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Distribution of Coronary Artery Calcium Scores Determined
by Ultrafast Computed Tomography in 2.253 Asymptomatic
White Men
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Objective - To describe the distribution of coronary
artery calcium scores in a population of asymptomatic
white Brazilian men undergoing assessment with ultrafast
computed tomography.

Methods - The study assessed 2.253 men aged 22 to
88 years undergoing computed tomography in an Ima-
tron® C150 device for detecting coronary calcium. Data
were divided based on the patient s age into 7 groups: < 40
years, 40-44 years, 45-49 years, 50-54 years, 55-59 years,
60-64 years, and >65 years.

Results - The mean and standard deviation of age
were 50.0+ 9.7 years. In 48.8% of the cases, the coronary
artery calcium score was > zero, with a non-Gaussian dis-
tribution and a large variation for the same age group. A
direct correlation between age and the coronary artery
calcium score was observed (r=0.4, P<0.01). Except for
the comparison of individuals in the age groups 60-64
years, below 55-60 years, and above 65 years, the older
the age group, the greater the medians of the coronary ar-
tery calcium scores (P<0.0001). Coronary artery calcium
scores were reported according to the 25th, 50th, 75th,
and 90th percentiles for the age groups.

Conclusion - This study, the first to report the distri-
bution of the coronary artery calcium scores in a sample of
white Brazilian men, may be useful for stratifying the risk of
coronary events.
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Coronary atherosclerosisisoneof themajor causes of
death among us?. Atherosclerosisisamultifactorial disea
se, and theidentification of individual sat highrisk for coro-
nary eventsisextremely important, because preventivethe-
rapies, such aschangeinlifestyleand use of drugs, suchas
statinsand acetylsalicylic acid, significantly reduceclinical
eventsand mortality 2. Classically, therisk stratification of
coronary events has been performed through the analysis
of aset of risk factors. However, epidemiol ogical datahave
shownthat approximately 25% of theindividualswhodied
suddenly dueto cardiac causeshad no previoussymptoms,
and eventheclassical toolsfor ngtherisk of corona-
ry events, such asthe Framingham scores, havelimitations
inidentifying high-risk individual s34, Approximately 50%
of the coronary deathsand most myocardial infarctionsoc-
curinindividualsconsidered atlow tointermediaterisk, ac-
cordingtoclinical and laboratory parameters?. Therefore,
assessment of subclinical atherosclerosisthroughimaging
techniquesmay beuseful for risk stratification, becauseevi-
denceexiststhat theload of the atherosclerotic plague cor-
relateswith therisk of coronary events®®.

Coronary artery calcification (fig. 1), detected onultra-
fast computed tomography or el ectron beam computed to-
mography, correlateswith the load of the atherosclerotic
plaquein histological, angiographic, andintravascular ul-
trasound studies °, Ultrafast computed tomography isa
noninvasive and very sensitive method to detect calcifica
tionin coronary arteries’. Evidenceexiststhat thepresence
of coronary artery cal cification on ultrafast computed tomo-
graphy may bearisk marker of clinica eventsincoronary ar-
tery disease, independent of therisk factorsfor atheroscle-
rosis*+4, Upto now, coronary artery calcium scoresinthe
Brazilian popul ation have not been reported.

Thisstudy aimed at describing thedistribution of coro-
nary artery calcium scoresinapopul ation sampleof asymp-
tomatic white Brazilian men undergoing assessment on ul-
trafast computed tomography.
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Fig. 1 - Calcification of the anterior descending artery detected on ultrafast
tomography in an asymptomatic man (arrow).

Methods

Thisstudy assessed 2.253 asymptomatic, fromthecar-
diovascular point of view, men undergoing ultrafast compu-
ted tomography inthe Jardins Diagnostic Unit of the Hospi-
tal IsraelitaAlbert Einstein, in S&o Paul o, from November
1999to April 2002. The examination wasindicated by the
physiciansonroutineassessment. | ndividua swithaclini-
cal diagnosisof coronary artery disease or undergoing an-
giography, revascularization with acatheter, or myocardial
revascul arizationwereexcluded fromthestudy.

