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ABSTRACT

The importance of infl ammation in the etiology of vascular 
events is becoming more obvious, as a result of both clinical 
and laboratory studies. C-Reactive Protein (CRP), a non-
specifi c indicator of infl ammation, has emerged as a useful 
parameter for assessing individual risk of cardiovascular 
disease and acute events. When added to conventional mea-
surements such as cholesterol fractions (LDL and HDL), 
CRP enhances their discriminatory power.

INTRODUCTION

Although most patients who manifest heart disease 
have one or more cardiovascular risk factors, some who 
lack any of these risk factors may still be vulnerable. 
Data from a 26 year follow-up of patients in the original 
Framingham Heart Study demonstrate that perhaps 
35% of coronary heart disease occurs in those with total 
cholesterols of <200 mg/dl. Clearly, there is more to the 
story than just cholesterol.

THEORETICAL BASIS

For decades pathologists have observed an infl amma-
tory infi ltrate at the site of the culprit plaque in patients 
who die from myocardial infarction, but in early studies 
it wasn’t clear whether the infi ltrate developed before 
or after the infarction. A clue to resolving this dilemma 
came from epidemiologic data that indicated an increase 
in the rate of vascular events in patients recovering from 
acute illness and surgery, both of which are known to 
evoke an infl ammatory response. Subsequent reports 
confi rmed the presence of elevated infl ammatory markers 
in such patients—suggesting that infl ammation indeed 
preceded the vascular events.1

Additional evidence supporting the role of infl ammation 
in vascular events arose from studies of HMG Co-A 
reductase inhibitors (statins). These drugs reduce primary 
and secondary cardiovascular events out of all proportion 
to the degree they lower lipids.2 One explanation for their 
effects may lie in the association between cholesterol 
production and the activation of Rho-associated kinase, 
which shares the same metabolic pathway. Activation of 

Rho-kinase appears to play a key adverse role in cardio-
vascular disease by down-regulating endothelial nitric 
oxide synthase, as well as by promoting thrombosis and 
vasospasm, infl ammatory cell migration, and oxidative 
stress. Fasudil, a specifi c inhibitor of Rho-kinase, has been 
effective in treating cerebral and coronary vasospasm, 
angina, pulmonary hypertension and heart failure.3 
Similarly, HMG Co-A reductase inhibitors, which act 
early in the synthetic pathway, prevent activation of 
Rho-kinase, which may account for their multi-faceted 
effects.

C-REACTIVE PROTEIN

C-Reactive Protein was first identified bound to the 
C-polysaccharide of the pneumococcal cell wall (hence it’s 
name), and is a fundamental component of the immune 
response. CRP is a non-specifi c marker of infl ammation, and 
assays for its measurement have been available for decades. 
The structure of this pentameric molecule is remarkably 
stable over time, allowing measurement of many thousands 
of stored serum samples in large data bases. These mea-
surements form the basis for the initial observations tying 
infl ammatory markers to clinical outcomes. 

Levels of traditional, or “non high sensitivity” CRP, vary 
signifi cantly in diseases such as rheumatoid arthritis, but 
the assay is not suffi ciently sensitive at the low range. 
“High sensitivity” CRP (hs-CRP) uses a different assay 
that is able to detect these low-range differences, and 
has thus become the main focus of research in vascular 
infl ammation.

Most CRP is produced in the liver, though it is also 
made by vascular endothelium. Increased CRP levels are 
associated with increased body-mass index, advanced 
age, hypertension, insulin resistance, diabetes, tobacco 
use, chronic kidney disease, decreased left ventricular 
function, extensive atherosclerosis, active infection, and 
depression.

Conditioned athletes have lower CRP levels, and the 
degree of reduction correlates with the intensity of 
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training. Given the strong inverse association between 
cardiovascular events and physical activity, CRP reduc-
tion has been postulated as a possible mechanism for this 
benefi cial effect.

