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INTRODUCTION

Cardiovascular disease (CVD) which includes coronary artery disease (CAD),
stroke and peripheral vascular disease, is the leading cause of death in developed and
in most developing countries'. The last decades have shown an impressive reduction
in the rate of death from cardiac disease, both due to disease-specific therapies but
mainly due to the widespread implementation of primary and secondary prevention
strategies, that target modifiable risk factors®*. The increasing prevalence of type 2
diabetes mellitus and obesity will probably have a negative impact on CVD preven-
tion and treatment.

The Adult Treatment Panel 111 (ATP III) of the National Cholesterol Education
Program (NCEP) has provided clinicians with recommendations regarding primary
and secondary prevention of cardiovascular disease’, based on Framingham risk score.
Nevertheless, such a risk factor assessment would only predict 60-65% of cardiovas-
cular events, and a substantial number of episodes occur in patients categorized in
the low or moderate risk categories®, who would not be considered candidates for the
most aggressive prevention strategies. Such an observation has led investigators to
search for novel risk factors, as well as new means of diagnosing subclinical coronary
artery disease in order to identify more subjects that could benefit from intensive risk
factor modification.

High-sensitivity C-reactive protein (hsCRP) is an inflammatory biomarker which
has been shown to be a significant contributor to the prediction of CAD’. The re-
cently published JUPITER study?®, has renewed interest on the importance of hsCRP,
since the results showed an impressive reduction of cardiovascular risk with the use
of a statin not for hyperlipidemia but for elevated hsCRP levels. On the other hand,
coronary artery calcium (CAC) is a sensitive indicator of atherosclerosis and has also
been studied in risk stratification’. The present review will focus on the value of the
above indices as a means to better identify individuals at high risk in order to offer
them appropriate prevention measures.

ATP III GUIDELINES

ATP III guidelines have been the most widely used tool for individual risk assess-
ment. They are based on the Framingham risk score, which takes into account age,
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gender, family history of premature CAD, smoking status,
blood pressure levels, as well as total and HDL cholesterol.
According to these criteria, patients are categorized into low
risk, if their calculated 10-year risk is less than 10%, and high
risk, if they have known CAD or a CAD-equivalent such as
diabetes mellitus, symptomatic carotid disease, abdominal
aortic aneurysm, peripheral vascular disease or if their calcu-
lated 10-year risk exceeds 20%. The intermediate risk category
hasbeen further divided into moderate risk, for those that have
two or more of the above risk factors and a 10-year risk less
than 10%, and moderately high risk, if the 10-year risk is 10-
20%. Only the high risk patients would be offered aggressive
preventive measures and yet a great number of cardiovascular
events happen in the intermediate risk patients. In particular,
astudy which included previously asymptomatic young adults,
hospitalized for a first myocardial infarction, showed that 75%
would not have been candidates for statin therapy, accord-
ing to ATP III guidelines'. There is also evidence that the
Framingham risk score does not perform well in women''. As
the treatment of all intermediate risk patients would not be
cost-efficient, the need for further risk stratification in order
to improve patient selection is evident.

One of the innate drawbacks of the Framingham and
other risk models is that they estimate a patient’s risk based
on population studies, without taking into account the actual
presence of atherosclerotic disease in a particular patient. Only
an imaging technique with adequate sensitivity and specificity
could assist in this matter by providing direct evidence of the
absence or presence, as well the extent of atherosclerosis.

CORONARY ARTERY CALCIUM (CAC)
SCORE

Atherosclerotic plaques are known to acquire calcium
via a process that resembles normal bone formation. The
lipid core is the first to be calcified and although the whole
mechanism is not known, it seems that the apoptotic cells
play the role of nuclei in order to start the accumulation of
calcium'. The correlation between calcification and vascular
disease has been known for many years and the first report
to demonstrate the diagnostic and prognostic significance of
CAC was published in 1980". Since then, the development of
Electron- Beam Computed Tomography (EBCT) and more
recently of Multi-Detector Computed Tomography (MDCT),
has permitted a quantitative assessment of coronary artery
calcium, providing accurate and reproducible data®™.

