
DOI: 10.1111/j.1540-8175.2011.01407.x
C© 2011, Wiley Periodicals, Inc.

ECHO ROUNDS Section Editor: Edmund Kenneth Kerut, M.D.

Coronary Risk Assessment and Arterial Age
Calculation Using Coronary Artery Calcium Scoring
and the Framingham Risk Score

Edmund Kenneth Kerut, M.D.

Heart Clinic of Louisiana, Marrero, Louisiana

(Echocardiography 2011;28:686-693)

Key words: coronary artery calcium score, coronary age, diabetes mellitus, Framingham, lifetime risk,
radiation

Accounting for one in five deaths, coronary
artery disease (CAD) is the leading cause of
death among Americans.1 Risk assessment for
future coronary events is important in manage-
ment of patients who have no symptoms of
cardiovascular disease (primary prevention). The
European Prospective Cardiovascular Münster
(PROCAM) Study and Systemic Coronary Risk
Evaluation (SCORE), along with the American
Framingham Heart Study are used to assess risk
clinically.2–4 These studies have made available
methods for calculation of an individual’s risk for
a future cardiovascular event.5–7

Traditional Cardiovascular Risk Assessment:
A Framingham Risk Score (FRS) for future ten-year
risk of coronary “hard” events (myocardial infarc-
tion or coronary death) is calculated (FRS Calcula-
tor) using the following risk factors: chronological
age, gender, total cholesterol, HDL cholesterol,
smoking history, systolic blood pressure, and cur-
rent use of hypertension medications.7 However,
several important risk factors, including metabolic
syndrome, obesity and family history are not in-
cluded in this FRS calculation. The FRS categorizes
coronary risk into: Low Risk (0% – 10%), Interme-
diate Risk (10% – 20%), and High Risk (>20%) for
myocardial infarction or coronary death over the
ensuing ten years.

In addition to the above, the category Inter-
mediate Risk may be further subdivided into Mod-
erate Risk and Moderately High Risk. Moderate Risk
involves those patients deemed FRS Low Risk,
but with two or more “risk factors,” and Mod-
erately High Risk involves those patients FRS In-
termediate Risk with two or more “risk factors.”
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Those risk factors for this “subclassification” are
cigarette smoking, hypertension (140/90 mmHg
or on therapy), low HDL (<40 mg/dL), family his-
tory of early heart disease (father or brother <55
years old, mother or sister <65 years old), and
age (45 or older males, 55 or older females). For
those with an HDL 60 mg/dL or higher, subtract
one risk factor.8

Dependent on the category into which a pa-
tient falls, aggressiveness of therapeutic lifestyle
changes (TLC)9 and lipid lowering goals are as
recommended by the National Cholesterol Edu-
cation Program Adult Treatment Panel III Guide-
lines (Table I).8

Risk Assessment Using Coronary Artery
Calcium Measurement:
Risk factors used for calculating the FRS, except
for age, which is an indicator of increasing plaque
burden through time, are believed to be causes
of coronary disease. While these directly con-
tribute to the atherosclerotic process, they are not
atherosclerosis per se.

The likelihood of a patient having a coronary
“hard” event is related to the total plaque burden
in the coronary arteries.10–12 As opposed to coro-
nary risk factors, coronary artery calcium (CAC)
is coronary artery atherosclerosis, as atherosclero-
sis is the only known disease process that is as-
sociated with CAC.13,14 Also, the extent of CAC
is related to the degree of atherosclerosis,11,12,15

representing about one fifth of the total plaque
burden (four-fifths of atherosclerotic plaque is
noncalcified).16,17 Therefore the “amount” of
CAC in a coronary tree is proportional to total
plaque burden.

While CAC is pathognomonic for coronary
atherosclerosis, it is not specific for obstructive
coronary disease, as both obstructive and nonob-
structive disease is partly composed of calcified
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TABLE I

ATP III Recommendations for TLC and Drug Therapy Based on Risk Category.8

Risk Category LDL Goal Initiate TLC Consider Drug Therapy

High <100 mg/dL∗ ≥100 mg/dL ≥100 mg/dL†
Moderately high <130 mg/dL ≥130 mg/dL ≥130 mg/dL‡
Moderate <130 mg/dL ≥130 mg/dL ≥160 mg/dL
Low <160 mg/dL ≥160 mg/dL ≥190 mg/dL§
∗Optional goal of <70 mg/dL.
†If baseline LDL is <100 mg/dL lipid lowering drug therapy is an option to achieve at least a 30–40% LDL reduction.
‡With LDL 100–129 mg/dL consider lipid lowering drug therapy to achieve an LDL < 100 mg/dL.
§For an LDL 160–189 mg/dL, lipid lowering drug therapy is optional.

