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Abstract

Evidence that cardiovascular (C-V) risk factors are identifiable in childhood and are predictive of future C-V risk is now irrefutable. That
levels of C-V risk factors track or persist over time is important, since such phenomenon confers a life-long burden of C-V risk and indicates
s dant insulin
r ng others.
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ubtle and progressive changes in the C-V system. C-V risk factors occur often in constellation and central obesity and the atten
esistance/hyperinsulinemia underlie the comorbid conditions of dyslipidemia, hypertension, thrombosis, and inflammation, amo
utopsy studies and non-invasive subclinical C-V imaging studies in youth clearly link the multiple risk factor burdens to adverse C-
hanges. The application of multiple risk factors profiling in young individuals in conjunction with non-invasive measurements of
hanges can promote successful aging and encourage preventive cardiology beginning in early life.
2004 Elsevier Inc. All rights reserved.
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. Introduction

Cardiovascular (C-V) risk factors are identifiable in child-
ood and are predictive of future C-V risk in adulthood

1–3,15]. The long-term burdens of C-V risk factors have
mplications for successful aging and longevity in contrast to
remature morbidity and mortality. Although clinical heart
isease occurs in middle age and in older individuals, evi-
ence of atherosclerotic disease, and organ changes related

o high blood pressure, and adult type two diabetes are ev-
dent in childhood. The precise environmental and genetic
actors causing these diseases are still being investigated,
ut it is apparent that risk factors are expressed as genetic-
nvironmental interactions leading to C-V disease. Identi-

ying the earliest determinants of C-V risk and related risk
actors can achieve a great deal in understanding the evolu-
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tion of these complex traits. This remains important s
heart diseases are common problems in adult medicin
result in the greatest cause of death.

The long-term burden of C-V risk factors and lifest
behaviors in early childhood create a long-term burde
the C-V system, which ultimately results in C-V events.
healthy lifestyles, such as high fat–high calorie diet, toba
use and physical inactivity represent strong environme
factors related to the latent “silent” C-V lesions devel
ing in the C-V system. Advances in technology now prov
opportunities to study by non-invasive methodology un
lying C-V changes occurring in asymptomatic individu
Application of such measures can be used to evalua
progressive changes that are occurring throughout the
system.

The long-term Bogalusa Heart Study now has an
portunity using non-invasive methodology to evaluate s
changes of the C-V system and the effect of the risk fa
burden.
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2. Population

The Bogalusa Heart Study is a comprehensive long-term
program investigating the early natural history of C-V disease
in a population of children and young adults from a biracial
(65% white, 35% black) semi-rural community[2,3]. The
study began in 1973 and has continued with multiple cross-
sectional and longitudinal surveys. Extensive C-V risk factor
data have been collected on approximately 16,000 individuals
now providing a database from birth to approximately 40
years of age. Many subjects have had multiple observations,
an average of around six times over the past 30 years.

3. Predictability of childhood risk factors for adult
risk

Levels of risk factor variables for an individual tend to
remain over time in a given rank within the distribution of
the population. This “Tracking” based on findings beginning
in early life is important, since childhood risk factors predict
adult levels and clinical C-V disease. Tracking has significant
implications for the life-long burden of C-V risk because this
burden identifies with underlying disease of the C-V system.
Risk factors track to varying degrees, with measures of obe-
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creases with age, particularly after the adolescent age follow-
ing dramatic changes at puberty with growth spurts. A strik-
ing change of serum lipoproteins occurs in white males who
show a decrease of HDL cholesterol starting at 65 ml/dL in
childhood and decreasing to approximately 45 ml/dL around
age 16[4]. In addition, white males show a more acceler-
ated increase of LDL-cholesterol, which is associated with a
marked increase of the total cholesterol/HDL cholesterol ra-
tio. In blacks, girls at the 85th percentile level begin to show
a marked increase of obesity beginning around 9 years of
age. Yet, black boys tend to be thin, muscular, have slower
heart rates and higher peripheral resistance and higher blood
pressure levels. These latter findings are consistent with the
increased prevalence of hypertension in black adults. It is of
further interest that the degree of clustering of risk factors
increases with age and likely has a strong relation to limiting
longevity.

The coexistence and high prevalence of multiple risk fac-
tors in young individuals has implications for the common oc-
currence of adult heart disease. From epidemiologic studies
in older individuals such as the Framingham Study and Mul-
tiple Risk Factor Intervention Trial (MRFIT) a coexistence of
multiple risk factors has a strong relationship to C-V events.
Although individuals in the Bogalusa Heart Study are not old
enough to manifest clinical symptomatology, the degree of
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ity tracking the most[25]. Obesity, which begins in infanc
nd childhood, persists into adulthood and levels in c
ood are strongly predictive of adult obesity. Serum t
holesterol and low-density lipoprotein cholesterol (BD
rack almost as well. The magnitude (LDL) of tracking
riglycerides, high-density lipoprotein (HDL) cholesterol a
lood pressure is somewhat lower, due to the biologic cha
nd measurement variability. Although tracking of individ
isk factors occurs, more important is that clusters or ag
ation of multiple risk factors persist strongly from childho