The most widely used tool for quantification of coronary
calcium is the Agatston score”. EBCT was the first CT
technique to be used and although modern technology has
allowed improved visualization of the beating heart, with
little or no motion artifact through MDCT, most of the
data regarding CAC has been from studies utilizing EBCT.

Due to the important technical differences between the two
modes, there is some debate whether the results of one can
be compared to those of the other™. Although a direct head-
to-head comparison between the two methods would no be
feasible, there is evidence showing that their scores have a
similar significance!”.

Calcium is not present in normal coronary arteries.
Therefore, coronary calcification with very rare exceptions is a
marker of underlying atherosclerosis. The close association of
CAC and atherosclerotic burden was studied with histopathol-
ogy and intravascular ultrasound'®". Although the presence
of calcium denotes atherosclerosis, it does not necessarily
mean obstructive lesions. In the aforementioned autopsy study,
the authors found that the burden of non-calcified plaques
was five times higher than the calcified ones. There lies the
main difference between CAC scoring and the various forms
of stress testing, as the latter aim to identify flow-limiting
disease. The prognosis of coronary artery disease, however,
is more closely related to the extent of atherosclerosis than to
a particular stenosis severity>*>!.

Coronary artery calcium scores tend to be higher in older
patients, which correlates with advanced CAD, and also in
men, compared to women*’. The most commonly used clas-
sification for CAC score is as follows™*:

¢ (: no identifiable disease

e <100: mild disease

¢ 100-400: moderate disease
e >400: severe disease

A large cohort study of more than 6000 initially asymp-
tomatic adults who were followed up for a median of 3.8
years®, showed that a higher CAC score is associated with
higher events rate, although, even with the high scores the
event rate was only 1% per year. The predictive role of CAC
score in this Multi-Ethnic Study of Atherosclerosis (MESA)
was demonstrated for whites as well as for blacks, Hispanics
and Chinese. Despite a higher prevalence of CAC and higher
scores in white patients, it appears that CAC is an important
marker of risk in all races.

With respect to age, it should be noted that younger adults
may have atherosclerotic plaques with no calcification with
the obvious risk of rupture, to create an acute coronary event.
Yet, any degree of calcification, even a mild score, would
place them in a high risk percentile, compared to age- and
sex-matched controls. Framingham risk calculation has the
same limitations, since the 10-year risk in a younger adult
would not be high even in the existence of multiple risk factors,
and some have proposed that calculating the life-time risk in
this age group would be more appropriate®.

Although, as already mentioned, the purpose of CAC
scoring is not the identification of obstructive disease, there
are data showing that a low CAC score is associated with a
low probability of abnormal SPECT?. The above study also
showed that CAC score may be raised even in the absence
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of perfusion abnormalities. Another study of asymptomatic
individuals undergoing both SPECT and EBCT, showed that
CAC predicted an abnormal SPECT regardless of age or sex,
and the higher the CAC score the more likely it was to have
a perfusion abnormality®.

CAC scoring was also shown to help in the prognostic
evaluation of asymptomatic individuals and the risk of death
increased proportionally to the baseline calcium scores®.
Moreover, data analysis utilizing both traditional risk factors
and CAC score showed that coronary calcium provides inde-
pendent incremental information in addition to traditional risk
factors in the prediction of all-cause mortality. A meta-analysis
of four trials* concluded that despite the observed variability
in the relative risk estimate between studies, CAC score is an
independent predictor of coronary heart disease events.

CAC score has been proven to be predictive of adverse CV
events in the elderly. The prospective Rotterdam study which
included CAC scoring and traditional risk factor measurement
showed an improved cardiovascular risk prediction in the older
age group®. Moreover, a more recent study, which included a
large number of patients over 70 years, showed that increasing
CAC score was predictive of decreased survival rates in all
age groups, even in the elderly®. Of equal importance was the
observation that more than 40% of the elderly patients were
reclassified to a lower or higher risk category using the CAC
score, compared to their original classification based on the
Framingham risk score.

