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Atherosclerotic disease arises as a conseguence of
theformation of fatty plaguesinthearteria wall that, inthe
advanced stage, can obstruct the lumen of avessel, resul-
ting in acuteischemic syndromes, whichinclude coronary
artery, cerebrovascular, and peripheral vascul ar disease.

Coronary artery diseaseis presently one of themajor
causes of death in developed countries throughout the
world, andthemain causeof deathintheUnited Stateswhe-
reitisresponsiblefor morethat 500,000 deathsper year .

Considerable evidence suggests that the process of
atherosclerotic plaque formation start ininfancy, progres-
singslowly until adult lifewhen, after along asymptomatic
period, clinical manifestationsof thediseasecan beverified.

Our objectiveisthe presentation of theresultsof ali-
terature search of studies documenting, on the basis of
child and adolescent necropsies, the beginning of atheros-
clerotic diseasein the pediatric age group.

Early hypotheses about mechanismsinvolved in
atherogenesisaroseinthemiddleof the nineteenth century.
Currently, itisaccepted that the pathogenesisof atheroscle-
rosis representsthe answer to aggression against the arte-
rial endothelium, asinitialy proposedin 185622, Endothelial
injury constitutestheinitial event of the processof forma:
tion of theatherosclerotic plaque, and atherogenesismay be
considered aprotectiveinflammatory responseto endothe-
lial aggression?®.

Asaresult of endothelial injury, blood monocytesare
chemotactically attracted to the arterial wall, entering the
subendothelial spacewhere, by means of complex proces-
sing, they arechanged into macrophages. Thesecellsincor-
poratelargequantitiesof oxidized LDL (low-density lipo-
proteins) particles, transforming themintofoam cells, whi-
ch congtitutethefirst chemically and microscopically detec-
tablelesion by lipid depositsin the artery intima. Subse-
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quently, monocytes continue to migrate to the intima;
smooth musclecellsa so start tomigratefromthemiddliela
yer; alsotoaccumulatelipid droplets, acquiring the appea-
ranceof foam cells. Following side-by-sidelocalization on
theintima ssurface, these cellsbecomemacroscopically vi-
sibleasyellowish fatty streaks*.

Astheprocessevolves, notall modified LDL particles
aretaken up by macrophages. Someremain partly deposi-
ted in the extracellular matrix as groups of fat dropletss’.
Thisleadsto adenseaccumulation of lipidsintheextracel -
lular space, constituting theso-called lipid nuclei formed by
theincreaseand confluenceof small groupsof extracellular
lipids. Thislesion, called anatheroma, leadstointensivedi-
sorganization of the intimaand thickening of the arterial
wall that can be seen undergoing fissures, with the naked
eye undergoing ®.

Asthe processevolves, formation of fibrous connec-
tivetissue setsin. When associated with alipid nucleus, it
constitutesafibroatheroma, containing alipid nucleus, afi-
brous plaque covering and giving riseto a hematoma, he-
morrhage, and thrombosis. This situation constitutesthe
major cause of morbidity and mortality secondary to athe-
rosclerosis®.

Stary et a 8 classified theselesionsaccording to histo-
logical typesasshownon Figure 1.

Foam cellsand fatty streaksmay ariseduring thefirst
decadeof life, intermediary lesionsand atheromaarise du-
ring thethird decade, and fibroatheromasand morecompli-
cated lesions start during the 4thdecade.

Thefirst publications on atherosclerosis appeared at
the beginning of the nineteenth century. Scarpadescribed
thepresenceof fatty material and degeneration of thearteri-
a wall of thecoronariesof adult anginousindividuals. From
then on, several studies demonstrated that atheromatous
plaguesare associated with excessfat and cholesterol inthe
blood ¢%°. Publicationsreporting on early formation of the
atherosclerotic plaquein children and adol escents appea-
red at thesametime.