Obese patients have higher CRP levels and higher 
cardiovascular risk. Adipocytes produce large basal 
quantities of interleukin-6, a potent stimulus of CRP 
production.4 In a study of healthy obese women placed 
on a restricted calorie diet, the degree of CRP reduction 
correlated with the degree of weight loss.5

EPIDEMIOLOGIC STUDIES

Substantial data now link elevated levels of C-reactive 
protein (CRP) with vascular events. 

The Physician’s Health Study followed almost 22,000 
healthy men for 8-10 years. For men in the quartile with 
the highest CRP, the risk of myocardial infarction (MI) 
was 3� that of men in the lowest quartile (p < 0.001), and 
the risk of stroke was twice as great (p = 0.02). The higher 
relative risk was constant over time during the 10 year 
 follow-up period, indicating that high CRPs were probably 
not related to pre-clinical or sub-clinical ischemia. 

Aspirin was beneficial in preventing MI mainly in 
patients with the highest CRPs, causing a signifi cant 
(55.7%, p = 0.02%) reduction in relative risk of MI in 
the highest CRP quartile, but no signifi cant reduction 
in the lowest quartile (13.9%, p = 0.77).

Eleven different atherothrombotic markers were evalu-
ated for their ability to predict the development of 
peripheral arterial disease. As expected, the best lipid 
predictor was the total cholesterol:HDL ratio, whereas 
CRP proved to be the strongest non-lipid predictor when 
the highest quartile was compared to the lowest, with a 
2.8 fold increase in relative risk. The addition of CRP 
to standard lipid measurements increased their ability to 
portend risk (P < 0.001).6

The Women’s Health Study followed 28,263 mostly 
postmenopausal healthy women for 3 years after baseline 
CRP measurements. Twelve lipid and non-lipid markers 
were analyzed in relation to the incidence of death from 
coronary heart disease, non-fatal myocardial infarction, 
stroke, and the need for coronary revascularization.7 The 
risk of events for each marker was compared between the 
highest and lowest quartiles. Of the 12 markers, CRP was 

the strongest predictor of coronary events by univariate 
analysis. The quartile with the highest CRP had 4.4 � 
the risk of the lowest quartile (p < 0.001). Multivariate 
analysis that adjusted for age, body-mass index, smoking, 
diabetes, hypertension, and premature family history of 
CHD, showed that only CRP and the total cholesterol:
HDL-cholesterol ratio predicted cardiovascular events 
(p = 0.02).

Further, there were consistent increases in cardiovascular 
events with rising levels of hs-CRP. Subgroup analysis 
of low-risk women with no history of hypertension, 
hyperlipidemia, tobacco use, diabetes, or a family history 
of vascular disease, demonstrated a consistent increase 
in relative risk as CRP rose. These subgroups are prob-
ably the lowest risk populations we encounter, and yet 
the trends were still statistically signifi cant across each 
clinical subset. Because CRP measurements demonstrate 
a correlation with relative risk even in these patients who 
presumably lack bulky atherosclerotic plaque, the fi nd-
ings suggest that CRP has a direct infl uence on plaque 
stability. 

Though the Women’s Health Study revealed no correla-
tion between levels of LDL-cholesterol and levels of CRP, 
a comparison was made between the relative impact of 
LDL-cholesterol and CRP on cardiovascular risk. Not 
surprisingly, the best outcomes were seen in the group 
with the lowest levels of both, and the poorest outcomes 
were seen in those with the highest levels of both. But the 
two other groups provided an unexpected surprise: the 
group with high LDL and low CRP had better outcomes 
than the group with low LDL but high CRP. This fi nding 
suggests that CRP has a greater infl uence than LDL does 
on cardiovascular risk.

Both the Physician’s Health Study and the Women’s 
Study were large trials conducted in North America, and 
their results have been confi rmed by numerous European 
trials including the MONICA-Augsburg Cohort Study, 
and the Helsinki Heart Study.

IMPROVED RISK ASSESSMENT

Traditional screening methods for assessing cardiovascu-
lar risk include LDL-cholesterol, total cholesterol:HDL 
ratio, cardiac stress testing, and electron-beam calcium 
score. If CRP is also measured with any of these standard 
risk assessment tools, CRP either adds complementary 
benefi t or is itself actually superior. 

crp and cardiac risk
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The Framingham Risk Score utilizes standard risk factors 
to categorize the risk of developing clinically apparent 
coronary heart disease within a 10 year follow-up period. 
A likelihood of <10% is defi ned as low risk, 10-20% is 
intermediate, and >20% is high risk. 