Anincreased degree of calcification of the coronary arter-
ies has been demonstrated in subjects with type 1 and type 2
diabetes mellitus and insulin resistance™*. A study comparing
diabetic and non-diabetic patients, undergoing CAC scoring,
showed a higher mortality rate in the former patients, for any
given degree of CAC score™.

Several studies have also examined the utility of CAC
in women. Raggi et al showed that CAC scores were lower
in women compared to men, but its addition to traditional
risk calculation offered incremental prognostic value®. A
meta-analysis, comparing the usefulness of coronary artery
calcium in men and women, concluded that CAC is equally
accurate in estimating all-cause mortality and CAD death in
both genders*®.

CAC SCREENING AND FRAMINGHAM
RISK SCORE (FRS)

Taking into consideration all of the above data, the ques-
tion is who should be screened using the CAC score. The
Bayesian theorem provides a useful start point, as the post-test
probability of events depends also on the pre-test likelihood
of the patient’s risk. In other words, if a patient has an initially
low probability of having CAD, the addition of CAC would
obviously increase the risk but even so, the resulting post-test
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risk would still be low. Similarly, patients classified as high risk
according to ATP III, would still merit preventive measures
even if their CAC score was low.

There are reports, showing that CAC scoring in low risk
subjects is not useful in modifying risk prediction®>*. The
study by Greenland et al¥’, concluded that a high CAC score
can significantly modify risk prediction in patients with an
intermediate traditional FRS of 10-20%. In other words, the
absence of coronary calcium might shift these patients to a
low-risk category, while a high CAC would indicate a high
level of risk. On the contrary, CAC was not useful in patients
with FRS less than 10% or more than 20%, and the clinical
approach to those patients would not be modified.

Therefore it appears prudent to use CAC scoring se-
lectively, in those patients with an intermediate FRS. The
authors of the ACCF/AHA expert consensus document on
coronary artery calcium scoring, stated that intermediate-risk
FRS patients with a CAC score greater than or equal to 400
would have an increased risk of adverse CV events, enough
to place them in the high-risk category of CAD- equivalent,
thus warranting aggressive preventive measures'*.

IS CAC TESTING SAFE?

Obviously, there is a radiation burden associated with
the use of both EBCT scanning (0.6 to 1 mSv) and MDCT
(0.9 to 2 mSv) that needs to be taken into account, especially
if serial testing is considered to monitor CAD progression’.
In comparison, a chest radiograph has a dose of 0.01 to 0.02
mSv. It has been reported that a dose of 2.3 mSv can increase
the probability of cancer®. Thus, the use of CAC scoring in
a widespread population would need to take radiation safety
into account.

Therefore, the question arises whether a novel marker
of CAD such as high-sensitivity C-reactive protein (hs-
CRP) might be a cheaper, safer and easier way to reclassify
intermediate-risk patients and thus modify their risk factor
modification.

HIGH-SENSITIVITY CRP (HS-CRP)
AND THE JUPITER TRIAL

There are sufficient data both from experimental and
population based studies, to show that atherosclerosis has
an inflammatory component®. Inflammation not only par-
ticipates in atheroma formation but also contributes to the
vulnerability and plaque rupture or erosion*. CRP is an acute
phase protein, secreted by the liver, in response to systemic
cytokines such as interleukin 1§ and 6 and tumor necrosis
factor a. Whether CRP has a pathogenetic role in the develop-
ment of cardiovascular disease, or is an non specific marker
of the acute phase response to inflammation, is an unresolved
question*>®,
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Traditional assays, used for patients with infectious or
inflammatory disorders, have a detection limit of 3 to 5 mg/L
which is above the levels of most healthy subjects. High-sen-
sitivity methods have been developed that detect levels as
low as 0.3mg/L and these have been used for cardiovascular
risk stratification. A statement from the Centers for Disease
Control and Prevention and the American Heart Association
(CDC/AHA) concluded that the average of two measure-
ments, two weeks apart, rather than a single one should be used
and the cutoff values for low, average and high levels should be
less than 1 mg/L, 1 to 3 mg/L and above 3 mg/L respectively.
There is definitely variability in hsCRP levels over time, which
reflects the change in the systemic inflammatory status. This
was demonstrated in a study of stable ischemic heart disease
patients, where the second measurement resulted in 40% of
the patients changing risk category*.

