vegetables, have a strong association
with being overweight (39-41).

Food consumption data suggest that infants are cur-
rently exposed to a wide variety of foods that tend to be
high in fat and sugar, including excess French fries,
nutrient-poor snacks and juice-based sweetened bever-
ages (42).

The available science strongly supports the recom-
mendations to reduce population soft drink consumption.

A recently meta-analysis of 88 studies found clear asso-
ciations of soft drink intake with increased energy intake
and body weight, and also was associated with lower
intakes of milk, calcium, and other nutrients and with an
increased risk of diseases (43).

High of fruits and vegetables intake are associated
with reduced risk for chronic disease, but  adolescents
intake are often inadequate (42,44 45) and longitudinal
trends indicated that adolescents decreased their daily
fruit and vegetables intake during the transition from early
to middle adolescence and from middle to late adoles-
cence (46).

The link between childhood dietary behaviours and
the risk of diseases in adulthood suggests that the devel-
opment of healthy behaviours particularly those related to
diet will decrease the incidence of chronic diseases over
the course of life. Results from a childhood to adult cohort
study indicated that an increase in fruits and vegetables
intake was associated with decreased risk of cancer over
a 60-year period (47).

Only a limited number of longitudinal studies have
investigated the extent of tracking of nutrient intakes from
adolescence into young adulthood and the results have
been inconsistent. In the Amsterdam Growth and Health
Longitudinal Study, significant stability coefficients be-
tween 13 and 33 years of age were found for all nutrients,
but over the study period dietary intake between adoles-
cence and adulthood was changeable (48). Data from a
Norwegian longitudinal cohort found some stability of
eating behaviour between 14 and 21 years old, despite
the overall changes in mean weekly frequency of con-
sumption (49). A poor to moderate correlation for most
nutrient intakes was reported on subjects aged 18-30
years over a 7-year period but, and dietary nutrient-intake
patterns may be changing differentially over time among
individuals. These results indicated that, despite consid-
erable changes in lifestyle, individuals tend to remain
within broad categories of intake (50). A study that evalu-
ated the tracking of energy and nutrient intakes between
15 and 20 years of age found only a poor to fair tracking
of energy and nutrients in both sexes indicating substan-
tial drift of individuals between classes of intake over time
(51).

Despite the inconsistent results based on the evi-
dence that dietary patterns developed during childhood
persist into adulthood (52) and on results indicating that
adolescents usually ate what they liked to eat, and the
decision about what to eat was made because of the taste
of the food without regard for any health consequence or
negative health outcomes (53), dietary interventions aimed
the prevention of chronic diseases, such as obesity and
cardiovascular diseases, should be targeted at children
and help them to form healthy dietary habits (42).

Knowledge is associated with lower risk behaviours
but it is not a sufficient guarantee for prudent choices
(12,13). Adolescents understand that there may be nega-
tive consequences resulting from the daily choices that
they make. It is clear that culture and family customs have
a great influence on the direction students take in their
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dietary practices, as well as their involvement in physical
activity. The convenience and easy accessibility of low
nutritious foods is also seen as a contributing factor, as
well the negative influences that are presented through
advertising of non-nutritious foods (53).

Physical Activity

There is no internationally agreed definition or mea-
sure of physical activity or inactivity. Therefore, a number
of direct and indirect data sources and a range of survey
instruments and methodologies were used to estimate
activity levels (7) which may difficult the results compara-
bility.

Results suggest that modern inactive lifestyles are at
least - if not more - as important as diet in the aetiology of
obesity. The global estimate for prevalence of physical
inactivity among adults is 17%, ranging from 11% to 24%
across the 14 Word Health Organization sub-regions.
Estimates for prevalence of some but insufficient activity
(<2.5 hours per week of moderate activity) ranged from
31% to 51%, with a global average of 41% across the
same Word Health Organization sub-regions. Overall,
physical inactivity was estimated to cause 1.9 million
deaths (7,9). Data from a population based case-control
study to myocardial infarction allow estimate to a Portu-
guese population that a population attributable fraction of
37.8% for females and 37.7% for males to physical
inactivity (54).