The Women’s Health Study confi rmed the benefi t of add-
ing CRP assessment across the full range of Framingham 
risk. Data from the MONICA cohort, a population-based 
study of 3,435 healthy middle-aged German men, also 
demonstrated a benefi t of adding CRP measurement to 
those with intermediate Framingham scores.8 Additive 
predictive value was also seen in the South Bay Heart 
Watch study of 967 patients without diabetes, when CRP 
measurement was added to their risk assessment based 
on their coronary calcium scores.9

Measurement of C-reactive protein at discharge was com-
pared to later stress testing in 139 consecutive patients 
who presented with chest pain and subsequently ruled 
out for myocardial infarction.10 The primary endpoint 
was all-cause mortality and/or acute myocardial infarc-
tion within 90 days of discharge. Elevated CRP level was 
shown to be a more sensitive and specifi c predictor for 
the primary endpoint; positive and negative predictive 
values were also superior  A Kaplan-Meier plot of free-
dom from events demonstrates highly signifi cant differ-
ences in outcomes between high and low CRP patients, 
whereas there was no signifi cant difference when risk was 
determined by stress test.

DOES CRP CAUSE ATHEROSCLEROSIS?

CRP was initially felt to be just a marker for vascular 
infl ammation, but a growing body of data demonstrates 
a more active role. The enzyme which results in the 
benefi cial release of nitric oxide (a coronary vasodilator) 
is down-regulated by CRP; adhesion molecules which 
initiate atherosclerosis are up-regulated; and a deleteri-
ous release of endothelin-1 (a coronary vasoconstrictor) 
occurs. CRP has also been shown to increase endothelial 
cell expression of plasminogen activator inhibitor-1, a 
prothrombotic compound.

Elevated CRP levels were recently shown to be a strong 
independent predictor of rapid progression of disease in 
patients with known CAD.11 Most agree that one of the 
important steps in the transition from a ‘stable’ athero-
sclerotic plaque to an active, unstable lesion involves 
degradation of the protective fi brous cap, mediated by 

the enzyme metalloproteinase. Increased activity of this 
enzyme has been correlated with rising CRP levels. 

Monocytes respond to CRP by increasing not only the 
production of infl ammatory cytokines, but also expres-
sion of tissue factor, and chemotaxis, all of which are 
proatherothrombotic.

Elegant work from Willa Hsueh’s lab at UC-Davis has 
demonstrated CRP’s ability to up-regulate the gene asso-
ciated with apoptosis of human vascular smooth muscle 
cells (GADD153), which results in nuclear-programmed 
death of vascular smooth muscle.12

CRP MODULATION

Various interventions have been associated with lower 
CRP levels. Non-pharmacologic measures include 
weight loss, fi sh oils, vitamin E, red wine, a low-fat diet, 
the Mediterranean diet, and LDL-cholesterol apheresis. 
Drugs that lower CRP include statins, angiotensin-2 
receptor blockers, rosiglitazone, and ezetimibe when 
added to statin therapy.

Statins potently lower CRP levels seen in patients with 
either stable symptoms or acute coronary syndromes, 
and this observation may, in part, explain their effi cacy 
in reduction of primary and secondary vascular event 
rates. 

The VALMARC trial recently demonstrated that block-
ade of angiotensin-2 lowers CRP levels independent of 
the degree that blood pressure is lowered, which suggests 
that activation of renin-angiotensin has an infl ammatory 
component.13

The FLUVACS trial assessed the effect of fl u vaccine 
on subsequent cardiovascular mortality in a randomized 
study of patients who presented with acute coronary 
syndrome and had subsequent percutaneous interven-
tion.14 In the next 12 months, 23% of the unvacci-
nated patients either died or developed recurrent acute 
coronary syndromes, compared with 11% of the patients 
randomized to receive fl u vaccine. Thus, prevention of 
infl uenza reduced major adverse cardiovascular events by 
50%, perhaps by blocking the associated infl ammatory 
response. 