High-sensitivity CRP has been proposed as a useful bio-
marker for the prediction of CVD risk stratification. A useful
biomarker is one that is easy to obtain, accurate, reproduc-
ible, internationally standardized, adds to clinical knowledge,
provides risk information, on top of other known predictors
and helps in risk classification and patients’ therapy®. Many
studies have shown that increased levels of hs-CRP are as-
sociated with an increased risk of cardiovascular events even
after adjustment for traditional risk factors*’. The multivariate
analysis of hsCRP and traditional risk factors, to assess their
predictive value on CV risk has revealed that the strength of
hs-CRP is similar to the one of LDL, systolic blood pressure
and cigarette smoking. Moreover, several trials have shown
that the addition of hs-CRP to other risk factors, results in
reclassification of a significant number of patients to a differ-
ent risk category”’. Similar trials have shown the association of
hsCRP with the development of type 2 diabetes mellitus and
metabolic syndrome as well as an increased risk of stroke*.

The JUPITER trial was designed to investigate the effect
of statin treatment in a population with only average LDL
levels but with elevated hsCRP*. Patients with an LDL level
below 130 mg/dl and a CRP of at least 2 mg/dl were randomly
assigned to treatment with rosuvastatin 20mg or placebo. Al-
though the trial was estimated to last 4 years, it was terminated
early, after approximately 2 years of follow-up due to the ben-
eficial effect of rosuvastatin on the primary endpoint ( cardio-
vascular death, myocardial infarction, stroke, hospitalization
for unstable angina or arterial revascularization) and all cause
mortality. The cumulative incidence of cardiovascular events
was reduced by 44% and all cause mortality was reduced by
approximately 20%. The benefit of statin treatment was seen in
various subgroups such as women, patients with metabolic syn-
drome and the elderly. Although rosuvastatin demonstrated
an excellent safety profile, similar to other statins currently
used, an increased incidence of physician reported diabetes
was shown on the JUPITER trial. This finding has also been
observed in other statin trials***.

Other studies such as the CARE trial have shown that
statins lower hsCRP levels®. This is believed to be part of the
multiple antiatherogenic effects of statins which have been
shown to have an anti-inflammatory action. Moreover, statins
reduce CRP levels in a manner similar to LDL, i.e. the more
potent drugs have the greatest effects on hsCRP lowering.

The JUPITER trial was the first to demonstrate that a
much larger subset of patients may be eligible for statin therapy
in primary prevention. A simple and reproducible marker such
as hsCRP can be utilized to discriminate a higher risk category
than the one estimated by the Framingham risk score. These
patients might also benefit not only from statin treatment but
also from low-dose aspirin as has already been shown in the
Physicians Health Study®. The number needed to treat to
prevent a CV event in the JUPITER trial was calculated to be
25, which is acceptable and cost effective for primary preven-
tion. Moreover, many studies have shown that the best results
are reached in high-risk patients on statin treatment who
achieve both LDL and hsCRP reductions®>*. Thus, hsCRP
could also serve as a follow-up marker of cardiovascular risk
reduction, and potentially as an important therapeutic goal
beyond LDL.

CONCLUSION

Cardiovascular diseases continue to be the leading cause
of death in the developed world. A better risk prediction is
definitely needed to lower morbidity and mortality by primary
prevention measures. The effects of Framingham risk score
calculation can be improved by both hsCRP measurement and
coronary artery calcium scoring. More trials are needed in
order to further estimate and compare their relative efficacy
in improving risk estimation especially in the intermediate
risk patients who need it more.