IN 1908, Fremont-Smith* published aliteraturereview
on atherosclerosisin youngsters, reporting that various

Arq BrasCardiol, volume 78 (n° 1), 137-42, 2002

137



Frangoso & Coates Arq Bras Cardiol
Pathological evidence of the beginning of atherosclerosis 2002; 78: 137-42.

TYPEI TYPEII

Intimal
thickening

TYPEIII TYPE IV

‘ Small deposits

‘* of extracellular lipid

Extracellular lipid
nucleus (CORE)

TYPEV TYPEVI

Fiber intimal hrombosis *
thickening with or
without calcification

" *% Rupture of
the plaque

Fig. 1- Histological typesof atheromatous plagues, according to Stary. Source: Modified from Stary et a ., Circulation 1995; 92:13461-62. Extracted with permission from [hara
etal. In: Martinez & Lourengo. Avaliagdo e condutas nos riscostrombo e aterogénico - Sao Paulo: Art Plus, 1996:47.
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authors had found the disease in autopsies of adol escents
and young adults who had died from acute infectious pro-
cesses, thus establishing arelationship between acutein-
fectionand arterial disease.

INn 1930, Zeek °inareview of theliteratureonjuvenile
atherosclerosisobserved that thefirst mention of thiscon-
ditioninchildren wasthat of Hodgsonin 1815. The author
selected 98 well-defined cases of atherosclerosisin subjects
up to 20 years of age and concluded that atherosclerosis
can occur at any agelevel frombirth onwards, without dif-
ferencesdueto sex.

Enoset al ? found grossly visible atherosclerosisin
thecoronary arteriesof 77.3% of 300 American soldiersaged
between 18 and 48 years, killedinthe K orean War. Thestudy
called attention to atherosclerosisin young people.

Holman et a *innecropsy studieson526individuas
aged from 1 to 40 years hoted the appearance of fatty stre-
aksfromthefirst year of lifeon, and that the percentage of
thearterial surfaceinvolvedincreased slowly until theage
of 8years, but afterwards progressed morerapidly. Fibrous
plaques appeared in the second decade of life, increased
until thethird so that after the age of 30, 90% of the aortas
had showed some degree of fibrous plaques. The conver-
sion of streaksto fibrous plagues took approximately 15
years, and at 40 yearsabout 20% of theareacovered by the
streaks had changed into fibrous plaques. The Caucasian
racewasmost affected, aswasthe abdomina segment of the
aorta®®,

Strong and M cGill  dissected coronary arteriesduring
548 necropsiesof patientsfrom 1to 69 yearsof age, obser-
ving that grosslesionswererareduring thefirst decade of |i-
fe, but rapidly increased over thefollowing decades, beco-
ming nearly universal in subjectsover 40 years of age. In
Caucasian men, coronary lesions developed more rapidly
after the4th decadeof life; in blacksand women, devel op-
ment began from the 5thand 6th decades on. Patientswho
died fromischemic heart diseasehad moreextensivelesions
than those dying from other causes, strengthening the hy-
pothesi sthat atherosclerosisisthemost significant cardiac
population risk and that lesions develop at least 20 years
prior tothebeginning of clinical manifestations*4.

TheInternational Atherosclerosis Project, an exten-
sivestudy about thegeographic distribution of thisdisease
involving 14 nationsincluding the USA, Chile, Colombia,
Puerto Rico, Costa Rica, Brazil, Guatemal a, and South
Africa, in 1968 published resultsof necropsiesperformedin
4,737 individuals of both sexes, aged between 10 and 39
years. The sequence of fat deposition occurred in the
following manner in these subjects. Theaortawasthefirst
structureinvolved starting at infancy with theformation of
fatty streaks, and peaking at puberty. In the coronaries,
fatty streaks began at puberty, increasing significantly in
thethird decade of life, showing inclusively an evolution
towardsfibrous plagues. The carotids started to become
involved at the sameagerangeastheaorta; cerebral arteries
wereaffected simultaneously withthe coronaries =",

Kagan *® and Vanecek *° published the results of a
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study by the World Health Organization in 5 European
towns. Fatty streaksand fibrous plaqueswerefoundin the
coronaries of individual s between 10 and 14 years of age;
coronary stenosiswas found in men over 20 years of age
and inwomen 10 years|ater, frequenciesincreased with
aging.