plaque. In addition, the location of CAC within
the coronary tree only weakly correlates with that
site having obstructive disease.18,19 The probabil-
ity of significant obstructive disease somewhere
within the coronary vascular bed increases how-
ever, as the amount of CAC within the coronary
vessels increases.13,20,21

Detection of CAC has become a method of
evaluating a patient for risk of a coronary event.
While an increased amount of coronary calcium
may not be indicative of any significant obstruc-
tive coronary stenosis, it is associated with an in-
creased risk of future “hard” coronary events by its
reflection of total coronary atherosclerotic “bur-
den.”16,22,23

Several studies have reported prospectively
collected registries of initially asymptomatic pa-
tients after obtaining a baseline CAC Score.24–29

Most reported studies use the Agatston Scoring
method.30 This method was first described in
1990 as a method of quantification of CAC us-
ing ultrafast computed tomography (CT). A CAC
Score (reported in Agatston Units) of zero is desir-
able, 1–10 “minimal,” 11–100 “mild,” 101–399
“moderate,” and ≥400 “severe.”31

These prospective reports suggest that for the
ensuing 3–5 years, any amount of detected CAC
increases risk of cardiac “hard” events (myocar-
dial infarction or coronary death) by four times,
when compared to patients with no detectable
coronary calcium. Those without detected cal-
cium have a very low risk (0.11–0.4%) over the
same time period.32–34

Risk based on CAC Score may be further re-
fined, as there is a direct relationship of increas-
ing CAC Score with increasing cardiac risk. A CAC
Score of from 1 to 112 increases risk by ∼2×
(compared to a CAC Score of 0), 100–400 by
∼4×, 400–1,000 by ∼5×, and >1,000 by ∼7×.32

In addition, measurement of CAC Score improves
cardiac risk assessment independently and above
that provided by standard risk measures.24,27,35,36

As CAC is atherosclerosis and traditional risk fac-
tors are “markers” for the likelihood of develop-
ing disease; it is understandable how one’s CAC

Score is an independent predictor of future coro-
nary events.37,38

CAC Scoring Best in Intermediate FRS Group:
CAC Score measurements in FRS Low-Risk groups
generally do not alter prediction of cardiovascu-
lar outcomes.25,26 Even if a Low-Risk patient has a
high CAC Score, likelihood of coronary events re-
mains low.25 Likewise, patients deemed FRS High-
Risk generally do not benefit from CAC Score
measurements.32 A low CAC Score will not signif-
icantly lower CV risk in patients in the FRS High-
Risk category.39

Patients classified as Intermediate Risk by the
FRS often will be “reclassified” to a higher risk
group when CAC Score is added to risk assess-
ment.22,32 It may be justifiable to treat these pa-
tients more aggressively, as a CAC Score >300
is associated with increased rates of hard coro-
nary events.25 Similarly, in asymptomatic patients
a high CAC Score is more predictive of ensuing
CV events than marked perfusion defects by nu-
clear stress testing.40 Alternatively, a CAC Score
of zero may change these patients to a Low-Risk
group.32,24–26

Zero or Very Low CAC Scores:
A CAC Score of zero is associated with a very
low risk of a coronary event in the ensuing
few years, regardless the number of coronary
risk factors.33,41,42 A long-term registry up to
twelve years duration demonstrated a mortality
of 0.4%.43 Similarly, pooled data of over 16,000
patients with a CAC Score of zero had an esti-
mated 10-year event rate of 0.3% (0.027% per
year).33

The Multi-Ethnic Study of Atherosclerosis
(MESA) Study found only 8 of 3,409 subjects
with a zero CAC had a major cardiac event at
a mean of 3.8 years follow-up.44 Despite the low
risk of subsequent events, another study found
age, smoking, diabetes mellitus, and family his-
tory of heart disease as significant predictors of
mortality in patients with a CAC Score of zero.
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Smoking and diabetes mellitus were found to be
the highest predictors.45 These two risk factors
were also associated with an increased likelihood
of developing CAC during follow-up CAC scans.46

In distinction to asymptomatic patients, in a
cohort of symptomatic patients with chest pain,
the incidence of obstructive CAD in the setting
of a CAC Score of zero was significant (7.2% inci-
dence). Coronary obstruction was caused by non-
calcified atherosclerotic disease.47

In asymptomatic patients with a “low” CAC
Score (CAC Score 1–10) there is a more than
twofold increased risk of CV events43 and all cause
death45 compared to those with a CAC Score of
zero.