REFERENCES

1. Lloyd-Jones D, Adams R, Carnethon M, et al. Heart disease
and stroke statistics — 2009 update: a report from the Ameri-
can Heart Association Statistics Committee and Stroke Statis-
tics Subcommittee. Circulation 2009;119:¢21-e181.

2. Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in
U.S. deaths from coronary disease, 1980-2000. N Engl J Med
2007;356:2388-98.

3. Capewell S, Morrison CE, McMurray JJ. Contribution of mod-
ern cardiovascular treatment and risk factor changes to the de-
cline in coronary heart disease mortality in Scotland between
1975 and 1994. Heart 1999;81:380-6.

4. Capewell S, Beaglehole R, Seddon M, McMurray J. Explana-
tion for the decline in coronary heart disease mortality rates in
Auckland, New Zealand, between 1982 and 1993. Circulation
2000;102:1511-6.

175



10.

11.

12.

13.

14.

15

16.

17.

18.

19.

176

HOSPITAL CHRONICLES, SUPPLEMENT 2010

. Grundy SM, Cleeman JI, Merz CN, et al. Implications of recent

clinical trials for the National Cholesterol Education Program
Adult Treatment Panel III guidelines. Circulation 2004;110:227-
39.

. Raggi P. Coronary-calcium screening to improve risk stratifica-

tion in primary prevention. J La State Med Soc 2002;154:314—
18.

. Pai JK, Pischon T, Ma J, et al. Inflammatory markers and the

risk of coronary heart disease in men and women. N EnglJ Med
2004;351:2599-610.

. Ridker PM; Danielson E; Fonseca FA, et al. Rosuvastatin to

prevent vascular events in men and women with elevated C-re-
active protein. N Engl J Med 2008;359:2195-207.

. Budoff MJ, Achenbach S, Blumenthal RS, et al. Assessment

of coronary artery disease by cardiac computed tomography.
A Statement from the American Heart Association Commit-
tee on Cardiovascular Imaging and Intervention, Council on
Cardiovascular Radiology and Intervention, and Committee on
Cardiac Imaging, Council on Clinical Cardiology. Circulation
2006;114:1761-91.

Akosah KO, Shaper A, Cogbill C, et al. Preventing myocardial
infarction in the young adult in the first place: how do the Na-
tional Cholesterol Education Panel IIT guidelines perform? J
Am Coll Cardiol 2003;41:1475-9.

Michos ED, Nasir K, Braunstein JB, et al. Framingham risk
equation underestimates subclinical atherosclerosis risk in
asymptomatic women. Atherosclerosis 2006;184:201-06.
Doherty TM, Asotra K, Fitzpatrick LA, et al. Calcification in
atherosclerosis: bone biology and chronic inflammation at the
arterial crossroads. Proc Natl Acad Sci USA 2003;100:11201-6.
Margolis JR, Chen JT, Kong Y, Peter RH, Behar VS, Kisslo JA.
The diagnostic and prognostic significance of coronary artery
calcification. A report of 800 cases. Radiology 1980;137:609-16.
Greenland P, Bonow RO, Brundage BH, et al. ACCF/AHA
2007 clinical expert consensus document on coronary artery cal-
cium scoring by computed tomography in global cardiovascular
risk assessment and in evaluation of patients with chest pain: a
report of the American College of Cardiology Foundation Clini-
cal Expert Consensus Task Force. Circulation 2007;115:402-26.

. Agatston AS, Janowitz WR, Hildner FJ et al. Quantification of

coronary artery calcium using ultrafast computed tomography.
J Am Coll Cardiol 1990;15:827-32.

Goldin JG, Yoon HC, Greaser LE 3rd et al. Spiral versus elec-
tron-beam CT for coronary artery calcium scoring. Radiology
2001;221:213-21.

Horiguchi J, Yamamoto H, Akiyama Y et al. Coronary artery
calcium scoring using 16-MDCT and a retrospective ECG-gat-
ing reconstruction algorithm. Am J Roentgenol 2004;183:103-8.
Rumberger JA, Simons DB, Fitzpatrick LA et al. Coronary ar-
tery calcium area by electron-beam computed tomography and
coronary atherosclerotic plaque area. A histopathologic cor-
relative study. Circulation 1995;92:2157-62.