Physically active during adolescence is a health deter-
minant in adulthood (55,56), also present a role of healthy
effects in adolescence. The health benefits associated
with an active lifestyle in children and adolescents include
weight control, and lower blood pressure. Also, evidence
was provided that adolescents engaging in physical ac-
tivities are positively associated with self-esteem (57,58)
and associated with reduced participation in a series of
health risk behaviours as cigarette and marijuana intake
(59,60), sexual intercourse (61,62). In contrast, Aaron et
al show a higher risk for initiating alcohol consumption
between the most active males or males who participated
in competitive athletics than their less active counterparts
(63).

Additionally, physically active lifestyle during infancy
and adolescence, it predisposes to increased physical
activity in adulthood and the maintenance of a physically
active lifestyle to help prevent the development of cardio-
vascular risk factors (15,64). Children establish a seden-
tary lifestyle at a young age (65) and participation in
organized athletics diminishes greatly after middle school.
This is true for both genders, however it had a major effect
on girls (64). In addition to this, socioeconomic factors
place certain subpopulations at greater risk to be more
prone to the problem (15,64).

Changes in living patterns have led to less physical
activity and less physical labour. Physical activity in
children and adolescents has diminished for a variety of
reasons. Changing family makeup, with increasing num-
bers of households with two working parents or a single

parent, limits the ability of parents to encourage participa-
tion and to provide access to regular after-school physical
activities (15). Children tend to walk or cycle less and
increasingly rely on cars for transportation. A trend away
from active leisure pursuits and recreational sports has
been evident as well as a reliance on sedentary entertain-
ment, including television and computers, has increased
(15). The increasing time spent with the television and the
computer are reasons why people spend many more
hours of the day seated and relatively inactive than a
generation ago (7). The American Academy of Pediatrics
recommends that television watching for children should
be limited to 1-2 hours per day (66). In a national, school-
based sample of Portuguese adolescents aged 11-16
years, 71.7% of the adolescents were watching television
up to 3 h a day, and 28.3% were watching 4 h or more (67).

Interventions to increase physical activity in high school
students should target adolescents of all shapes and
sizes, and may best be achieved by school policies
requiring physical education or after-school sports. Activi-
ties that result in significant energy expenditures in chil-
dren may include recreational and organized or competi-
tive sporting activities. Knowledge about the prevalence
of risk factors and understanding their determinants are
essential to planning useful prevention actions.

BIOLOGICAL RISK FACTORS

According the World Health Report 2002 of the World
Health Organization, more than three-quarters of cardio-
vascular diseases result from tobacco consumption, high
blood pressure, cholesterol or a combination of them (7).

Observations from autopsy studies, such as the
Bogalusa Heart Study and the Multicentre Pathobiological
Determinants of Atherosclerosis in Youth Study, docu-
mented a strong correlation between coronary athero-
sclerosis and cardiovascular risk factors in young people
(10,18). Also, childhood measures of body mass index
and low density lipoprotein cholesterol (LDL-cholesterol)
level predict carotid artery intima-media thickness, a
measure of atherosclerosis, in adults (68).

The presence of multiple risk factors increases mark-
edly the extent of atherosclerotic lesions in the coronary
vessels, supporting the concept of a synergistic effect
between behavioural and biological factors (69,70). The
association between early atherosclerotic lesions and
high cholesterol levels, glycohemoglobin, obesity and
hypertension have been reported in youths (17,18,69,71).
Additionally, previous studies showed that the extent of
atherosclerostic change in children and young adults
correlated with the identification of the same risk factors
in adults, as cigarette smoking, physical activity/inactivity,
obesity, hypertension, and insulin resistance (15,68).

The relation of the risk factors to the increasing extent
of raised lesions in arteries in young adults, and results
that found a tracking of these risk factors across life,
indicates that precursors of atherosclerosis and essential
hypertension begin early in life. Those observations sug-
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gest that risk factor modification should be initiated early
in life.

