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Justification for the Use of Statins in Primary Prevention: An
Intervention Trial Evaluating Rosuvastatin (JUPITER)—

Can C-Reactive Protein Be Used to Target Statin Therapy in
Primary Prevention?

Samia Mora, MD, MHS, and Paul M Ridker, MD, MPH*

The most important action of 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors (statins) is their ability to lower levels of low-density lipoprotein (LDL)
cholesterol. Statins have proved highly effective in reducing the risk of cardiovascular
events in both primary and secondary prevention studies. However, the magnitude of
risk reduction associated with statins is greater than that predicted on the basis of
LDL cholesterol lowering alone. A likely explanation for this effect is the anti-
inflammatory action of statins. Following the observation that high-sensitivity C-re-
active protein (hs-CRP) is a powerful predictor of cardiovascular events, investigators
in the Cholesterol and Recurrent Events (CARE) and Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS) trials demonstrated that the
magnitude of risk reduction associated with statin therapy was higher among those
with elevated hs-CRP levels. In addition, there is accumulating evidence that statins
lower plasma levels of hs-CRP in a manner largely independent of LDL cholesterol
lowering. In contrast, little benefit has been demonstrated for statin therapy in the
absence of both hyperlipidemia and inflammation. Justification for the Use of Statins
in Primary Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) is
a large multinational, long-term, double-blind, placebo-controlled, randomized clin-
ical trial designed to assess directly whether statin therapy (rosuvastatin 20 mg/day)
should be given to apparently healthy individuals with low LDL cholesterol levels but
elevated hs-CRP levels—a critical issue for the prevention of cardiovascular disease.
Support for the concept behind the JUPITER trial is also now available from several
recent trials comparing different intensities of statin therapy on disease progression
as well as clinical end points. These studies indicate that the hs-CRP level achieved
after initiation of statin therapy may be as important as the LDL cholesterol level
achieved. All of these data raise the possibility that hs-CRP could be used to target
high-risk patients who may benefit from early statin use. Ongoing work will deter-
mine whether hs-CRP reduction, independent of LDL cholesterol reduction, results in
a net clinical benefit. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;

97[suppl]:33A–41A)
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umerous avenues of research ranging from basic experi-
ental evidence to population-based observational studies

ave led to the recognition that cardiovascular disease
CVD) involves a systemic inflammatory process.1 Large
pidemiologic studies carried out in diverse populations
ave repeatedly documented the association between high-
ensitivity C-reactive protein (hs-CRP), an indicator of in-
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ammation, and CVD outcomes, independent of traditional
ardiovascular risk factors.2 However, it remains uncertain
hether therapies that lower hs-CRP levels would also

esult in lower cardiovascular event rates.
The 3-hydroxy-3-methylglutaryl coenzyme A reductase

nhibitors (statins) are the most widely studied lipid-lower-
ng agents and the most effective low-density lipoprotein
LDL) cholesterol–lowering medications. Statins lower
DL cholesterol and total cholesterol levels by approxi-
ately 20% to 50% and have a lesser effect on lowering

riglycerides (�10% to 40%) and raising high-density li-
oprotein (HDL) cholesterol (�5% to 15%) levels. Most
tudies of the effect of statins on outcomes have shown that
or approximately every 1% reduction in LDL cholesterol
evel, there is an associated 1% reduction in risk of clinical
ardiovascular events.3
Data from multiple large-scale randomized clinical trials
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upport a similar relative risk reduction with statin therapy
or cardiovascular outcomes in both the primary and the
econdary prevention of CVD. This has led to the develop-
ent of current international guidelines that focus on LDL

holesterol lowering as the primary target of therapy, tai-
oring the level of optimal LDL cholesterol reduction to the
ndividual’s level of cardiovascular risk.3 Several risk pre-
iction models, such as the Framingham risk equations and
he European Systematic Coronary Risk Evaluation
SCORE), use traditional risk factors to estimate global
VD risk in asymptomatic individuals.4,5 However, most
S women and a large proportion of US men are classified

s low risk when the Framingham risk score, as recom-
ended by the National Cholesterol Education Program
dult Treatment Panel III (NCEP ATP III) guidelines, is
sed to estimate risk in the primary prevention setting.
urrent US population estimates from the National Health
nd Nutrition Examination Survey (NHANES) found that
1% of women had high-risk Framingham scores (10-year

stimated risk for hard coronary events of �20%) and only
% of women had intermediate-risk scores (10% to 20%),
ompared with 5% and 29% in men, respectively.6 Mean-
hile, the lifetime risk of developing CVD for both men and
omen is substantially higher—approximately 1 in 3 for
omen and 1 in 2 for men.7