Baumgart D, Schmermund A, Goerge G et al. Comparison of
electron beam computed tomography with intracoronary ultra-
sound and coronary angiography for detection of coronary ath-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

erosclerosis. J Am Coll Cardiol 1997;30:57-64.

Stary HC, Chandler RE, Dinsmore RE, et al. A definition of
advanced types of atherosclerotic lesions and a histological clas-
sification of atherosclerosis. A report from the Committee on
Vascular lesions of the Council on Arteriosclerosis. American
Heart Association. Circulation 2003;92:1355-74.

Schmermund A, Baumgart D, Goerge G, et al. Coronary artery
calcium in acute coronary syndromes: a comparative study of
electron beam computed tomography, coronary angiography,
and intracoronary ultrasound in survivors of acute myocardial
infarction and unstable angina. Circulation 1997,96:1461-9.
Hoff JA, Chomka EV, Krainik AJ et al. Age and gender distri-
butions of coronary artery calcium detected by electron beam
tomography in 35,246 adults. Am J Cardiol 2001;87: 1335-9.
Rumberger JA, Brundage BH, Rader DJ et al. Electron beam
computed tomographic coronary calcium scanning: a review
and guidelines for use in asymptomatic persons. Mayo Clin Proc
1999;74:243-52.

Pletcher MJ, Tice JA, Pignone M et al. Using the coronary artery
calcium score to predict coronary heart disease events: a system-
atic review and meta-analysis. Arch Intern Med 2004;164:1285-92.
Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a
predictor of coronary events in four racial or ethnic groups. N
Engl ] Med 2008;358:1336-45.

Lloyd-Jones DM, Leip EP, Larson MG, et al. Predictors of life-
time risk for cardiovascular disease by risk factor burden at 50
years of age. Circulation 2006;113: 791-8.

Berman DS, Wong ND, Gransar H, et al. 2004. Relationship
between stress induced myocardial ischemia and atherosclerosis
measured by coronary calcium tomography. J Am Coll Cardiol,
2004;44:923-30.

He ZX, Hedrick TD, Pratt CM et al. Severity of coronary artery
calcification by electron beam computed tomography predicts
silent myocardial ischemia. Circulation 2000;101:244-51.

Shaw LJ, Raggi P, Schisterman E, et al. Prognostic value of
cardiac risk factors and coronary artery calcium screening for
all-cause mortality. Radiology 2003;28:826-33.

Vliegenthart R, Oudkerk M, Hofman A, et al. Coronary calci-
fication improves cardiovascular risk prediction in the elderly.
Circulation 2005;112: 572-17.

Raggi P, Gongora MC, Gopal A, et al. Coronary artery calcium
to predict all-cause mortality in elderly men and women. J Am
Coll Cardiol 2008;52:17-23.

Dabelea D, Kinney G, Snell-Bergeon JK, et al. Effect of type 1
diabetes on the gender difference in coronary artery calcifica-
tion: a role for insulin resistance? The Coronary Artery Cal-
cification in Type 1 diabetes (CACTI) Study. Diabetes 2003;
52:2833-9.

Meigs JB, Larson MG, D’Agostino RB, et al. Coronary artery
calcification in type 2 diabetes and insulin resistance: the Fram-
ingham Offspring Study. Diabetes Care 2002;25:1313-9.

Raggi P, Shaw LJ, Berman DS, et al. Prognostic value of coro-
nary artery calcium screening in subjects with and without dia-
betes. J Am Coll Cardiol 2004;43:1663-9.

Raggi P, Shaw LJ, Berman DS, et al. Gender-based differences



INTERMEDIATE CAD RISK PATIENTS: RECLASSIFICATION WITH CORONARY CALCIUM SCORING OR STATIN THERAPY?