CAC in Type 2 Diabetes Mellitus:
Diabetes mellitus may be considered a CAD
equivalent.48–50 As up to 80% of persons with
diabetes will have a cardiovascular event, the Na-
tional Cholesterol Education Panel Guidelines rec-
ommend that patients with diabetes be managed
as a coronary heart disease risk equivalent, with
treatment following Adult Treatment Panel III rec-
ommendations.51

As many patients with diabetes have increased
risk of cardiovascular events in comparison to
nondiabetics, there are a group of patients at low
risk, and also a group at very high risk. These
groups appear not to be distinguishable based on
HgBA1C level, duration of diabetes, age, gender
or other cardiovascular risk factors.52 However,
insulin resistance, blood pressure and cholesterol
levels do appear to be independent risk factors
for prediction of coronary events in these asymp-
tomatic type 2 diabetics.52–53

The CAC Score is highly predictive of sub-
sequent CV events in asymptomatic diabet-
ics.52,54,55 There is an increased incidence of CAC
and also severity of CAC in diabetic patients and
also those with the metabolic syndrome.56,57 For
every incremental increase in CAC Score, there
is a larger increase in mortality for diabetic pa-
tients, compared to nondiabetics. However, di-
abetics with a CAC Score of zero have a similar
good prognosis compared to nondiabetics with a
CAC Score of zero.54

If a diabetic is already being treated maximally,
then CAC Scoring is of little benefit. Diabetic pa-
tients that may benefit from CAC Scoring may
include noncompliant patients (improved medi-
cal compliance when visualizing coronary calcium
on CT scanning), and younger diabetic patients
when choosing an age to begin intensive lipid
lowering therapies.55

Coronary Age:
Several investigators have introduced the concept
of “coronary age” as derived from a patient’s CAC

Score.25,58–63 This CAC Score derived “coronary
age” is then substituted for chronological age in
the FRS calculation to refine determination of car-
diovascular risk. In addition, this calculation of
coronary age allows the patient to better under-
stand “atherosclerotic burden” (“You are 52 years
old, but your arteries are a vascular age of 65
years”).

This method, as mentioned, is more predictive
of cardiovascular events, when the coronary age
is substituted for chronological age in the FRS cal-
culation of risk.61–63 There is, however, no predic-
tive advantage to present CAC Score in relation
to a patient’s age, gender, or race. A patient’s risk
based on the CAC Score is the same, no matter
the age, gender or ethnicity.61,62

Long Term “Lifetime” Cardiovascular Risk:
Absence of risk factors at age 50 years is associ-
ated with a very low lifetime risk for cardiovas-
cular events (lifetime risk to 95 years old). There
is a high lifetime risk in patients with intermedi-
ate or high risk factors at age 50 years.64 Also,
those with few risk factors in middle age have
been found to have a better quality of life after
∼25 years of follow-up compared to those with
intermediate or high risk factors.65

Individuals at age 50 years with ≥1 FRS risk
factor have lifetime risk of 39–70% despite a
10-year risk of < 10%.64 Even looking over the
relatively short-term future (3.75 year follow-up),
MESA found in women classified as low risk by
the FRS an increase in risk of sixfold those with
any CAC compared to those with a CAC Score
of zero. Those FRS Low-Risk females with a CAC
Score of ≥300 had a marked increased risk of car-
diovascular events (8.6%).66

Several clinical guidelines encourage evalua-
tion of long-term (lifetime) cardiovascular risk,
recognizing that many short-term risk patients
(10-year risk) are at high-risk for the long-
term.67–69 Using risk factors of total cholesterol
(>180 mg/dL), blood pressure (≥120/≥80 mm
Hg), smoker, diabetes64,70 many patients are clas-
sified as Low-Risk over ten years, but high risk over
a lifetime. Over a lifetime, these risk factors are
associated with a higher incidence of CAC and
higher CAC Scores at baseline.