Thetomographieswere performed with an Imatron®
C-150tomograph (Imatron Corporation, San Francisco, Ca-
lifornia, USA), and the images were obtai ned with 3-mm
axial sectionsof theheart at theend of diastoletriggered by
theelectrocardiography at 100-msintervalsduringtheins-
piratory pause. Coronary artery calcification wasconside-
red an image of 2 contiguous pixelswith an attenuation
coefficient > 130 Hounsfield units. Thecoronary artery cal-
cium score was calculated according to the Agatston
method %5, multiplying thecal cificationareain squaremilli-
metersby afactor 1, 2, 3, or 4, depending ontheattenuation
coefficients determined by calcium. Factor 1 was used for
coefficientsbetween 130 and 199 Hounsfield units; factor 2
for coefficientsbetween 200 and 299 Hounsfield units; fac-
tor 3for coefficientsbetween 300 and 399; and factor 4 for
coefficientsgreater than 400 Hounsfield units. The corona-
ry artery calcium scorewasthe sum of all the scoresobtai-
nedinall coronary arteriesandin all tomographic sections,
calculated with Accuscore? software (Accul mage Diagnos-
tics Corporation, San Francisco, CA, USA). However, the
cal culationswereonly performed after the presence of cal-
ciumwasconfirmed by the operator.

Datawere divided based on the patient’ sageinto 7
groups. <40years, 40-44 years, 45-49 years, 50-54 years,
55-59years, 60-64 years; and > 65 years. Descriptivestatis-
ticswas performed and the means, medians, and standard
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deviationswere cal culated in each age group with Micro-
soft ExcelR (Microsoft, Brazil) and Sigmastat for Windows?
(Jandel Scientific, San Rafael, CA, USA) software. The
Gaussian or non-Gaussian distributionsof datawere asses-
sedwith the K olmogorov-Smirnov test. Agewascorrel ated
with the values of the coronary artery calcium scores
through the Spearman test, and the values of the coronary
artery calcium scores were also compared between each
other in the different age groups using the analysis of va-
riance for the nonparametric repeated measures (RM-
ANOVA) andtheDunntest. Thevalueof 2-tailed P<0.05
wasconsidered significant.

Results

Themean, standard deviation, and ageinterva were
50+9.7 years (22-88 years). The coronary artery calcium
scorewas > zero in 48.8% of the cases. Table| showsthe
means, medians, and standard deviations of the coronary
artery calcium scoresthat had anon-Gaussian distribution
and showed agrest variationfor the sameagegroup. A di-
rect correlation between age and the coronary artery cal-
ciumscorewasobserved (r=0.4, P<0.01). Except for thecom-
parison between the individual sin the age groups 60-64
years, below 55-60 years, and above 65 years, theolder the
age group, the greater the medians of the coronary artery
calciumscores(P<0.0001). Tablell showsthecoronary arte-
ry calcium scores divided according to the distribution of
the 25th, 50th, 75th, and 90th percentiles.

Discussion

The determination of coronary artery calcification
with ultrafast tomography hasbeen usedin preventivecar-
diology to assesstherisk of coronary eventsin asympto-
matic individuals’. Thecoronary artery calciumscoresarea
means of systematizing these values with diagnostic and

Table I - Mean, standard deviation, and median of coronary artery
calcification according to age in 2.253 asymptomatic
white individuals

Age <40 40-44 45-49 50-54 55-59 60-64 >65
N 313 392 469 433 305 173 168
Mean 21 51 75 116 159 222 419
SD 110 346 296 299 347 401 829
Median 0 0 0 3 22 68 111

Table II - Distribution of the percentiles of calcification in coronary
arteries according to age in 2.253 asymptomatic
white individuals

Age <40 40-44  45-49 50-54 55-59 60-64 >65
N 313 392 469 433 305 173 168
25% 0 0 0 0 0 1 12

50% 0 0 0 4 22 68 112
75% 0 6 25 84 134 276 440
90% 17 58 134 340 462 641 1107
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prognostic intention. This study wasthefirst to describe
the coronary artery calcium scores assessed on ultrafast
tomography inaBrazilian populationsample. Prior toit, des-
criptionsof the coronary artery calcium scoresexisted only
for populationsin the USA 3617, The description of corona-
ry artery calcium scoresisnecessary in our population, be-
causeitisnot only the prevalenceof coronary artery disea
sethat differsinour country, but alsoitsethnic composition
ascited previoudly.