The effect of aspirin on CRP levels was examined in two 
small prospective trials which found no signifi cant CRP 

crp and cardiac risk



66  The Journal of Lancaster General Hospital   •   Summer 2007   •   Vol. 2 – No. 2

reductions in patients receiving daily doses from 40 to 
325 mg. Nonetheless, in the Physician’s Health Study, 
aspirin 325 mg every other day reduced the risk of MI, 
and the greatest reduction was seen in those with the 
highest initial CRPs.

CRP IN CLINICAL PRACTICE

Despite the absence of prospective data, a series of retro-
spective analyses provide compelling reasons to include 
CRP measurements in decisions about the clinical man-
agement of patients. 

• The TXCAPS/AFCAPS trial, a primary preven-
tion trial of lovastatin in the general population, 
demonstrated that statin therapy was equally effec-
tive in reducing the incidence of coronary events 
whether patients had elevated lipid levels, or low 
lipid levels accompanied by high CRP levels.15

• The PROVE IT-TIMI 22 trial examined the 
impact of moderate or intensive lipid lowering in 
3,745 patients with acute coronary syndrome.16 
A retrospective analysis demonstrated benefi t for 
both lipid lowering and CRP reduction.17 When 
LDL-cholesterol fell to <70mg/dl, clinical events 
(MI or cardiac death) fell from 4 to 2.7 per 100 
patient-years (p = 0.008). If CRP fell to <2mg/L, 
events fell in a similar manner from 3.9 to 2.8 per 
100 patient-years regardless of the level of achieved
LDL. The lowest event rate (1.9 per 100 patient-
years) occurred when LDL was lowered to 
<70 mg/dL and CRP fell to <2 mg/L. 

• The REVERSAL trial assessed stable patients with 
angiographically proven CAD using intra- coronary 
ultrasound at baseline and after 18 months of 
moderate or intensive lipid lowering.18 After 
adjustment for the degree of lipid reduction, CRP 
independently and signifi cantly correlated with the 
rate of CAD progression. 

• PROVE IT and REVERSAL used atorvastatin and 
pravastatin as agents for intensive and moderate 
lipid lowering respectively. Both these trials dem-
onstrated benefi t when LDL fell below 70 mg/dL 
and/or CRP fell to <2 mg/L, regardless of the drug 
utilized.

An AHA/CDC Scientifi c Statement concluded ‘it is 
reasonable to measure hs-CRP as an adjuct to the major 
risk factors to further assess absolute risk for coronary 
disease.’ Those with levels <1 mg/L are felt to be at low 
risk for developing subsequent CV events, whereas a 

level >3mg/L conveys a 3-4 fold increase in relative risk 
over the subsequent decade. Levels greater then 10 mg/L 
should be repeated as they may be related to a more seri-
ous but subclinical condition. A recent report indicates 
that the risk of a CV event rises in a linear fashion with 
CRP levels above 3 mg/L.19 This suggests regardless of 
cause, elevated CRP poses increased relative risk and the 
greater the rise, the greater the risk.

SUMMARY

It is clear that the infl ammatory response is an important 
part of our immune defense system, but the ideal response 
is a calibrated one that is adequate to protect the host 
without becoming exaggerated and predisposing to a 
stroke or MI. 

Data indicate that patients without manifest vascular dis-
ease who have a CRP >3 mg/L have a 3-4 fold increased 
relative risk of MI. In patients with other risk factors for 
CAD, such an elevation provides a 3-fold increased risk 
of death, and in those admitted with chest pain, CRP 
is predictive of those who rule in for acute coronary 
syndrome.20 

In patients with established heart disease, lowering CRP 
to <2 mg/L results in a statistically signifi cant reduction 
in growth of plaque and a decrease in clinical events. 
Though these observations come from observational ret-
rospective analyses, if they are confi rmed, measurement 
of hs-CRP may well be recommended in future versions 
of the ATP Guidelines. (National Cholesterol Education 
Program – Adult Treatment Panel)

Much of what we do in clinical medicine involves 
treatment based on the patient’s individual risk, and 
assessment of that risk is therefore fundamental. We 
reassure low risk patients, and help them to stay that 
way, while high risk patients are candidates for aggres-
sive intervention. 