CAC Scores increase at a greater rate in
patients with these risk factors.70,71 From this,
among patients ≤50 years old, two groups of
short-term risk patients are identified: those who
have a low lifetime cardiovascular risk, and those
with a high lifetime cardiovascular risk. These
groups are associated with correspondingly low
and high “subclinical atherosclerosis” and also
subsequent low and high rates of progression of
atherosclerosis, as evidence by the CAC Score.70
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Estimating a FRS 10-year risk as low may give the
patient a feeling of security, when in fact this is
not true over the course of a lifetime.72

Ionizing Radiation from the Coronary Artery
Calcium Score:
Obtaining a CAC Score involves a CT and hence
ionizing radiation.73,74 Radiation absorption asso-
ciated with measurement of a CAC Score is small
but quantifiable, generally ranging from 0.9 mSv
to 2.0 mSv. In comparison, the usual radiation
dose of a chest x-ray is 0.02–0.1 mSv and CT
chest about 7 mSv. For comparison, average en-
vironmental exposure yearly in the United States
is about 3 mSv.73–78

Although medical procedures generally in-
volve low radiation dose exposure, several inves-
tigators believe that a risk of cancer is present.
Based on models derived from World War II
atomic blast data the risk of cancer from 1 mSv
would equate to cancer developing in one per-
son out of 10,000. Other investigators, however,
believe that cancer risk is nonexistent below radi-
ation exposures less than 50–100 mSv.79

Coronary Artery Calcium Score and
Implications for Therapeutic Intervention:
Performance of serial CAC Score calculations for
following effects of therapy has yielded mixed re-
sults at best.80 The first study of sequential scans
(12–15 months apart) in asymptomatic patients
(n = 149) involved intervening with a statin (CAC
Score ≥30 baseline). Those treated with a statin
had a average progression of ∼5% with many
showing regression. The untreated group pro-
gressed ∼52%.81 The next report demonstrated
similar findings with statin therapy (n = 299
asymptomatic individuals) with progression over
∼1 year of ∼15% in treated and 39% in untreated
patients.82

A large cohort of patients (n = 4,609) referred
by primary physicians for CAC Score measure-
ments with repeat screening was analyzed. With
an average interscan time interval of 3.1 years,
progression of CAC was significantly associated
with mortality, independent of other traditional
risk factors.83 Similarly, the National Institutes of
Health MESA Study has obtained a second CAC
Score on a large cohort of patients, and is follow-
ing for cardiovascular events. Results will not be
ready until 2012 or 2013.84

The first prospective study involved asymp-
tomatic patients (n = 66) with a CAC Score ≥ 20
and LDL cholesterol > 130 mg/dL. Follow-up
scans (mean 14 months) was performed on no
statin therapy. CAC Scores progressed at a rate
of ∼27% from the initial scan. All 66 patients
were then treated with ceruvistatin 0.3 mg/day

and a final scan performed (12 months later).
CAC Scores subsequently regressed an average
3% (mean LDL values decreased from 152 mg/dL
to 88 mg/dL with therapy).85

Four prospective, double-blinded, random-
ized trials in asymptomatic patients evaluated
CAC Scores with statin intervention. All achieved
a significant improvement in LDL lowering, but
none found a statistically significant alteration of
temporal progression of CAC Score.80,86–89 The
largest trial, the St. Francis Heart Study, did find a
significant reduction in cardiovascular events, de-
spite no significant change in CAC Score progres-
sion.87 Further analysis did show that progression
of CAC Score along with baseline CAC Scores was
the strongest predictor of subsequent cardiovas-
cular events in these baseline asymptomatic pa-
tients.90

Recent lipid lowering studies documented re-
gression of carotid atherosclerosis using magnetic
resonance imaging (MRI), with slowing of dis-
ease progression and a decrease in the amount
of lipid-rich necrotic core.91 Using intravascular
ultrasound (IVUS), the ASTEROID trial (A Study to
Evaluate the Effect of Rosuvastatin on Intravascu-
lar Ultrasound-Derived Coronary Atheroma Bur-
den) (n = 349) used high dose statin therapy
(40 mg rosuvastatin) to document significant re-
duction of atheroma burden in coronary arteries
over 2 years.92

Cardiovascular progression of disease appears
to result from accumulation of lipid and fibrotic
materials. Likely, regression of disease involves re-
moval of lipid and necrotic materials. Fibrous and
calcified plaques are probably less likely to be re-
moved by statins, once formed. Improvement in
clinical outcomes probably is reflective of removal
of this noncalcified plaque.93

While coronary artery calcium represents ap-
proximately 20% of total coronary atherosclerotic
plaque burden, the CAC Score is a good predic-
tor of risk of future coronary events. However, it
may not serve as a good end-point for follow-up
of lipid-lowering drug interventions.16,17,80