The distribution of coronary artery calcium scores
greatly varies, and this distribution does not follow the
Gaussian curve. The standard deviations are greater than
the mean, which makesthe classical presentation in the
form of mean and standard deviationinappropriate. Howe-
ver, for descriptive purposes, they werelisted intablel.
Thus, the median would be the better way to depict the
data. Inall agegroupsassessed, 50% of theindividualshad
ascore equal to zero, which justifies the values of the me-
diansintablel.

Asinother populations, coronary artery calcium sco-
resincreased with age **617; however, the non-Gaussian
distribution and the small number of individualsintheage
groups> 60 yearsin our samplejeopardized thebetter com-
parison of coronary artery calcification between that age
group and thoseimmediately below and aboveit. Although
themediansaregreater, no statistical differencewasobser-
ved inthese values. It isworth stressing that despite this
apparent limitation, evidenceexiststhat thegreater specifi-
city for detecting therisk for coronary eventsliesintheas-
sessment of coronary artery calcification between the age
groupsfrom 35to 55 yearsor to 60 years’. Inour study, 75%
of the individual s were younger than 60 years of age. Al-
though ageisanimportant determinant of thecoronary arte-
ry calcium score, other risk factorsfor atherosclerosis, such
assmoking, cholesterol, and arterial hypertension, werenot
assessed inthisstudy and in other studiesdescribing coro-
nary artery calcium scoresin populations of the USA with
multivariateanaysis.

Intheimages obtained on ultrafast tomography, coro-
nary artery cacification may beeasily identified by theden-
sity 8-timesgreater than that of the surrounding tissues®.
Thelmatron® ultrafast tomograph differsfrom the conven-
tional and modern helical ones, because its velocity of
imageacquisitionis50-100ms, ie, 3to 6timesfaster, which
reducestherisk of artifacts, and makesthisdevicethegold
standard for ng coronary artery calcification”.

A strong correl ation between coronary artery calcifica-
tionidentified on fluoroscopy or on anatomicopathol ogical
examination and coronary artery disease has been known
since 1961 *2°, More recent research has suggested that
calciumisalready presentinthe atherosclerotic plaguein
itsfirst stages, when thelesionis constituted only by fatty
streaks?. However, inthisstage, calcium cannot beidenti-
fied by means of the current noninvasive methods. Asthe
lesion progresseswith the addition of cholesterol, inflam-
matory cells, and fibroustissue, calcium buildsup in the
form of plague, inthe base of theintima, and becomesiden-
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tifiableonultrafast tomography. Simonset a 22 analyzed se-
guential histological sectionsfromtheinitial tothe caudal
portionsof 525 coronary arteries. Although calciumwasnot
presentin al lesions, an important correlation was found
between the amount of calcium and the degree of atheros-
clerosisineach coronary artery. Almost all lesionswithout
calcification had no significant obstruction of thecoronary
lumen, showing that identification of calcium anditsquan-
tification allow theeval uation of thedegreeof existing coro-
nary artery disease. A similar study by Rumberger et al %,
correlating coronary artery calcium quantificationon ultra-
fast tomography in hearts at autopsy and its histopathol o-
gicquantification, confirmed these data. Angiographic and
coronary artery ultrasound studies have al so shown that
coronary artery calcification correlateswith theload of the
atherosclerotic plaque®*?, and thelatter, inturn, correl ates
with therisk for coronary events®®. Several studiesin
asymptomatic or symptometicindividuason coronary arte-
ry disease have shown acorrel ation between coronary arte-
ry calcification and obstruction of the lumen of the ves-
el %1824 Although the sensitivity of ultrafast tomography
for the diagnosis of coronary artery obstruction reaches
95%, itsspecificity isaround 66% %, afact that jeopardizes
theroleof ultrafast tomography inthetriageof coronary ar-
tery obstructions.