Overweight and Obesity

Overweight and obesity are important determinants of
health. The World Health Organization (WHO) estimates
that there are more than 300 million obese and 1.4 billion
overweight people worldwide. Without action, these num-
bers are projected to rise to nearly 500 million obese
people and nearly 2 billion overweight by 2010 (7).
According the World Health Report 2002 obesity is killing
about 220.000 men and women a year in the United
States of America and Canada alone, and about 320 000
men and women in 20 countries of Western Europe (7).
In Europe, obesity rates in adults have increased in most
countries and overall rates above 25 kg/m2 indicate a
continuing population shift away from the considered
normal healthy range of body mass index. Even in those
countries regarded as being favoured with lower rates of
obesity, there is clear evidence of increasing trends (72).
Which may increase the previously estimate, for Euro-
pean Union, of at least one in 13 annual deaths as
attributable to excess weight (73).

Data from the National Health Surveys, showed an
increase of the crude prevalence of obesity and over-
weight in males. The prevalence of overweight increased
from 39.9% to 42.5% and the prevalence of obesity
increased from 10.3% to 11.5%. In females, the crude
prevalence of obesity increased from 12.7% in 1995-6 to
14.2% in 1998-9, whereas the prevalence of overweight
remained stable, 32.2% in 1995-6 and 32.3% in 1998-9
(74). The increase is also observed in young Portuguese
males in the period ranging from 1994 to 1999, as
reflected in the data from the conscription military service
obtained from medical records (in this period, the medical
examination was compulsory at the age of 20 for all the
males and only in special circumstances could be de-
layed or postponed), the prevalence of obesity increased
from 1.4% to 2.3% and overweight from 15.0% to 22.0%
(75). In a sample of adults from Porto, the overall preva-
lence of obesity was 21.3%, and overweight was 41.8%.
Overweight prevalence was higher in males (49.9%) than
females (36.5%), but obesity was more prevalent in
women (26.1 vs. 13.9%) (76).

Also, obesity is globally increasing in young people
(72,78,79), once thought as a disease of adulthood, is
emerging in children and adolescents. The increasing
risk for a large number of social and health problems
accompanied adolescence overweight trends over the
last several decades and it is likely to have a great impact
on the future cardiovascular health (4,55,80). Also, an
obese adolescent is at risk of becoming an obese adult
with an associated raised risk of disease and premature
death (55,80-83).

Childhood and adolescence are critical periods for the
onset of obesity (4,84). During adolescence changes in
absolute and percentage body fat take place. In general
total body fat mass increases in girls but, in boys, the

percentage body fat decreases as a result of an increase
in fat-free mass (4).

The mechanisms linking excess body fat and dis-
eases are under intensive investigation, but still far from
clear. It may seem strange to put a lot of effort into studies
on the prevalence of overweight and obesity in children,
since it is rather unusual that children become sick from
their overweight. However, obesity in this age group is not
usually a benign condition. Despite the associations are
much stronger in adulthood, overweight and obese ado-
lescents and young adults have more arterial lesions
(10,71), metabolic complications as non insulin-depen-
dent diabetes mellitus and features of the metabolic
syndrome (85-88), psychological problems (89), a re-
duced capacity for physical activity (90,91) and other risk
factors (85,92).

Defining obesity in children has been difficult because
assessing body fat is expensive and impractical in large
groups. Though body mass index is only an indirect
measure of fatness, the International Obesity Task Force
and the WHO recommended it to classify overweight in
children and adolescents (93,94). However, there are no
consensual criteria to define the boundaries of what is
called adolescence overweight made difficult the compa-
rability of results.

In American children and adolescents, overweight
more than doubled between 1976-1980 and 1999-2000
(87). In England, the fastest increase was observed
during the nineties and overweight prevalence almost
tripled (72). In Southern European children aged 7 to 11
years the prevalence of overweight ranges from 20% to
35%, while in Eastern Europe it is lower than 20%,
probably reflecting the social and economic conditions
that followed the political transition in the late nineties
(72). Portuguese 9-year-old children showed a mean
body mass index increase of 2.3 kg/m2 from 1970 to 2002
(77). Using a representative community sample of 13-
year-old adolescents from public and private schools,
members of the Epidemiological Health Investigation of
Teenagers in Porto (EPITeen) cohort, was found a preva-
lence of overweight (more than 95th percentile) was
10.2% and an additional 16.5% were at risk of overweight
(between the 85th percentile and the 95th percentile) (95).
And results stress the preventive role of physical activity
and the importance of parental body mass index as a
simple marker of overweight risk in adolescents.

