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Background
Increased levels of the inflammatory biomarker high-sensitivity C-reactive protein predict cardiovascular events. Since
statins lower levels of high-sensitivity C-reactive protein as well as cholesterol, we hypothesized that people with
elevated high-sensitivity C-reactive protein levels but without hyperlipidemia might benefit from statin treatment.
Methods
Objective: To investigate whether treatment with rosuvastatin, 20 mg daily, as compared to placebo, would decrease
the rate of first major cardiovascular events.
Design: Randomized, double-blind, placebo-controlled, multicenter trial.
Setting: 1315 sites in 26 countries.
Subjects: 17,802 apparently healthy men and women with low-density lipoprotein (LDL) cholesterol levels of less
than 130 mg per deciliter (3.4 mmol per liter) and high-sensitivity C-reactive protein levels of 2.0 mg per liter or higher.
Intervention: Subjects were randomly assigned to rosuvastatin, 20 mg daily, or placebo.
Outcomes: The primary outcome was the occurrence of a first major cardiovascular event, defined as myocardial
infarction, stroke, arterial revascularization, hospitalization for unstable angina, or death from cardiovascular causes.
Secondary endpoints included the components of the primary end point considered individually as well as death
from any cause.
Results
The trial was stopped after a median follow-up of 1.9 years (maximum, 5.0). Rosuvastatin reduced LDL cholesterol
levels by 50% and high-sensitivity C-reactive protein levels by 37%. The rates of the primary end point were 0.77
and 1.36 per 100 person-years of follow-up in the rosuvastatin and placebo groups, respectively (hazard ratio for
rosuvastatin, 0.56; 95% confidence interval [CI], 0.46 to 0.69; P<0.00001), with corresponding rates of 0.17 and 0.37 for
myocardial infarction (hazard ratio, 0.46; 95% CI, 0.30 to 0.70; P=0.0002), 0.18 and 0.34 for stroke (hazard ratio, 0.52; 95%
CI, 0.34 to 0.79; P=0.002), 0.41 and 0.77 for revascularization or unstable angina (hazard ratio, 0.53; 95% CI, 0.40 to 0.70;
P<0.00001), 0.45 and 0.85 for the combined end point of myocardial infarction, stroke, or death from cardiovascular
causes (hazard ratio, 0.53; 95% CI, 0.40 to 0.69; P<0.00001), and 1.00 and 1.25 for death from any cause (hazard ratio,
0.80; 95% CI, 0.67 to 0.97; P=0.02). Consistent effects were observed in all subgroups evaluated. The rosuvastatin group
did not have a significant increase in myopathy or cancer but did have a higher incidence of physician-reported
diabetes.
Conclusions
In this trial of apparently healthy persons without hyperlipidemia but with elevated high-sensitivity C-reactive protein
levels, rosuvastatin significantly reduced the incidence of major cardiovascular events. (ClinicalTrials.gov number,
NCT00239681.)
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Commentary
It is well known that statins reduce the risk of myocardial
infarction, stroke, and death from cardiovascular events
in patients with established vascular disease and in those
with risk factors, such as diabetes or hyperlipidemia. Yet,
half of all myocardial infarctions and strokes occur
among otherwise healthy men and women without
known vascular disease or risk factors [1]. Inﬂammation
is thought to play a central role in the development and
progression of vascular disease. In addition to their lipidlowering eﬀects, statins have anti-inﬂammatory properties, reducing levels of high-sensitivity C-reactive protein
(hsCRP), an acute-phase protein found in the blood that
rises in response to inﬂammation. HsCRP level is a
stronger predictor of cardiovascular events than the LDL
cholesterol level and that it adds prognostic information
to that conveyed by the Framingham risk score [2]. What
is not known, however, is whether statins might also
beneﬁt patients with evidence of inﬂammation but
without vascular disease or hyperlipidemia.
The Justiﬁcation for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin (JUPITER)
trial was designed to look at the eﬀects of rosuvastatin in
healthy patients with elevated hsCRP levels but without
hyperlipidemia [1]. It was conducted in 1315 sites in 26
countries and ﬁnancially supported by AstraZeneca, the
makers of rosuvastatin. Between 2003 and 2006, over
17,000 subjects were enrolled with a mean follow-up time
of 1.9 years. As expected, treatment with rosuvastatin
reduced LDL and hsCRP levels signiﬁcantly. Rosuvastatin
reduced the primary endpoint of a ﬁrst major
cardiovascular event (absolute risk 1.6% vs. 2.8%, hazard
ratio 0.56, p<0.00001) as well as all secondary endpoints
with the exception of hospitalization for unstable angina.
The number needed to treat to prevent the occurrence of
one primary endpoint in 2 years was 95, dropping to 31
for 4 years, and 25 for 5 years of therapy. Results of the
study were consistent across clinically important subgroups. Total adverse events did not diﬀer between
groups. Muscle weakness, stiﬀness, or pain was fairly
common but did not diﬀer between groups (16.0% vs.
15.4%, rosuvastatin vs. placebo, p=0.34). Myopathy was
uncommon (<0.1%) and only a single case of rhabdomyolysis occurred, this in a 90-year old subject with
inﬂuenza, pneumonia, and trauma-induced myopathy.
Interestingly, physician-reported diabetes was more
frequent in the rosuvastatin group.
This was a very large, well-conducted study using
clinically meaningful endpoints which may expand the
use of statins for primary prevention to new patient
populations. A few limitations deserve mention. At baseline characteristics, patients were not entirely free of risk
prior to randomization. Patients were overweight
(median body-mass index 28) and over 40% had features
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of the metabolic syndrome. Furthermore, 16% were
current smokers and 11% had a family history of
premature coronary heart disease. Even so, prevalence of
these risk factors actually increases the generalizability of
this study, given their frequency in Western societies.
The study did not include people with low levels of
hsCRP and therefore does not address the use of statins
in patients without evidence of inﬂammation. However,
as the authors note their prior work showed extremely
low event rates and no evidence that statin therapy
lowered vascular risk among healthy subjects with
neither hyperlipidemia nor elevated hsCRP levels [3].
Statins, like many preventative measures, must be
taken for years before yielding a beneﬁt. If guidelines
were expanded to address C-reactive protein, it is
estimated that an additional 6 to 8 million adults in the
United States would have a statin indication based on
JUPITER inclusion criteria [4]. Though not without cost,
statin therapy is this patient population would be costeﬀective, with a cost per quality adjusted life-year
(QALY) of $40,457, well below the traditional cutoﬀ of
$50,000 per QALY [4].
Other than general medical interest, one might ask why
this study would appeal to the intensivist. The antiinﬂammatory and anti-thrombotic properties of statins
have prompted speculation that they may be useful in the
treatment or prevention of severe sepsis [5], a syndrome
characterized by dysregulation of inﬂammation, coagulation, and other acute phase responses. In murine
models of sepsis, statins improve survival [6-8]. A variety
of observational studies in humans have examined the
role of statins in the prevention or treatment of infection
and sepsis, as recently reviewed [9]. Most suggest a
clinical beneﬁt for statins, yet others show no beneﬁt, and
one shows possible harm. Based on these ﬁndings,
several randomized trials of statins in infection are either
planned, underway, or recently completed [10-21].
Unfortunately, these are small studies that are underpowered to address mortality or other clinically meaningful endpoints, with their primary endpoints focusing on
inﬂammatory cytokines and markers of endothelial
function. In addition to their potential before or during
severe infection, one study highlights the potential for
statins after infection. In subjects who survived an initial
hospitalization for community-acquired pneumonia,
circulating IL-6 concentrations at hospital discharge were
higher among subjects who subsequently died of
cardiovascular diseases [22], raising the possibility of
statin use to mitigate the eﬀects of ongoing subclinical
inﬂammation after hospitalization for infection.