The major usefulness of ultrafast tomography liesin
itscapacity toidentify therisk for coronary eventsindepen-
dently of the classical risk factors®. North American data
have shown that approximately 50% of the coronary events
originateintheso-calledintermediaterisk range, according
totheuseof clinical datafor stratification, such asthose of
theFraminghamtable. Therefore, itisnecessary that other
testsbe used for abetter stratification of therisksfor coro-
nary events. Datafrom the literature have shown that the
presenceof coronary artery calcificationisassociated with
agreater risk for coronary events'**4, anditsabsenceisas-
sociated withanamost-zerorisk for coronary eventsin stu-
dies of 3-to-5 year follow-up®. Coronary artery calcium
scoreshavetheir major usefulnessin stratifying therisk for
clinical events. A recent meta-analysisshowed that indivi-
dualswith coronary artery calcium scoresabovethemedian
had a4.2-timesgreater relativerisk of death dueto coronary
artery diseaseor myocardial infarction (95% Cl 1.6-11.13)
compared with individualswith coronary artery calcium
scoresbel ow themedian %. Evidenceindicatesthat indivi-
dualswith coronary artery calcium scores abovethe 67th,
75th, and 80th percentilesfor sex and age, which are supe
rior percentiles depending on the case seri es assessed, had
an annual absoluterisk for myocardial infarction or death
dueto coronary artery disease, or both, of 1.8%, 2.3%, and
4.5%, respectively, placing these patientsin the high-risk
range. Another option proposed in aprospective study for
assessing the risk of coronary events was the use of abso-
lute scores and not their distribution according to ageand
sex 1, Classically, coronary artery calcium scoresabove 400
areassociated with agreater risk for coronary obstructions
and clinical events®’. Arad et al ™, studying 1,172 indivi-
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dualsover 3 years, showed that acoronary artery calcium
score> 160 wasassoci ated with a20.2-greater oddsratio of
having myocardial infarction or desth dueto coronary artery
disease. Thesefindings did not depend on classical risk
factors. However, inapopulation at highrisk for coronary
events according to clinical data, the coronary artery cal-
cium scoreswerenot more efficient than the Framingham
scoresin identifying individuals with clinical events .
Thesedatawererefuted dueto theinappropriate methodo-
logy of theexaminationsperformed by Detranoet a 2.
Recently, Grundy % has proposed the association of
coronary artery cal cium scoreswith the Framingham scores
for therisk stratification of coronary events. Agehasbeen
known to be one of the mgjor risk markersfor coronary
eventsin association with theincreasein theload of athe-
rosclerotic plaque. Determination of a higher or lower
degree of coronary artery calcification, asan indicator of
theamount of atherosclerotic plague, reducesor increases
the pointsattributed to ageinthe Framinghamtables.
Themajor criticism of prospective studieswith ultra-
fast tomography isthe small number of clinical eventsoc-
curring duringthefollow-up, which limitsthediscriminating
power of these studies®. Likewise, theindiscriminate use of
examinationswithout amedical indication, based on Bayes
theorem, iscriticized because theuse of ultrafast tomogra-
phy inindividuasat low clinical risk only exceptionally will
identify individualsat highrisk for coronary events®. Con-
sequently, the costs of anindiscriminate assessment beco-
me prohibitive from the public health point of view. The
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MESA study with more than 6.500 individual s of diverse
ethnicitiescarried out inthe USA compared ultrafast tomo-
graphy, theassessment of the carotidintima/mediaratio on
ultrasound, and clinical scoresof risk to determinewhether
thenoninvasivetechniquesare superior, complementary, or
inferior to the clinical assessment of therisk for coronary
event 5,

In conclusion, based on the current literature, when
well-indicated, the assessment of coronary artery calcium
scoresisuseful for stratifying coronary risk. Oncetheindi-
viduals at high risk for events areidentified, we propose
that they betreated according to thecurrent prevention gui-
delines, mainly inregardtothe use of statinsand acetylsali-
cylic acid 2. We suggest that further studies approach the
determination of coronary artery calcium scoresinwomen,
assess a greater number of males at more advanced ages
and of different social classesthan that of the population
studied (middle-classindividuals). We al so suggest that
thecoronary cal cium scoresreported for Brazilian popul &
tions should be compared with those of populationsin the
USA, becausethesearethepatternsavailableintheliteratu-
re. If differences are found, a prospective study about the
value of coronary artery calcification in our population
should becarried out. Our study isastarting point. Weem-
phasize, aslimitations of our study, the predominance of
Caucasiansand of middle-classindividualsinour popula-
tion sample. Studieswith agreater number of individual sof
both sexes, and different ethnicitiesand socia classesare
being carried out.
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