The magnitude of the problem varies among countries
and age groups (72,78,96). It is the result of a heteroge-
neous group of conditions, which includes genetic and
environmental factors, and reflects social, behavioural,
and physical elements with wide geographical impact
(96). Prevention of overweight is a complex issue. It
warrants changes in individual and family behaviours, in
food marketing and in the overall social environment
(96,97). Schools are an especially effective setting to
provide adolescents with long-lasting healthy dietary habits
(98). To curb the epidemic and to evaluate community
programs, it is essential to have more extensive knowl-
edge on the prevalence of overweight. A thorough under-
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standing of the causes and determinants of the obesity
epidemic at international and local level are essential
because different factors might operate and cluster in
different regions calling for different interventions to be
adequate (72,96,97).

Hypertension

Worldwide, high blood pressure is estimated to cause
7.1 million deaths, about 13% of the total death (7).
Globally, about 62% of cerebrovascular disease and 49%
of ischaemic heart disease are attributable to suboptimal
blood pressure (systolic >115 mmHg) (7). Across World
Health Organization regions, the range between the
highest and lowest age specific mean systolic blood
pressure levels is estimated to be at about 20 mmHg (7).
In the European subregions, which include Portugal,
blood pressure levels are particularly high (7). Despite
heterogeneity among countries, European countries had
higher blood pressure than United States and Canada
(99).

Traditionally, hypertension has been considered a
problem of adults but earlier stages of life are critical in its
etiology. Early-life blood pressure is associated with
increased cardiovascular risk (100) and blood pressure
levels tracks from childhood into adulthood. Long-term
follow-up studies have shown that blood pressure levels
measured in childhood and adolescence are positively
associated with blood pressure in early adulthood and
showna clear association between elevated blood pres-
sure level in late adolescence or young adulthood, and
cardiovascular morbidity and mortality (101-103).

In a Portuguese adult population aged 18-90 years old
an overall 42.1% had hypertension. The age-specific
prevalence of hypertension in persons younger than 35
years, 35-64 years old and older than 64 years old, was
26.2%, 54.7% and 79% in men and 12.4%, 41.1% and
78.7% in women, respectively (104). Using a representa-
tive sample of adults living in Porto, found 68.0% females
and 73.5% males with a blood pressure (130/85 mmHg
(105). Additionally, a lower proportion of awareness and
control was found in the adult Portuguese population.
Among hypertensive patients, only 46.1% were aware of
their high blood pressure, 39.0% were taking antihyper-
tensive medication, but only 11.2% achieved blood pres-
sure control (< 140/90 mmHg) (104).

Since blood pressure levels in adulthood are directly
related to those in childhood and adolescence (102), it is
reasonable to suppose that the values in Portuguese
adolescents are higher than those of other populations
when the prevalence of hypertension is lower.

Data from the EPITeen study that evaluated 2023
adolescents aged 13-years-old and enrolled at public and
private schools of Porto, found a prevalence of hyperten-
sion (if systolic (SBP) and/or diastolic blood pressure
(DBP) were above the 95th percentile for gender, age and
height) of 22.0% and 13.3% of hypertension (SBP or DBP
levels were above the 90th percentile but both < the 95th

percentile) (106). Mean systolic and diastolic blood pres-

sure measured in this study were similar to those de-
scribed previously for this age-group in a sample of 86
adolescents in the Porto area (107) and in an unspecified
number of girls in the north of the country (108), but higher
than those in boys from the Northern of Portugal (108).The
results also found that body mass index was related to
blood pressure (106).

While control of hypertension in adults is beneficial to
reduce the occurrence of cardiovascular disease and
mortality (109,110), the identification of means of pre-
venting hypertension in earlier life is important, especially
in a population such as the Portuguese that shows a high
prevalence of this health problem and has stroke a major
cause of death.