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

in the prognostic value of coronary calcification. J Womens
Health (Larchmt) 2004;13: 273-83.

Bellasi A, Lacey C, Taylor AJ, et al. Comparison of prognos-
tic usefulness of coronary artery calcium in men versus women
(results from a meta- and pooled analysis estimating all-cause
mortality and coronary heart disease death or myocardial inf-
arction). Am J Cardiol 2007;100:409-14.

Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC.
Coronary artery calcium score combined with Framingham
score for risk prediction in asymptomatic individuals. JAMA
2004;291: 210 -5.

Kondos GT, Hoff JA, Sevrukov A, et al. Electron-beam tomog-
raphy coronary artery calcium and cardiac events: a 37-month
follow-up of 5635 initially asymptomatic low- to intermediate-
risk adults. Circulation 2003;107:2571- 6.

Kim KP, Einstein AJ, Berrington de Gonzélez A. Coronary ar-
tery calcification screening: estimated radiation dose and can-
cer risk. Arch Intern Med 2009;169: 1188-94.

Ross R. Atherosclerosis—an inflammatory disease. N Engl J
Med 1999;340:115-26.

Libby P, Ridker PM. Inflammation and atherothrombosis from
population biology and bench research to clinical practice.J Am
Coll Cardiol 2006;48(Suppl):A33- 46.

Nilsson, J. CRP--marker or maker of cardiovascular disecase?
Arterioscler Thromb Vasc Biol 2005; 25:1527.

Scirica, BM, Morrow, DA. Is C-reactive protein an innocent
bystander or proatherogenic culprit? The verdict is still out.
Circulation 2006; 113:2128.

Bogaty P, Brophy JM, Boyer L et al. Fluctuating inflammatory
markers in patients with stable ischemic heart disease. Arch In-
tern Med 2005;165:221-6.

Vasan RS. Biomarkers of cardiovascular disease: molecular ba-
sis and practical considerations. Circulation 2006;113:2335- 62.
Musunuru K, Kral BG, Blumenthal RS, et al. The use of high-

47.

48.

49.

50.

51.

52.

53.

54.

sensitivity assays for C-reactive protein in clinical practice. Nat
Clin Pract Cardiovasc Med 2008;5:621-35.

Mora S, Musunuru K, Blumenthal RS. The Clinical Utility of
High-Sensitivity C-Reactive Protein in Cardiovascular Disease
and the Potential Implication of JUPITER on Current Practice
Guidelines. Clinical Chemistry 2009; 55:2 219-228.

Ridker PM, Danielson E, Fonseca FAH, et al. Rosuvastatin to
prevent vascular events in men and women with elevated C-re-
active protein. N Engl J Med 2008; 359:2195-207.

Collins R, Armitage J, Parish S, Sleigh P, Peto R, Heart Protec-
tion Study Collaborative Group. MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin in 5963 people
with diabetes: a randomised placebo-controlled trial. Lancet
2003;361:2005-16.

Sever PS, Dahlof B, Poulter NR, et al. Prevention of coronary
and stroke events with atorvastatin in hypertensive patients who
have average or lower-than-average cholesterol concentrations,
in the Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Low-
ering Arm (ASCOTLLA): a multicentre randomised controlled
trial. Lancet 2003;361:1149-58.

Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E. Long-
term effects of pravastatin on plasma concentration of C-reac-
tive protein. The Cholesterol and Recurrent Events (CARE)
Investigators. Circulation 1999;100:230 -5.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens
CH. Inflammation, aspirin, and the risk of cardiovascular dis-
ease in apparently healthy men. N Engl J Med 1997;336:973-9.
Morrow DA, de Lemos JA, Sabatine MS, et al. Clinical rel-
evance of C-reactive protein during follow-up of patients with
acute coronary syndromes in the Aggrastat to Zocor trial. Cir-
culation 2006;114:281- 8.

Ridker PM, Cannon CP, Morrow D, et al. C-reactive pro-
tein levels and outcomes after statin therapy. N Engl J Med
2005;352:20-8.

177



