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High-Sensitivity C-Reactive Protein asaRisk Assessment Tool for

Cardiovascular Disease
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Summary: Almost haf of first cardiovascular eventsoccur in
individuals with no known risk factors. Attemptsin the last
decadeto predict cardiovascular risk moreaccurately haveled
to the emergence of a novd risk factor, C-reactive protein
(CRP), which hasproved to beasgood arisk predictor aslow-
density lipoprotein cholesterol. C-reactive proteinisan index
of inflammation that is now believed to promote directly dl
stages of atheroscleross, including plague rupture. As mea
sured by high-sengtivity assays, high-sengtivity CRP (hs-
CRP) dsoindependently predictsrecurrent eventsin patients
with known coronary artery diseases. Recent evidenceimpli-
cates hs-CRP, and thus inflammation, in the metabolic syn-
dromeand diabetesméllitus, particularly inwomen. Asaclin-
ical tool for cardiovascular risk assessment, hs-CRP testing
enhances information provided by lipid screening or globa
risk assessment. Statin therapy and other interventions can
lower hs-CRP. Whether or not such reductions can prevent
cardiovascular eventsisunder investigation.
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Introduction

Traditional cardiovascular risk factorsfall short inidentify-
ingindividualsat highrisk for cardiovascular disease (CVD).
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In astudy of 27,939 healthy American women, 77% of first
cardiovascular events occurred in those with only moderately
elevated low-density lipoprotein (LDL) cholesterol (<160
mg/dl) and 46% occurred among those with “normal” levels
of LDL cholesterol (< 130 mg/dl).1 Moreover, asmany as50%
of firgt cardiovascular events occur inindividual swith neither
elevated cholesterol nor any other traditional risk factor.2 3

The attempt to identify other possible causes for CVD
has spurred a continuing search for novel risk factors. The
most extensively studied isaplasmamarker of inflammation
known as C-reactive protein (CRP), the centerpiece of awell-
grounded theory that sees atherosclerosis as a disease of
chronic inflammation as well as lipid accumulation.* 5 In
prospective epidemiol ogic studies of apparently healthy pop-
ulations, CRP has predicted future vascular events indepen-
dent of traditional risk factors and is as good arisk factor as
LDL cholesterol.1 6.7 C-reactive protein has predicted new
and recurrent eventsin patientswith established atherosclero-
sisandislinked increasingly to the metabolic syndromeand
diabetes mellitus.8-10 |t now appears that CRP playsadirect
rolein atherogenesis, 1 12 and approachesto themedical man-
agement of CRP arebeing studied, even asitsoptimal rolein
risk assessment istaking shape.

C-ReactiveProtein and Car diovascular
Risk Prediction

C-reactive protein is one of severa acute-phase reactants,
amgjor category of circulating biomarkersof inflammation. It
issynthesized mainly intheliver in responseto interleukin-6,
interleukin-1B, and other inflammatory cytokines. It has a
long plasmahdf-life, no diurnal variation or dependence on
age or gender, and good stability over time. C-reactive protein
ispresent intracelevelsin healthy individualsand at extreme-
ly high levelsin the presence of infections, autoimmune dis-
eases, and cancer.12 13 evelsof CRPthat may bepredictive of
cardiovascular risk can beaslow as1 mg/l and are measured
by widely available high-sengitivity assays.12 14