Studiesby Hirvonen et a % in Finland demonstrated
the existence of intimal thickening in coronary arteriesin
53% of 75 healthy childrenincluding thoseunder 5yearsof
agenecropsied after death dueto external causes.

Newman et al 2 published the first results of the
Bogalusa Heart Study, an important epidemiological re-
search study performed in children, adolescents, and yo-
ung adults. The study analyzed the presence of cardiovas-
cular diseaserisk factorsin childrenfrombirth to 26 yearsof
age. Theresearch correlated necropsy material with risk
factors detected antemortem, observing that an important
relationship existed betweenlipoproteinlevelsand arterial
disease. Thisfinding permitted theassociation between the
presence of fibrous plaguesin the coronaries and high
levelsof triglyceridesand arterial pressure. The extent of
fatty streakswasstrongly correlated with high serumlevels
of total cholesterol and LDL andinversely-withHDL levels.
The study concluded that risk factors are related to the
development of atheroscleroticlesionsstarting at the most
precocious stages of infancy.

Tanakaet al 2inJapan, studying 2,856 patientsdying
between 1 month and 39 yearsof age, showed the presence
of fatty streaksin the aortas of 29% of children lessthan 1
year old. Between 1 and 9 years, streakswerefound in the
coronaries of 3.1% of the cases, and in cerebral arteries of
1.9%. Above 10yearsof age, lesionsincreasedin coronary
and cerebral arteries, progressed with age. Fatty streaks
evolved rapidly in the second decade of life, and fibrous
plaguesincreased during thethird. Antemortemrisk factors
likeage, serum cholesterol, and blood pressurelevel swere
positively correlated with the extent of aortic and coronary
lesions. Cerebral artery lesionsshowed asignificant corre-
lationwith arterial pressurelevelsonly.

Stary %2 evaluated atherosclerosis progressionin
infants' and young adults' coronariesby studying arteries
during necroscopy of 691 individua swho died betweenthe
firstday of lifeand 39 yearsof age. Foam cells, whichregres-
sedfollowingthefirst year of life, wereobservedinthearte-
ry intimaof 45% of children upto 8 monthsof life. They re-
turned at puberty, sothat between 10 and 14 years61% had
large amounts of foam cells and fatty streaks. Advanced
lesionswerefound in respectively, 7%, 14%, 21%, 33%,
61%, and 66% of individua saged between 10and 14, 15and
19,20and 24, 25and 29, 30and 34, and 35to 39 years, being
moreprevaentinmales.

Pesonen et a  analyzed coronary artery narrowingin
individualsbetween 1to 16 yearsof life, observingal7%
narrowing of theleft coronary during thefirst year of life,
and of 34% narrowing between 12 and 15 years, beingmore
pronounced in males. Subjectswho had ahigher degree of
narrowing descended from grandparentscomingfromareas
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having ahigh mortality rate dueto coronary artery disease;
this suggested a hereditary predisposition.

Angelini eta % observedintimal proliferation of 95.3%
of thecoronary segmentsof children between1and5years
of age. Fibrous plagues were detected from 6 years of age
onwards, 24% of the individual s between 16 and 20 years
with 1 or moreplagues. Themost affected sitewastheproxi-
mal part of theanterior descending artery.

New results from the Bogalusa Heart Study #” were
published following the analysis of aortasand coronaries
of 150 necropsies of individual s aged between 6 and 30
years. Thestudy reinforced theearlier conclusion that risk
factorsare correlated with the devel opment of atheroscle-
rosisand emphasized theneed for cardiol ogical prevention
fromthebeginningof life.