For a marker of risk to be valid, it must have:
• a plausible biological mechanism 
• applicability to both genders 
• ability to enhance our current estimation of risk 
• applicability to populations in widespread geo-

graphic locales 

In the case of CRP, not only are these criteria met, but 
the risk factor can be modifi ed. 

crp and cardiac risk
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Intriguing data demonstrate an association among peri-
odontal disease, elevated CRP, and acute myocardial 
infarction.21 Dental hygiene and fl u vaccination should 
also be included under the umbrella of preventive car-
diovascular care. We await ongoing clinical trials that 
will provide an evidence-based approach for the optimal 
treatment of patients with isolated, unexplained eleva-
tions of CRP.  

Taken together, data from TXCAPS/AFCAPS, PROVE-
IT, and REVERSAL, although retrospective, allow inclu-
sion of hs-CRP measurements in clinical management 
decisions. In patients with established coronary disease 
and a ‘borderline’ LDL level, an hs-CRP level below 
1 mg/L tempers enthusiasm for additional treatment, 
whereas a level >3mg/L provides incentive for more 
intensive intervention. Weight loss and exercise have 
the most potent effect on CRP, but it can be diffi cult to 
convince patients of the need for more intensive lifestyle 

interventions. It is often helpful to explain to patients 
that this infl ammatory marker indicates whether ‘the 
fuse is lit.’  

In addition to proper diet, exercise, and fi sh oils, statins 
lower LDL-cholesterol and markers of infl ammation, all 
of which benefi t the population at risk. The annual cost 
of statin therapy in the United States is estimated to be 
$12 billion. The ‘lower is better’ axiom suggested by many 
trials, added to the emerging data on the utility of infl am-
matory markers, may increase this cost several fold as broad-
ened guidelines and treatment goals are introduced. 

It is reasonable to ask if we can afford such an expense 
as a society. In that regard, the Lancaster Intelligencer 
Journal of March 11, 2004 reported that Americans spend 
$31 billion annually on dog treats. The reader can decide 
if better patient outcomes are worth the added expense 
to expand therapy with statins.

REFERENCES
1. Ridker P, Cushman M, Stampfer M, Tracy R, Hennekens C. 
Infl ammation, aspirin, and the risk of cardiovascular disease in apparently 
healthy men. N Engl J Med 1997; 336:973-979.

2. Shah P. Low-density lipoprotein lowering and atherosclerosis regres-
sion: does more mean less? Circ 2002; 106:2039-2040.

3. Shimokowa H, Takeshita A. Rho-kinase is an important therapeu-
tic target in cardiovascular medicine. Arterioscler Thromb Vasc Biol 2005 
25:1767-1775.

4. Calabro P, Chang D, Willerson J, Yeh E. Release of c-reactive protein 
in response to infl ammatory cytokines by human adipocytes: linking obesity 
to vascular infl ammation. JACC 2005 46:1113-1114.

5. Heilbronn M, Noakes M, Clifton P. Energy restriction and weight loss 
on very-low-fat diets reduce c-reactive protein concentrations in obese, 
healthy women. Arterioscler Thromb Vasc Biol 2001 21:968-970

6. Ridker P, Stampfer M, Rifai N. Novel risk factors for systemic 
atherosclerosis: a comparison of c-reactive protein, fi brinogen, homocys-
teine, lipoprotein(a), and standard cholesterol screening as predictors of 
peripheral arterial disease. JAMA 2001;285:2481-2485.

7. Ridker P, Buring J, Shih J, Matias M, Hennekens C. Prospective study 
of c-reactive protein and the risk of future cardiovascular events among 
apparently healthy women. Circ 1998; 98: 731-733.