High-sensitivity CRP (hs-CRP) has shown strong predic-
tiveability in patientswith known CVD. Inone of theearliest
studies, patients with unstable anginaand levels of CRP and
serum amyloid A =3 mg/l averaged 4.8 ischemic episodes
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during hospitdlization, significantly more than those with
acute-phase reactants <3 mg/l, who averaged only 1.8 epi-
sodes (p=0.004).8 Basdine hs-CRP predicted overall 5-year
mortality in the Scandinavian Simvastatin Survival Study,
which enrolled subjects with a history of angina pectoris or
acute myocardia infarction (MI). Even after adjustment for
other risk factors, participants in the highest quartile of hs-
CRPwere 2% timesmorelikely to diethan thosein the lower
three quartiles (p = 0.005).1> Recently reported post-hoc andl-
yses from the Pravastetin or Atorvadtatin Evaluation and
Infection Therapy (PROVEIT) and Reversal of Atheroscler-
oss with Aggressive Lipid Lowering (REVERSAL) trials
suggestimproved clinical outcomesin patientswith lower ver-
sus higher hs-CRP levels after statin therapy, regardless of
LDL cholesterol levels16.17 In PROVEIT, patientswith acute
coronary syndromes who had hs-=CRP <2 mg/dl after statin
therapy had lower ratesof recurrent cardiac eventsthan did pa
tientswith higher levels (2.8 vs. 3.9 events per person years,
p = 0.006), no matter thevalueof LDL cholesterol (Fig. 1).77
INREVERSAL, post-treatment low hs-CRPlevelswereinde-
pendently associated with dower ratesof atherosclerosispro-
gression assessed by intravascular ultrasound.16 The most fa-
vorable outcomes in both trials were associated with the
greatest reductionsin both LDL cholesterol and hs-CRP.
Themost effective use of CRP may beinthe setting of pri-
mary risk prediction. Inacohort of initialy healthy meninthe
Physicians Health Study who were followed for more than
8 years, men with baseline CRP in the highest quartile had
threetimestherisk of future M1 (relativerisk [RR] 2.9, 95%
confidenceinterval [Cl] 1.8-4.6, p<0.001) and twicetherisk
of futureischemic stroke (RR 1.9, 95% Cl 1.1-3.3, p=0.02)
than men in the lowest quartile.” These risk levels held over
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Fic.1 Cumulative incidence of recurrent myocardia infarction
(M) or death from coronary causes, according to achieved level s of
both C-reactive protein (CRP) and low-density lipoprotein (LDL)
cholesterol inthe PROVEIT study. Reprinted from Ref. No. 17 with
permission.

time and after adjustment for both lipid- and nonlipid-related
risk factors. High-sensitivity CRP aso significantly predicted
sudden cardiac death over 17 yearsin this study population,
whereasLDL cholesterol and other lipidsdid not.6

Among postmenopausal women in the Women's Hedlth
Study, theadjusted RR of acardiovascular event for womenin
the highest versus lowest hs-CRP quartiles was 1.5 over 3
years (95% Cl 1.1-2.1, p = 0.02) 3 Elevated hs- CRP wasthe
strongest risk predictor among adozenrisk factorsandinflam-
matory markerscons deredinthisstudy (Fig. 2); most notably,
it retained its predictive strength even in women with LDL
cholesterol <130 mg/dl. Ina20-year follow-up of the Honolu-
luHeart Study, €l evated CRP independently predicted future
ischemic strokeinmiddle-aged Japanese-American men, par-
ticularly in nonsmokers and in those < 55 years.18 Similarly,
hs-CRPindependently predicted afirst strokeor transient isch-
emic attack in elderly men and women (mean age 70 years) in
theorigind Framingham Study cohort.1®

C-ReactiveProtein ver susL ow-Density
Lipoprotein Cholesterol

Although hs-CRP predicts vascular eventsindependent of
LDL cholesterol, thesetwo risk factors enhance each other as
prognosticators. For example, in survival analyses of 27,939
subjectsin the Women's Heal th Study, who were assessed for
theoccurrenceof Ml, ischemic stroke, coronary revascul ariza:
tion, or cardiovascular death over amean of 8 years, hs-CRP
surpassed LDL cholesterol in predicting the risk of all study
endpoints, even after adjustmentsfor age, smoking status, dia-
betes, blood pressure, and use of hormonereplacement thera-
py (which is associated with increased CRP).1 The andyses
aso showed that hs: CRPand L DL cholesterol correl ated min-
imally (r = 0.08); each had a strong linear relationship with
cardiovascular risk. However, the two factors together were
superior to either factor alonein predicting risk. Survival was
worst for womenwith high levelsof both markersand best for
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Fic.2 Comparison of C-reactive proteinto lipid and nonlipid risk
factorsfor prediction of future cardiovascular events. HDL= high-
density lipoprotein, HDL-C = high-density lipoprotein cholesterol,
hs-CRP = high-sensitivity C-reactive protein, LDL = low-density
lipoprotein, sICAM-1 = solubleintercel lular adhesion molecule-1,
TC=total cholesterol. Reprinted from Ref. No. 26 with permission.
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womenwithlow leves; of note, womenwith highhs-CRPand
low LDL cholesterol wereat greater risk thanwomenwith low
hs-CRPand high LDL cholesteral. In the absence of hs-CRP
measurement, risk in thisintermediate category would have
been greatly underestimated. It can be hypothesi zed that CRP
and LDL cholesterol represent separate but equally critical as-
pects of the atherosclerotic process, and that both markers
must be assessed to obtain acomplete profileof vascular risk.