Kaprio et al 2 evaluated the relationship between
death from arterial coronary disease of grandparents and
thickening of theintimain 136 children. Therelationshipwas
positivefor 77 children, being most frequent in thosewith
narrowing of the coronary lumen.

The multicenter study Pathol ogical Determinants of
Atherosclerosisin Youth (PDAY) # revealed that all aortas
and about half of the right coronaries of 1,532 necropsies
had atheroscleroticlesionsinindividual saged between 15
and 19 years and that the extent of the lesionsincreased
with age. The 50% prevalence of right coronary lesionsin
theyounger group went upto 75%inthe 30- to 34-year-old
group and wasgreater in menwho had moreextensivecoro-
nary involvement and agreater trend towardsevolutionto
moreseriousformsof thelesions.

Cornhill et al ®inthe PDAY study related the role of
risk factorsin the development and progress of arterial le-
sionsinindividualsbetween 15 and 34 yearsof age, indica-
ting that aortic and right coronary atherosclerosis were
positively associatedwithlevelsof LDL andVLDL, glucose
intolerance, smoking, arterial hypertension, and obesity, and
negatively associated with HDL levels. The authors sug-
gested that aprecoci ous modification of risk factorsmight
benefit the retardation of the evolution of the disease.

Tracy et d *in acontinuation of the Bogal usa Heart
Sudy reinforced resultsobtai ned sincethe beginning of the
research, by connecting the presence of aorticfatty streaks
with antemortem serumlevelsof total cholesterol andLDL,
and an inverse rel ationship with HDL . An association of
right coronary lesionswith highlevel sof total cholesteral,
LDL,VLDL,andarteria hypertensionwasshown. New re-
sultsshowed that the presence of multipleconcomitant risk
factors aggravates atherosclerotic lesions of the aortaand
coronaries, demonstrating asynergic effect onlesion evo-
lution®2,

Strong et al * related new results of the PDAY study,
totaling 2,876 individual s aged between 15 and 34 years
dying fromexterna causes, confirming earlier observations
and concluding that the prevalence and extension of |e-
sionsincreaserapidly over this ageinterval-and that athe-
rosclerotic disease should be prevented starting ininfancy
and adolescence.
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Commentary

Asalready mentioned, interestin atherosclerosisinin-
fancy and adol escence arose in the beginning of the ni-
neteenth century; from then on, several reportsonthe pre-
senceof arterial lesionsintheseage groupshaveappeared.
Many necropsy studieshavebeen publishedindicating the
precociousbeginning of atheroscleraticlesionsininfancy.
TheBogalusa Heart Study and the PDAY Sudy correlated
the occurrence of such lesions with the presence of risk
factors and raised the possibility that the latter could
precociously beinvolvedinthelater development of coro-
nary artery disease.

Inview of what has been revealed in the literature,
evidencethat theinitiation of atheroscleroticlesionsbegins
ininfancy isno longer arguable; neither isthe occurrence
of acorrelation between these lesions and the presence of
risk factorsinthisagegroup, despitethestill small number
of studiesconfirming thisrelationship.

In spite of thisevidence, theliterature still discusses
the need for programs aimed at the tracking of serum lipid
and lipoprotein concentrationsin the pediatric age group.
Such tracking aims at the precocious detection and inter-
vention on possibly elevated levels of lipids, considering
thephysiol ogical alterationsthat occur for exampleduring
adol escence.

Someauthorsareagainst thetracking of lipidlevelsin
the pediatric age group, claiming difficultiesin its perfor-
mance, high cost, adverse effects of labeling achild ashy-
percholesterolemic, and lack of demonstrabl e benefits of
decreasing lipid levelsininfancy to prevent diseaseinthe
adult 342,

At the other extreme are authorswho favor universal
tracking of all children, regardless of the existence or no-
nexistence of risk factors, defending theideathat thistype
of trackingismore sensitiveand could benefit children ha-
ving high lipid levels““. The Bogalusa Heart Study re-
commendstracking of cardiovascular risk factors, including
total cholesterol and, whenindicated, lipoproteins, aswell
asarterial pressure, weight, height, diet, physical activity,
and smoking of all children during or prior to pre-school
examination®.