To improve cardiovascular risk stratification and detec-
ion, an expert panel assembled by the Centers for Disease
ontrol and Prevention (CDC) and the American Heart
ssociation (AHA) provided a scientific statement on
s-CRP summarizing how it may be applied for clinical
ardiovascular risk assessment in primary prevention pop-
lations.8 This report termed hs-CRP an independent
arker of cardiovascular risk and endorsed its use as part of

lobal risk prediction in asymptomatic individuals, particu-
arly those deemed at intermediate risk for CVD by tradi-
ional risk factors.8 The panel also established a set of cut
oints to be used in clinical practice, with hs-CRP levels of
1 mg/L considered low risk and �3 mg/L, high risk.
The Cholesterol And Recurrent Events (CARE) trial first

emonstrated that statin therapy also lowers plasma levels
f hs-CRP.9 This has since been shown to be a class effect,
ith an approximate statin-mediated reduction of hs-CRP

evels of 20% to 30%.9,10 However, the beneficial value of
owering hs-CRP that is independent of lowering LDL cho-
esterol is not so clear.

The critical question then becomes whether inflamma-
ory markers, such as hs-CRP, can be clinically useful in
electing patients who may benefit from statin therapy de-
pite having normal LDL cholesterol values. This is the
ypothesis driving Justification for the Use of Statins in
rimary Prevention: an Intervention Trial Evaluating Rosu-
astatin (JUPITER), a long-term, multinational, random-
zed, double-blind, placebo-controlled study to assess rosu-
astatin 20 mg in the primary prevention of cardiovascular
vents in 15,000 subjects with low LDL cholesterol levels

nd elevated levels of hs-CRP. T
ole of Inflammation in Cardiovascular Disease

ultiple large-scale prospective studies performed in a va-
iety of populations have demonstrated that hs-CRP is a
trong and independent predictor of CVD events, including
yocardial infarction (MI), ischemic stroke, sudden cardiac

eath, and diabetes mellitus.11–22 In the Physicians’ Health
tudy, an epidemiologic study of �22,000 healthy middle-
ged men with no clinical evidence of disease, increasing
evels of hs-CRP at study entry were associated with up to
3-fold increase in risk of incident MI and a 2-fold increase

n risk of ischemic stroke.12 When directly compared with
ther novel risk factors—including homocysteine, lipopro-
ein(a), interleukin-6, intercellular adhesion molecule–1,
nd serum amyloid A—and standard lipid measures, hs-
RP has proved to be the single strongest predictor of
ardiovascular risk in apparently healthy women. This is
emonstrated in the Women’s Health Study (Figure 1), with
relative risk ratio of 4.4 for the highest versus lowest

uartile of hs-CRP.
Moreover, the addition of hs-CRP to traditional choles-

erol screening enhanced cardiovascular risk prediction and
roved to be independent of LDL cholesterol, suggesting
hat elevated hs-CRP levels may be particularly useful for
dentifying asymptomatic individuals who may be at high
isk for future cardiovascular events but who have average
holesterol levels. As shown in Figure 2, the poorest event-
ree survival in women was among those with high LDL
holesterol and high hs-CRP levels, and the best event-free
urvival was among those with low LDL cholesterol and
ow hs-CRP levels. Notably, individuals with low LDL
holesterol levels but high hs-CRP levels were at higher risk
han those with high LDL cholesterol levels but low hs-CRP
evels. This important finding of higher risk associated with
igh hs-CRP/low LDL cholesterol is among the motivating
actors behind the JUPITER trial because this population of
pparently healthy individuals—usually missed by current
creening guidelines—is being prospectively studied for the
rst time.

Levels of hs-CRP add important prognostic information
n cardiovascular risk not only at all levels of LDL choles-
erol but also at all levels of the Framingham risk score
Figure 3). With increasing levels of global coronary risk
Figure 3, left), there was a graded and consistent relation
ith increasing levels of hs-CRP in a dose-response man-
er. This additional prognostic information is most clini-
ally relevant for those asymptomatic individuals who are at
ntermediate risk for CVD based on their traditional risk
actor profile (Framingham risk estimate of 5% to 20% for
eveloping coronary artery disease over a 10-year period).
urrently, these individuals are not considered eligible for
ggressive risk factor modification with statin therapy be-
ause their LDL cholesterol levels are below the current
herapeutic target of 3.36 mmol/L (130 mg/dL).3 The
UPITER trial was designed to study just this population.

he ability of hs-CRP to add prognostic information on
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lobal cardiovascular risk after adjustment for all Framing-
am risk factors has been confirmed in 9 major prospective
tudies (Figure 4).