High-Sensditivity C-ReactiveProteinin
Clinical Practice

In 2003, the American Heart Association and Centers for
Disease Control and Prevention (AHA/CDC) published
guidelines on the use of CRP in the clinical setting. The au-
thorsendorsed the optiond use of hs-CRP screening to guide
further evaluation or therapy decisionsin patients deemed at
intermediate CV D risk by traditional risk factors(e.g., al0to
20% risk of afirst event over 10 years based on the Framing-
ham Risk Score). The guidelines maintained that hs-CRPfind-
ingswould be unlikely to influence management decisionsin
petientswith prior CVD or inpatientsat low primary risk (eg.,
<10% risk over 10 years) or high primary risk (>20% risk
over 10years) 4

Theguiddinesfurther advised that hs- CRPreadingsbe per-
formed twice (ideally 2 weeksapart) and averaged. Based on
epidemiologic data, the guidelinesrecommended thefollow-
ing cut pointsfor risk determination: low risk =<1.0mg/l, in-
termediaterisk =1.0-3.0mg/l, and highrisk =>3.0mg/l (Fig.
3), with the high-risk category representing an approximate
twofold greater relative risk than the low-risk category. The
guidelinesd so noted that tests showing an hs-CRPlevel > 10
mg/l should be repeated because they may reflect current in-
fection or inflammation.2* However, further analysis of data
from theWomen'sHealth Study cohort support the usefulness
of hs-CRPacrossafull range of valuesand Framingham Risk
Scores. Specifically, the analyss found that both very low
(<0.5mg/l) and very high (> 10mg/l) levelsof hs-CRP added
significant prognostic information; even levels= 20 mg/l en-
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Fic.3 Cut pointsfor cardiovascular risk based on C-reactive pro-
tein (CRP) levels. Reprinted from Ref. No. 11 with permission.

hanced predictive ahility, suggesting the absence of athresh-
old effect.?

Themost efficient approachin clinical practiceisto obtain
hs-CRP readings at the same time aslipid determinationsin
apparently hedlthy patients. A key objectiveshould betoiden-
tify personswhose LDL-cholesterol level is< 160 mg/dl but
whosehs-CRPleve is>1 mg/l. Intheseindividuals, dietary
modification and/or aggressive lipid lowering with a 3-hy-
droxy-3-methyl glutaryl coenzymeA (HMG-CoA) reductase
inhibitor (statin)—both of which can reduce CRP levels—
should beinitiated, with thegoa of reducing LDL cholesterol
to<100mg/dl. Andevated hs: CRPmight also beusedto mo-
tivate patients to adhere to or intensify an existing manage-
ment plan or to begin adaily antiplatelet (e.g., aspirin) regi-
men. Therearevalid uses of hs-CRPreadingsin patientswith
existing CVD aswell. For example, hssCRPmight beusedin
conjunction with cardiac troponin levels to identify those a
high risk of recurrent events and in need of more aggressive
monitoring or intervention, especially in advance of percute-
neous coronary revascul arization.13

New Developmentsin C-ReactiveProtein and
Risk Prediction

Anintriguing and expanding area of research seeksto un-
derstand why CRP predicts future cardiovascular events so
well: is CRP merely an index of inflammation, or doesit di-
rectly drive inflammation and atherosclerotic progression?
Recent laboratory observations suggest that CRPispotential-
ly proatherogenic. For example, at concentrations associated
with cardiovascular risk, CRP hasinduced human umbilical
vein endothdid cellsto express intercellular adhesion mol-
ecule(ICAM) -1, vascular cdll adhesion molecule (VCAM) -
1, and E-sdlectin, factorsthat attract monocytesto thevascular
wall.Z In the same model, CRP promoted the secretion of
monocyte chemoattractant protein (MCP) -1, which affects
transmigration of monocytes through the endothelium.?
C-reactive protein a so mediated the uptake of L DL by human
macrophages?® and decreased the synthesis of nitric oxidein
human aortic endotheliad cells.1! Finally, tests with interleu-
kin-6 and interleukin-13, which induce hepatic expression of
CRP, showed that these cytokinesa so produce CRPin human
coronary artery smooth muscle cells.2* Suchlocal production
could enhance the demonstrated effects of CRP and dlow
moredirect inflammatory participationin atherogenesis.