Special Population: Coronary Artery Calcium
Scores in Patients with Renal Failure:
End-stage renal disease (ESRD) is associated with
accelerated extraskeletal calcification including
coronary artery calcification. Coronary artery cal-
cification in patients without renal failure nor-
mally occurs in the vessel intima (innermost ar-
terial layer), but with ESRD extensive calcification
of vessel tunica media is noted.94 CAC Scores in
ESRD patients are much higher and progress at
a faster rate than patients without renal failure
(∼100% increase over two years).95,96 It is rec-
ommended that patients with ESRD on dialysis
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be categorized as “highest risk,” and therefore
warrant aggressive coronary preventive therapy,
with treatment goals the same as if obstructive
coronary disease was evident.97

There may be an association of CAC Score
with cardiovascular disease and mortality in ESRD
patients.98,99 The Treat-to-Goal Study (n = 200)
was a randomized trial comparing a calcium-
free nonabsorbable polymer sevelamer to tradi-
tional calcium-based phosphate binders. Patients
on dialysis for at least three years were studied
at baseline, and then after 6 and 12 months of
therapy. Despite similar serum phosphorus, cal-
cium and parathyroid hormone levels, CAC Score
progressed in the traditional calcium-based phos-
phate binder group, while there was no signifi-
cant change in the sevelamer group. This differ-
ence was attributed to a lack of calcium overload
induced by calcium-based phosphate binders.100

Summary:
CAD is the leading cause of death among Ameri-
cans. Risk assessment for future coronary events is
important in management of asymptomatic pa-
tients. The FHS categorizes an individual as Low,
Intermediate or High-Risk for a coronary event
over the ensuing ten years, based on risk factors
(age, gender, total cholesterol, HDL cholesterol,
smoking history, systolic blood pressure, and cur-
rent use of hypertension medications). The like-
lihood of a patient having a coronary event is
related to total plaque burden in the coronaries.
Coronary artery calcium, found in the coronary
intimal layer, represents about one-fifth of total
plaque burden. It is coronary artery atheroscle-
rosis, but is not necessarily luminal obstructive
disease. The amount of coronary artery calcium
detected by CT, using the Agatston Score, is pre-
dictive of an asymptomatic patient’s risk of a fu-
ture coronary event.

The CAC Score may be converted to a “coro-
nary age.” This calculated age is substituted for
chronological age in the FRS Calculator to provide
a more accurate risk of future coronary events. It
appears that patients initially found to be an In-
termediate FRS risk may benefit most from the
CAC Score and use of the coronary age to further
refine risk.

Coronary lifetime risk describes risk of a coro-
nary event in asymptomatic individuals from mid-
dle age over the course of a lifetime. Many indi-
viduals at Low-Risk for the short-term (10 years)
are at high lifetime risk. This may influence one’s
decision about use of lipid lowering therapies.

Calculation of a CAC Score is a radiological
procedure using ionizing radiation, albeit a low
dose ranging from 0.9 to 2.0 mSv. Using one
model of effects from radiation exposure, approx-

imately one individual in 10,000 would be ex-
pected to develop cancer from exposure to a dose
of 1 mSv.

Lipid lowering therapy reduces coronary risk. It
appears to reduce noncalcified plaque as detected
by MRI and IVUS. Prospective studies measuring
CAC Score have not uniformly shown a reduction
in calcified plaque, therefore this methodology
may not be a good way to sequentially follow
results of lipid lowering therapies.

Patients with diabetes and also ESRD are coro-
nary high-risk equivalents. Coronary artery cal-
cium is more prevalent in these two disorders.
A CAC Score in a diabetic patient represents
a higher future risk than a nondiabetic individ-
ual with the same score, but a CAC Score of
zero carries nearly the same low risk as a non-
diabetic with a CAC Score of zero. ESRD pa-
tients have coronary calcium notably in the tu-
nica media layer. There may be an association of
CAC Score with coronary disease and mortality in
ESRD patients. Treatment with calcium-free non-
absorbable phosphate binders has been noted to
halt progression of coronary artery calcium.

It appears that measurement of the CAC Score
may be of most benefit to individuals categorized
by the FRS as Intermediate Risk. By substituting
the “coronary age” for chronological age in the
FRS Calculator, many of these individuals are re-
categorized as High-Risk, and should be more ag-
gressively treated to reduce risk of future cardio-
vascular events.
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