The National Cholesterol Education Program
(NCEP) adopted anintermediary position, recommending
the selective tracking of lipid levels of children above 2
yearsof agewithafamily history of hypercholesterolemiaor
precocious, that isprior to 55 years, cardiovascul ar disease,
or of those whose family history cannot be obtained .

The American Academy of Pediatricsadopted and ma-
intainstherecommendationsestablished by theNCEP*. The
Brazilian Society of Cardiol ogy through the Second Brazi-
lian Consensus on Dydlipidemias al so recommends sel ec-
tivetracking of thelipid profileof childrenand adolescents
of the 2- to 19-year age group based on their family history
andthepresenceof other risk factors®. Valuesfor reference
arefoundinTablel.

Prevention isthe main form of control of disease
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Tablel - Reference valuesfor plasma lipids between 2 and 19
years of age
Lipids Age Values (mg/dL)
Desired Increased Limiting
Ccr <170 170 - 199 > 200
LDL-c <110 110 - 129 =130
HDL-c <10 240 - -
10- 19 235 - -
TG <10 <100 - > 100
10- 19 <130 - > 130
Source: Brazilian Society of Cardiology — Second Brazilian Consensus
on Dislipidemias, 1996 “.

consequent to atherosclerosis, and little has been donein
termsof itsimplementation, especially in pediatric practice.
The pediatrician, in general the only professiona who ac-
companiesanindividual fromhisbirth onwards, canfulfill
animportant roleinthepromotion of cardiovascular hedthby
not limiting hisfocus of attention to diseases of childhood,
but approaching adult disease as having itsoriginin the
pediatric age group %52,

According to the recommendations of the American
Academy of Pediatricsand the Brazilian Society of Cardiolo-
gy, indiscriminate determination of thelipid profilein
children and adol escentsis not recommended. Neverthe-
less, tracking between 2 and 19 years of age should be
performedinthefollowing situations: presenceof grandpa:
rents, parents, brothers, uncles, andfirst cousinswith coro-
nary, or cerebrovascular, or peripheral manifest arterial
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diseaseor acombination of theseearlier than 55 yearsof age
in men and earlier than 65 yearsin women, closerelatives
with total cholesterol levels=>300mg/dL or triglycerides
=2400mg/dL, presenceof acute pancregtitis, xanthomatosis,
obesity, or other risk factorsfor arterial coronary disease of
the child or youngster.

Regrettably, not all pediatricians know about these
recommendations and few include tracking and measures
for the prevention of adult diseasesintheir daily practice.

Yet, the prevention of atherosclerosisisaresponsibility
of the pediatrician. He should identify and control cardiovas-
cular risk factorspresentininfancy and adolescenceby promo-
ting cardiovascular hedlthto his patientsthrough the preven-
tion or control, or both prevention and control of obesity, by
encouraging regular physical exercise, by the detecting and
controlling of arterial hypertension, encouraging healthy
eating habits, discouraging-smoking by adolescents and,
whenindicated, tracking of lipidlevel s*5,

Cardiology societiesin collaborationwith those of pe-
diatricscould perhapspromote campaignsfor theclarifica-
tion and sensitization of pediatricians on how to prevent
factorscapable of impairing cardiovascular healthin adult
life, frominfancy onwards. In addition, they could promote
campaignstoimprovetheunderstanding of healthier ways
of lifeby thepublic.

In conclusion, the process of theformation of atheros-
clerotic lesionsbeginsin infancy, being detectable already
during thefirst year of life. Risk factorsfavoring the de-
velopment of atherosclerotic lesionsare present during in-
fancy; their prevention should al so begin during thisperiod.
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