Another activeareaof researchisthat linkinginflammeation
with the metabolic syndrome and type 2 diabetes, both of
which grestly increase cardiovascular risk. C-reactive protein
has been associated with numerous components of the meta-
bolic syndrome, including high triglycerides, obesity, high
blood pressure, high fasting glucose, insulin resistance, en-
dothelid dysfunction, and impaired fibrinolysis.2> The mech-
anisms of these associations are not clear, but in the case of
obesity, arecent study showed that adipocytesthemsdves se-
crete CRPinresponsetoinflammatory stimuli. 26 Ananadysis
of the Women's Health Study population found that hs-CRP,
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besides correlating with components of the metabolic syn-
drome, added independent prognostic information on cardio-
vascular risk at all levels of severity of the syndrome.® Inthis
same population, el evated hs-CRP predicted the devel opment
of type 2 diabetes.1° Middle-aged meninthe West of Scotland
Coronary Prevention Study likewiseexperienced anincreased
risk of diabetes in association with hss CRPZ” However, the
Mexico City Diabetes Study of middle-aged menand women
foundthat elevated hs-CRPindependently predicted themeta:
bolic syndromeand diabetes only inwomen,22 while an anal-
ysis of the Framingham Offspring Study found that age-ad-
justed hs-CRP level swere strongly related to components of
the metabolic syndrome, but much more soinwomen (includ-
ing those not taking hormonetherapy) thaninmen.2® Thear-
gument has been made that hs-CRP should be added to the
current clinical criteria for diagnosis of the metabolic syn-
drome, 2 but that this might require adjusments along gender
linesif the abovefindingsare corroborated.

Toward Medical Management of C-ReactiveProtein

At present, there is no definitive evidence that modalities
aimed at lowering CRP prevent vascular events.3° However,
results of recent studies suggest an association between im-
proved clinical outcomes and lower CRP levels after statin
treatment. 16 17 Pharmacol ogic and lifestyle interventions are
capableof reducing both vascular risk and CRP. Statins, which
appear to have direct anti-inflammatory effects, have demon-
strated reductionsin CRP of 25 to 50%.13 Statins have also
achieved the most sizeablerisk reductionsin patientswith the
highest levelsof inflammation. In the Cholesterol and Recur-
rent Eventstria of secondary prevention, pravastatin-treated
patientswith high hs-CRP at baseline experienced morethan
twicethereductionin RR of recurrent coronary eventsthan pa:
tients with low hssCRP—54 versus 25%, respectively—al-
though thetwo groups had almost identical basdinelipid pro-
files3! Inthe Air Force/Texas Coronary Atherosclerosis Pre-
vention Study of primary prevention, lovastatin therapy was
highly effectivein reducing cardiovascular eventsin patients
with above-median hs-CRP, even in the presence of below-
median LDL cholesteral.32 In both trids, reductions in hs-
CRPwereindependent of reductionsin LDL cholesteral.

Whileitistempting to baseclinical decisonson suchtria
findings, they are derived from post-hoc analysesand involve
rather smal numbersof events. The Jutification for the Use of
Statinsin Primary Prevention: an Intervention Trial Eval uat-
ing Rosuvastatin (JUPITER) study3® was begun in 2003 to
address these shortcomings. This randomized, placebo-con-
trolled trid will evaluate whether long-term intensive statin
therapy (rosuvastatin 20 mg/day for 3to 4 years) can prevent
first mgjor cardiovascul ar eventsin an apparently healthy pop-
ulation with low LDL cholesterol (<130 mg/dl) but at in-
creased risk because of elevated hsCRP (=2 mg/l). The
JUPITER study will follow up to 15,000 men aged =55 years
and women aged = 65 years, and aso examinetheahility of ro-
suvastatintherapy to decreasetheincidence of type 2 diabetes.

If pogitive, the findings are likely to extend and strengthen
CRP'srole asboth arisk factor and treatment target and pro-
videfurther judtification for the use of intensive statin therapy
intheprimary prevention of CVD.

Conclusion

C-reactive protein hasan impressiverecord asan indepen-
dent predictor of CVD and promises to enhance our current
ability to identify individuals a high risk for cardiovascular
events. Little doubt remainsthat CRPisan active rather than
passive participant in theinflammatory component of athero-
sclerosis, and it may well beacrucid link between atheroscle-
rosis, the metabolic syndrome, and type 2 diabetes. Findings
from current research will help determine whether intensive
statintreatment can prevent cardiovascular eventsin apopula
tion not normally considered at high risk: patientswith normal
LDL cholesterol but high hs-CRR. If it can, the roles for hs-
CRP in risk assessment and patient management and for
gatinsin primary prevention will be greatly enhanced.
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