The hs-CRP marker has also been found to modify the
isk associated with the metabolic syndrome, which en-
ompasses a number of proatherogenic, prothrombotic,
nd proinflammatory risk factors (abdominal obesity, el-

igure 1. Risk factors for future cardiovascular events in apparently heal
-reactive protein; HDL � high-density lipoprotein; IL-6 � interleukin-6;

ntercellular adhesion molecule–1; TC � total cholesterol. (Reprinted wit

igure 2. Kaplan-Meier curves depicting cardiovascular event-free surviva
nd low-density lipoprotein (LDL) over 8 years of follow-up in the Women
nd low LDL as beneath the study median of 3.2 mmol/L (123.7 mg/dL)
vated triglycerides, low HDL cholesterol levels, high l
lood pressure, and high fasting glucose levels).16 This
nding may be because of the active role that adipocytes
lay in inflammatory vascular processes, particularly in
entral or abdominal tissue. The metabolic syndrome has
een associated with increased cardiovascular risk and
hus was identified as a target of therapy in NCEP ATP
II.3 Individuals with the metabolic syndrome are more

en in the Women’s Health Study. Apo B � apolipoprotein B; CRP �
low-density lipoprotein; SAA � serum amyloid A; sICAM-1 � soluble

ssion from N Engl J Med.14)

ding to 4 groups based on high or low levels of C-reactive protein (CRP)
th Study. Low CRP was defined as beneath the study median of 1.52 mg/L
nted with permission from N Engl J Med.15)
thy wom
LDL �
l accor
’s Heal
ikely to have high hs-CRP levels, and those with 1 or 2
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riteria for the metabolic syndrome have higher hs-CRP
evels than those with none.

In a study of �14,000 apparently healthy women, me-
ian hs-CRP levels for those with 0, 1, 2, 3, 4, or 5 criteria
or the metabolic syndrome were 0.68, 1.09, 3.01, 3.88, and
.75 mg/L, respectively.16 In individuals who met NCEP
TP III criteria for the metabolic syndrome, those with high

igure 3. C-reactive protein (CRP) adds independent prognostic informati
ipoprotein (LDL) cholesterol (right). CV � cardiovascular. (Reprinted w

igure 4. C-reactive protein was an independent predictor of cardiovas
therosclerosis Risk in Communities; CHS � Cardiovascular Health Stud
Health Professionals Follow-up Study; MONICA � Monitoring Trends
Physicians’ Health Study; WHS � Women’s Health Study.
evels of hs-CRP (�3 mg/L) had worse event-free survival d
han those with low hs-CRP levels (�3 mg/L). Figure 5
hows cardiovascular event-free survival in analyses strati-
ed by hs-CRP levels of �1, 1 to 3, and �3 mg/L, which
re cutoffs chosen to correspond with CDC recommenda-
ions for differentiating low-, intermediate-, and high-risk
roups.8 As clearly shown, hs-CRP levels added informa-
ion at all levels of the metabolic syndrome, just as prior

ll levels of the Framingham risk score (left) and all levels of low-density
ission from N Engl J Med.15)

sk in 9 large prospective studies across diverse populations. ARIC �
� European Prospective Investigation into Cancer and Nutrition; HPFS

terminants in Cardiovascular Disease; NHS � Nurses’ Health Study; PHS
on at a
cular ri
y; EPIC
and De
ata had demonstrated that hs-CRP added important prog-
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ostic information at all levels of LDL cholesterol and at all
evels of the Framingham risk score.

Although a number of different markers of inflamma-
ion can provide useful information for predicting car-
iovascular risk, acute-phase reactant hs-CRP is cur-
ently the most accurate marker.23 Inflammatory markers,
uch as soluble intercellular adhesion molecule–1 and
nterleukin-6, are not readily measured in clinical set-
ings, partly because of their instability and partly be-
ause of measurement error. In contrast, several commer-
ial assays with acceptable coefficients of variation are
vailable for the measurement of CRP, and a program to
tandardize CRP testing is currently being developed by
he CDC.8