o adulthood. This is especially true among individuals w
ncreased body fatness[8]; and it is unfortunate there h
een a secular trend of obesity across the nation, as
ented in Bogalusa[13,21]. Overweight and obese subje
re likely to have three or four additional risk factors. Adip

ty in childhood precedes hyperinsulinemia, which beco
ore marked at the adult age, independent of race, sex
aseline insulin levels. Adiposity is an independent pred
f the risk of developing the cluster of risk variables con

ent with the metabolic syndrome or insulin resistance
mportantly, it begins in childhood[26]. This persistence o

ultiple risk factors with excessive weight reflects a life-t
urden that relates to the development of atheroscleros
ypertensive C-V disease target organ changes.

Individual risk factors correlate with other risk factors
oth childhood and adulthood alike. For example, obes
ssociated with higher blood pressure levels, especia
hite children. It is of additional interest that there is
oexistence of the multiple risk factors beginning in ch
ood and persisting into adulthood indicating the trend

ife long burden. The degree of clustering of risk variable
lustering of risk factors, as seen in the Framingham S
re essentially similar. Central obesity and the attenda
ulin resistance/hyperinsulinemia underlie the constell
f metabolic, hemodynamic, thrombotic and inflamma
isorders already evident in young individuals.

. Evidence of underlying cardiovascular disease

.1. Autopsy studies

The burden of multiple C-V risk factors from childho
n the C-V system can be evaluated by various types of

es. Most important are autopsy studies of young individu
n the Bogalusa Heart Study an unusually high preval
90%) of coronary atherosclerosis is seen by the third de
f life in the general population. Several autopsy stu
ave supported this distressing high occurrence of athero
osis: the International Atherosclerosis Study[17], soldiers
illed in the Korean and Vietnamese wars[11,19]and Patho
iologic Determinants of Atherosclerosis in Youth (PDA

18]. In life, observations by intravascular ultrasonic stu
IVSS) provide further evidence that the general occurr
f atherosclerosis really greater than appreciated by
ary arteriography[24]. Autopsy studies in Bogalusa furth
emonstrate race and sex differences. A lag of lesion
ur in females and blacks show more aorta fatty streak
hite males more coronary artery fibrous plaques in earl

5,12]. Further studies even indicate changes may be i
nced by gestational effects[22] and vary at different vascul
ites[16,27].
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Fig. 1. The effect of multiple risk factors on the extent of atherosclerosis in
the aorta and coronary arteries in children and young adults. Values shown are
the percentages of the intimal surface covered with lesions in subjects with
0, 1, 2, and 3 risk factors. Risk factors were elevated values for body-mass
index, systolic blood pressure, and serum triglycerides and LDL cholesterol
concentrations, defined as values above the 75th percentile for the study
group (specific for study period, race, sex, and age). There were 52 subjects
with no risk factors, 20 with one, 14 with two, and 7 with three or four. TheP
value is based on the analysis of trend. A marked increase in the percentage
of the intimal surface covered by fibrous plaques is evident in the coronary
vessels of subjects with multiple risk factors (Berenson, Ref.[21]).

Notably, the importance of multiple risk factors has been
documented in the autopsy studies conducted in the Bogalusa
Heart Study.Fig. 1shows the severity of atherosclerotic dis-
ease related to none or increasing number of risk factors. It
might be noted that both fatty streaks and fibrous plaques
accelerate markedly in the coronary vessels with increasing
multiple risk factors[6]. This finding alone emphasizes the
early origin of atherosclerosis and why the assessment of
clinical risk factors in early life is important.

4.2. Non-invasive studies of the cardiovascular system

Although a profile of C-V risk factors is useful in pre-
dicting C-V events, inclusion of measurements of subclini-
cal atherosclerosis by non-invasive imaging techniques can
be a powerful approach to determine the extensiveness and
severity of asymptomatic disease and potential future risk.
Recently there has been considerable interest in imaging for
calcification of coronary arteries, but these observations are
often limited in determining the extensiveness of coronary
atherosclerosis in non-calcified lesions, even in individuals
with known coronary artery disease. The Muscatine Study
has shown a relation of obesity from childhood to coronary
calcification, even though coronary calcification showed a
limited relationship to C-V risk factors[20]. While high
t ty of
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4.3. Echo-Doppler studies

Perhaps the most viable approach is the use of echo-
Doppler measurements. With regards to hypertension, a num-
ber of studies have shown cardiac hypertrophy and increased
left ventricular mass associated with higher levels of blood
pressure in young individuals. It is to be stressed that blood
pressure levels in children and adolescents are much lower
than advocated as abnormal by the Joint National Commis-
sion VI. Essentially levels at the 80th percentile of blood
pressure distributions show some evidence of cardiac hyper-
trophy [9]. It is well known that increased left ventricular
mass has been shown to be an independent risk factor for fu-
ture C-V events in adults, such as heart failure and strokes. It
is unfortunate that primary care physicians caring for young
individuals are not sufficiently aggressive to detect young in-
dividuals with hypertension, monitor the course and encour-
age treatment. Based on tracking, high blood pressure levels
are predictive of future hypertension at the recommended ab-
normal clinical levels; but target organ C-V and renal disease
are already present in youth.