Metabolic Syndrome

Most individuals who developed cardiovascular dis-
eases presented multiple risk factors. This cluster of risk
factors, that usually includes overweight, hypertension,
dyslipidaemia and insulin resistance, was initially called
“syndrome X” (111). Syndrome features are associated
with insulin resistance and through this common pathway
result in a high-risk state for developing type 2 diabetes
and cardiovascular events among adults (112). Recently,
the “Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults” (ATPIII)
recognized as characteristic factors of the metabolic
syndrome abdominal obesity, atherogenic dyslipidemia
(elevated triglyceride, small LDL particles, low HDL cho-
lesterol), raised blood pressure, insulin resistance (with
or without glucose intolerance), and prothrombotic and
proinflammatory states. It also provided simplified clinical
diagnostic guidelines for the adult metabolic syndrome
(113).

A similar clustering of risk factors was described in
children and adolescents but in this age group there is no
agreement on the syndrome definition (114-117). In the
absence of a commonly agreed definition, different com-
ponent features and several cut points have been used to
consider the presence of metabolic syndrome in adoles-
cents. Several studies investigated the determinants and
the effects of the individual component factors of meta-
bolic syndrome in children and adolescents, and their
main finding was that they tend to track through adulthood
(55,81,118,119). This leads to hypothesise a similar
behaviour for metabolic syndrome when considered a
single entity, and to admit that the clustering process
begins early in life, and persists into adult life.

To identify disparities in the World Health Organiza-
tion and ATPIII definitions of metabolic syndrome when
extended to adolescents, Goodman et al (120) defined
metabolic syndrome using the adult cut-off points, except
for body mass index. The resulting ATPIII-defined preva-
lence was 4.2% and the WHO-defined prevalence was
8.4%. In Mexico, using five different approaches, in 10-18
years-old adolescents, the computed prevalence ranged
from 3.8% to 7.8%. Using ATPIII definition it was 6.5%
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(121). In The Bogalusa Heart Study a prevalence of 3.8%
was found in adolescents aged 11 to 13 years old, but
considered metabolic syndrome only when four features
were present (122). The overall prevalence of metabolic
syndrome among adolescents examined during the Na-
tional Health and Nutrition Examination Survey (NHANES
1999-2000) was 6.4% considering the ATPIII definition
modified for age but with some different cut-points, as the
90th waist percentile to define abdominal obesity (123).
Using data collected by the NHANES between 1988 and
1994 and the adapted ATPIII definition, the estimated
prevalence reported among 12-19 years old adolescents
was 9.2% (124).

Until recently, no data was available to describe the
national prevalence of the metabolic syndrome in Portu-
guese adults or adolescents. In a cross-sectional study of
1436 adult residents in Porto, that defined metabolic
syndrome as proposed by the ATP III, found a crude
prevalence of metabolic syndrome of 23.9% with a high
blood pressure as the more prevalence feature (105). The
prevalence of metabolic syndrome, evaluated in 1348
adolescents aged 13 years old registered at public and
private schools of Porto, was 10.5% (9.8% in female and
11.4% in male). The most prevalent feature was high
blood pressure in females (34.8%) and low HDL in males
(40.2%) and the less frequent was fasting serum glucose
>6.1 mmol/L (0.6%) (125).

Previous epidemiologic identification of long-term
health consequences of gestational events and out-
comes widened the window of investigation to include the
early origins of later disparities in well-being and health
(36,37). Also, we know that adverse outcomes in adult-
hood, such as those concerning ill health, can frequently
be traced back to disadvantaged conditions earlier on,
recognised that risk factors are cumulative over the life
course (126).

Base on the notion that early life exposures during
critical periods of growth influence children and adoles-
cents health and shapes morbidity later in adult life (127-
131), and also on the notion that the increase of cardio-
vascular risk factors prevalence in adolescents, it is
important to give more attention to this young age group
to understand the relation between adolescent health and
the incidence of diseases in adulthood, and to plan
preventive measures.
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