Emerging evidence also suggests that hs-CRP may not
nly be a useful marker of inflammation but may also play
n active role in the pathogenesis of atherosclerosis (Figure
). Specifically, CRP appears to be directly involved in
ugmenting the innate inflammatory response; inducing
rothrombotic factors, such as plasminogen activator inhib-
tor–1, proinflammatory adhesion molecules, and monocyte
hemoattractant protein–1; and interfering with endothelial
itric oxide synthase.24–27 Recent studies have shown that
RP is produced not only in the liver, as previously be-

ieved, but also locally in other tissues, including smooth
uscle cells from normal coronary arteries and diseased

oronary artery bypass grafts.28,29 Moreover, CRP trans-
enic mice that were made to overexpress the human CRP
ene developed significant thrombosis after arterial damage,
uggesting that hs-CRP may be more than just a marker for

igure 5. C-reactive protein (CRP) adds important predictive value to the
II) metabolic syndrome. CVD � cardiovascular disease. (Reprinted with
therosclerosis. s
-Reactive Protein–Lowering Effects of Statins in
cute Coronary Syndromes

ntil recently, it was not known whether the hs-CRP–
owering action of statins provided any clinical benefit be-
ond their LDL cholesterol–lowering action. In 2 studies
ublished recently—the Reversal of Atherosclerosis with
ggressive Lipid Lowering (REVERSAL) and the Prava-

tatin or Atorvastatin Evaluation and Infection Therapy–
hrombolysis in Myocardial Infarction 22 (PROVE IT–
IMI 22) studies—the strongest evidence to date is
rovided for the independent cardiovascular benefits asso-
iated with statin-induced hs-CRP lowering.30,31 These 2
rials compared the effects of high-dose atorvastatin with
hose of low-dose pravastatin, demonstrating that lowering
s-CRP levels through intensive statin therapy reduced pro-
ression of coronary plaque and risk of recurrent clinical
vents in patients with acute coronary syndromes. In
ROVE IT–TIMI 22, there was a highly significant relative
eduction of CVD events (16%) favoring high-dose statin
herapy at a 2.5-year follow-up—although the benefit was
een as early as 30 days from the start of therapy.31

A prespecified analysis of PROVE IT–TIMI 22 revealed
imilar and statistically independent relations between
s-CRP reduction and risk of recurrent coronary events and
etween LDL cholesterol reduction and risk of such events.
hen patients were divided into categories on the basis of

nal hs-CRP and LDL cholesterol levels achieved, those
ith hs-CRP levels reduced to �2 mg/L had fewer recurrent

vents, regardless of the LDL cholesterol level achieved by

l Cholesterol Education Program Adult Treatment Panel III (NCEP ATP
sion from Circulation.16)
Nationa
tatin therapy. As shown in Figure 7, the patients at highest
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igure 6. C-reactive protein (CRP) is likely more than just a marker for atherosclerosis, playing an active role in the pathogenesis of atherosclerosis. eNOS
endothelial nitric oxide synthase; ET-1 � endothelin-1; LDL � low-density lipoprotein; MCP-1 � monocyte chemoattractant protein–1; mRNA �
essenger ribonucleic acid; NO � nitric oxide; PAI-1 � plasminogen activator inhibitor–1.
igure 7. Cumulative incidence of recurrent coronary events in patients with acute coronary syndromes according to levels of C-reactive protein (CRP) and
ow-density lipoprotein cholesterol (LDL-C) achieved by statin therapy over a 2.5-year follow-up period. (Reprinted with permission from N Engl J Med.31)
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39AMora and Ridker/Can C-Reactive Protein Be Used to Target Statin Therapy in Primary Prevention?
isk were those in whom both LDL cholesterol and hs-CRP
emained elevated despite statin therapy. In patients whose
DL cholesterol was lowered to below study median (�1.8
mol/L [�70 mg/dL]) with statin use, those whose hs-CRP

evels remained elevated had significantly higher recurrent
vent rates than those whose CRP levels were reduced to
2 mg/L. Moreover, the correlation between hs-CRP re-

uction and LDL cholesterol reduction achieved by statin
se was small in both trials (correlation coefficient, 0.1 to
.2). These findings suggest that the beneficial effects of
tatin therapy for secondary prevention of cardiovascular
vents may be as much a result of lowering hs-CRP levels
s lowering LDL cholesterol levels.