Echo-Doppler studies of the carotid arteries provide a
non-invasive and readily available tool for evaluating large
numbers of asymptomatic individuals. We measured intima-
media thickness (IMT) of carotid arteries by B-mode duplex
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echnologic advances are expanding imaging capabili
nderlying C-V disease, these are costly and may no
ractical for studies of large number of individuals. Th
re more accessible methods now available and thes
iscussed.
ltrasonography in 517 black and white subjects, aged 2
ears, enrolled in the Bogalusa Heart Study. Observatio
he carotid IMT related to multiple risk factors which
luding parental history, blood pressure, obesity meas

ipoproteins, insulin, glucose and cigarette smoking[28].
easurements were obtained on the common, the bu
ifurcation area, and internal carotid segments. In gen

MT in the common carotid and bulb segments were
ificantly greater in blacks, males and older individuals
ight be expected, age remains a major determinant o

ular changes. Marked individual differences were note
ccur in IMT. Studies of the top 5% of carotid artery IM
hanges showed the common segment to have a ran
.84–1.1 mm IMT, with a mean of 0.68 mm, and for
arotid bulb, 0.90–2.1 mm, with a mean of 0.87 mm[14].
he association, among different segments of carotid
nd risk factor variables all occurred in the expected d

ion. Systolic blood pressure, race, age, LDL cholestero
DL cholesterol explained 16% of variance in the comm
arotid IMT; age, systolic blood pressure, HDL choleste
DL cholesterol, race and, importantly, insulin explain
9.4% variance in the carotid bulb IMT. Changes in r

ionship to the risk factors occurring in the internal car
MT were less evident. Of importance is the increase of
ith increasing number of risk factors (0, 1, 2, 3 or mo
s occurs in coronary vessels[7,14,28]. The observations r

ated to multiple risk factors for the common carotid and
arotid bulb segments are shown inFig. 2. These findings ar
onsistent with pulsatile hemodynamic forces at the ca
ifurcation area, which makes this area more susceptib
therosclerotic damage than at the common carotid or
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Fig. 2. Mean intima media thickness of three segments of the carotid artery
related to the number of risk factors. Multiple risk factors relate to carotid
segments in the order of bifurcation area (bulb), common and internal carotid.
* Total cholesterol to HDL cholesterol ratio, waist circumference, systolic BP,
and insulin (>75th percentile specific for age, race, and gender), and smoking
(Urbina, Ref.[24]).

nal segments. Zarins et al.[30] showed the importance of the
hemodynamic effects on the arterial wall structure. Such rela-
tions led Glagov and his group to the concept of remodeling.
The thicker IMT at the bulb segment has a stronger associa-
tion with multiple risk factors. Of considerable importance is
that these changes are similar to that noted in autopsy studies
of coronary arteries.

The presence of underlying IMT in the carotid arteries be-
ing strongly related to clinical C-V risk factors in young indi-
viduals should help identify individuals who are of particular
risk for future C-V events. Douglas[10] have considered the
carotid IMT in youth as indicative of “vascular aging versus
chronological aging. Therefore, understanding risk factors at
a young age and defining their underlying effects on the C-V
system will help guide approaches to treatment and interven-
tion.

In addition to structural changes in the heart and carotids,
vascular elasticity or stiffness of different sites of the arte-
rial system can be studied. In 109 individuals, 10–17 years
old, we were able to show an association of increased carotid
stiffness, in terms of pressure-strain elastic modulus (Peter-
son Elastic Modulus, Ep), with elevated levels of serum total
cholesterol, systolic blood pressure and a positive parental
history of myocardial infarction[23]. More recent stud-
ies also show that the carotid Ep is related to increasing
n li-
a ceiv-
a ced-
i ture-
f ing
a

5. Comments

Observations from the Bogalusa Heart Study beginning
in childhood, and continuing through adolescence, young
adulthood and now into middle age show that characteris-
tics of C-V risk factors vary by age, race and sex. The pres-
ence of multiple risk factors in individuals over an extended
period creates a lifetime burden associated with underly-
ing silent C-V disease. The relation of risk factors to C-V
change is evident for both atherosclerosis and hypertension.
Although individuals in these studies are still too young to
manifest clinical C-V events such as myocardial infarction
or stroke or heart failure, autopsy studies and non-invasive
subclinical C-V studies clearly link a risk factor burden to
future C-V risk. In terms of preventive cardiology, the ap-
plication of clinical risk factor profiling in conjunction with
non-invasive studies of the vascular tree in youth can guide
prevention management and ultimately promote successful
aging.
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