8. Koenig W, Lowel H, Baumert J Meisinger C. C-reactive protein 
modulates risk prediction based on the Framingham score: Implications 
for future risk assessment: results from a large cohort study in southern 
Germany. Circ 2004; 109:1349-1353.

9. Park R, Detrano R, Xiang M, Fu P, Ibrahim , LaBree L, Azen S. 
Combined use of computed tomography coronary calcium scores and 
c-reactive protein levels in predicting cardiovascular events in nondiabetic 
individuals. Circ 2002; 106:2073-2077.

10. Bazzino O, Ferreiros E, Pizarro R, Corrado G. C-reactive protein and 
the stress test for the risk stratifi cation of patients recovering from unstable 
angina pectoris. AJC 2001; 87:1235-1239.

11. Zouridakis E, Avanzas P, Arroyo-Espliguero R, Fredericks S, Kaski J. 
Markers of infl ammation and rapid coronary artery disease progression in 
patients with stable angina pectoris. Circ 2004; 110:1747-1753.

12. Blaschke F, Bruemmer D, Yin F, Takata Y, Wang W, Fishbein M, 
Okura T, Higaki J, Graf K, Fleck E, Hsueh W, Law R. C-reactive protein 
induces apoptosis in human coronary vascular smooth muscle cells. Circ 
2004; 110:579-587.

13. Ridker P, Danielson E, Rifai N, Glynn R; Val-Marc Investigators. 
Valsartan, blood pressure reduction, and c-reactive protein: primary report 
of the Val-Marc trial. Hypertension 2006; 48:73-79.

14. de la Fuente L, Gurfi nkel E, Toledo D, Mautner B. Flu vaccination in 
patients with acute coronary syndromes: treatment benefi t in prespecifi ed 
subgroups. Rev Esp Cardiol 2003;56:949-954.

15. Ridker P, Rifai N, Clearfi eld M, Downs J, Weis S, Miles J, Gotto A. 
Measurement of c-reactive protein for the targeting of statin therapy in the 
primary prevention of acute coronary events. NEJM 2001; 344:1959-1965.

16. Cannon C, Braunwald E, McCabe C, Rader D, Rouleau J, Belder R, 
Joyal S, Hill K, Pfeffer M, Skene A. Intensive versus moderate lipid lowering 
with statins after acute coronary syndromes. NEJM 2004; 350:1495-1504.

17. Ridker P, Cannon C, Morrow D, Rifai N, Rose L, McCabe C, Pfeffer 
M, Braunwald E. C-Reactive protein levels and outcomes after statin 
therapy. NEJM 2005; 352:20-28.

18. Nissen S, Tuxcu M, Schoenhagen P, Brown B, Ganz P, Vogel R, Crowe 
T, Howard G, Cooper C, Brodie B, Grines C, DeMaria A. Effect of intensive 
compared with moderate lipid-lowering therapy on progression of coronary 
atherosclerosis: a randomized controlled trial. JAMA 2004; 291:1071-1080.

crp and cardiac risk



68  The Journal of Lancaster General Hospital   •   Summer 2007   •   Vol. 2 – No. 2

19. Ridker P, Cook N. Clinical uselfulness of very high and very low levels 
of c-reactive protein across the full range of Framingham risk scores. Circ 
2004; 109:1955-1959.

20. Mach F, Lovis C, Gaspoz P, Unger F, Bouillie M, Urban P, Rutishauser 
W. C-reactive protein as a marker for acute coronary syndromes. Eur Heart J 
1997; 18:1897-1902.

21. Deliargyris E, Madianos P,Kadoma W Marron I, Smith S, Beck J, 
Offenbacher S. Periodontal disease in patients with acute myocardial 
infarction: prevalence and contribution to elevated c-reactive protein. 
AHJ 2004;147:1005-1009.

Scott J. Deron, D.O., F.A.C.C., F.S.C.A.I.
The Heart Group
217 Harrisburg Avenue
Lancaster, PA 17603
Phone - 717-397-5484
Fax- 717-464-3671
sjderon@aol.com

crp and cardiac risk

Trevi Fountain, Rome
Edward T. Chory, M.D.