REVERSAL demonstrated that lowering hs-CRP levels
n patients with coronary disease by intensive statin therapy
esulted in reduced atherosclerotic lesion progression; in
ome patients there was even atheromatous regression, as
easured by intravascular ultrasonography (Figure 8).
hese findings suggest that to maximize the benefit of statin

herapy, physicians may need to monitor hs-CRP levels in
ddition to LDL cholesterol levels for secondary prevention
f CVD. JUPITER will clarify whether such monitoring
ould also be beneficial for primary prevention.

ustification for the Use of Statins in Primary
revention: An Intervention Trial Evaluating
osuvastatin (JUPITER)

ecause inflammation is an integral part of the underly-
ng pathophysiology of atherosclerosis and hs-CRP is a

igure 8. High-sensitivity C-reactive protein (hs-CRP) lowering with aggre
f atheroma volume as measured by intravascular ultrasonography in patien
owering (REVERSAL) trial. 2 � reduction greater than study media
holesterol. (Based on data from N Engl J Med.30)
seful clinical marker of this inflammatory process, an i
mportant unresolved question is whether hs-CRP screen-
ng combined with traditional lipid screening would pro-
ide an improved strategy for statin use in primary pre-
ention of CVD. The JUPITER trial was designed to
nswer this question. Several factors governed the de-
ign. First, statin therapy has been repeatedly demon-
trated to lower the risk of CVD events. Second, several
tudies have now shown statins to have a greater impact
n lowering CVD risk in individuals with higher levels of
nflammation.32,33 As already noted, for example, inves-
igators in the CARE trial of secondary prevention found
hat the benefit of pravastatin was greater among subjects
ith elevated hs-CRP levels.32 Similarly, in the Air
orce/Texas Coronary Atherosclerosis Prevention Study
AFCAPS/TexCAPS) of primary prevention with lova-
tatin, the event reduction among those with low LDL
holesterol but high hs-CRP was virtually identical to
hat seen in patients with high LDL cholesterol.33 Third,

ore than half of CVD events occur in individuals with
DL cholesterol levels that current guidelines do not
onsider eligible for therapy. And finally, because of the
s-CRP–lowering effects of statins, treating individuals
ith high hs-CRP levels but normal LDL cholesterol

evels may extend the benefit of prophylactic statins.
The primary objective of the JUPITER trial is to

etermine whether statin therapy (rosuvastatin 20 mg/
ay) will reduce the rate of first major cardiovascular
vents, defined as the combined primary end point of
ardiovascular death, MI, stroke, hospitalization for un-
table angina, or arterial revascularization among healthy

tatin therapy slowed atherosclerotic progression and resulted in regression
coronary disease in the Reversal of Atherosclerosis with Aggressive Lipid

reduction less than study median; LDL-C � low-density lipoprotein
ssive s
ts with
n; 1 �
ndividuals with low LDL cholesterol levels (�3.36
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mol/L [130 mg/dL]) but high hs-CRP levels (�2 mg/
).34

Figure 9 shows the basic JUPITER trial design. Asymp-
omatic individuals (men aged �55 years, women aged

65 years) who have no prior history of MI, stroke, or
yocardial revascularization and who on initial screening

re found to have LDL cholesterol levels �3.36 mmol/L
130 mg/dL) and hs-CRP levels �2.0 mg/L are randomized
n a double-blind manner to either rosuvastatin 20 mg/day
r placebo. All study participants are then observed over a
eriod of 3 to 4 years for the development of a first cardio-
ascular event. JUPITER has been designed to answer de-
nitively whether those with average or low LDL choles-

erol levels but high hs-CRP levels should be treated
ggressively with statin therapy to lower their risk of CVD
vents.

Secondary objectives of JUPITER are to evaluate
hether rosuvastatin therapy lowers the incidence of type 2
iabetes mellitus, bone fractures, and venous thromboem-
olism. Given the large sample size and the inclusion of a
arge number of women and minorities, the study will also
rovide an important tool for evaluating the safety of long-
erm rosuvastatin use in various racial and ethnic groups.

onclusion

he JUPITER trial is the first large-scale, multinational,
ouble-blind, placebo-controlled clinical trial to investigate
he effects of statins in the primary prevention of cardio-
ascular events in individuals with low levels of LDL cho-
esterol who may be at risk because of their elevated
s-CRP levels. Trial results could provide an evidence base
or the use of hs-CRP in addition to LDL cholesterol to
uide statin therapy in primary prevention. Because of its

igure 9. Schematic of the basic trial design for Justification for the Use
JUPITER), a large multicenter trial to answer definitively whether those
reated aggressively with statin therapy to prevent cardiovascular events.
oronary angioplasty; CAD � coronary artery disease; CVD � cardiov
holesterol; LFTs � liver function tests; MI � myocardial infarction.
otential impact on public health, this trial represents an
xtremely important step in understanding the links among
nflammation, statin therapy, and CVD prevention—knowl-
dge that could lead to substantial alterations in our ap-
roach to cardiovascular prophylaxis and treatment.
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