Recommendation
Statins reduced risk of ﬁrst major cardiovascular event in
healthy subjects with elevated hsCRP but without
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hyperlipidemia. Furthermore, their use appears to be
cost-eﬀective from a societal perspective. Even so, society
may wish to focus on aggressive reduction of traditional
risk factors (obesity, hypertension, diabetes) before
broadly increasing statin use. Though the results of statin
trials in infection and severe sepsis are anxiously
anticipated, larger studies will be needed before statins
are routinely recommend in the management of severe
infections.
Competing interests
The authors declare no competing interests
Author Details
1
Clinical Fellow, Department of Critical Care Medicine, University of Pittsburgh
School of Medicine, Pittsburgh, Pennsylvania, USA. 2Assistant Professor,
Department of Critical Care Medicine, University of Pittsburgh School of
Medicine, Pittsburgh, Pennsylvania, USA.
Published: 13 May 2010
References
1. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Jr., Kastelein JJ,
Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd
J, Willerson JT, Glynn RJ: Rosuvastatin to prevent vascular events in men
and women with elevated C-reactive protein. N Engl J Med 2008,
359:2195-2207.
2. Ridker PM, Rifai N, Rose L, Buring JE, Cook NR: Comparison of C-reactive
protein and low-density lipoprotein cholesterol levels in the prediction of
first cardiovascular events. N Engl J Med 2002, 347:1557-1565.
3. Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE, Miles JS, Gotto AM, Jr:
Measurement of C-reactive protein for the targeting of statin therapy in
the primary prevention of acute coronary events. N Engl J Med 2001,
344:1959-1965.
4. Slejko J, Page RL, Sullivan PW: Statin therapy is cost-effective for vascular
event prevention in adults with elevated C-reactive protein: Implications
of JUPITER [abstract]. J Am Coll Cardiol 2010, 55:A131.E1229.
5. Almog Y: Statins, inflammation, and sepsis: hypothesis. Chest 2003,
124:740-743.
6. Ando H, Takamura T, Ota T, Nagai Y, Kobayashi K: Cerivastatin improves
survival of mice with lipopolysaccharide-induced sepsis. J Pharmacol Exp
Ther 2000, 294:1043-1046.

Page 3 of 3

7.

8.

9.
10.
11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21.

22.

Merx MW, Liehn EA, Janssens U, Lutticken R, Schrader J, Hanrath P, Weber C:
HMG-CoA reductase inhibitor simvastatin profoundly improves survival in
a murine model of sepsis. Circulation 2004, 109:2560-2565.
Merx MW, Liehn EA, Graf J, van de Sandt A, Schaltenbrand M, Schrader J,
Hanrath P, Weber C: Statin treatment after onset of sepsis in a murine
model improves survival. Circulation 2005, 112:117-124.
Kopterides P, Falagas ME: Statins for sepsis: a critical and updated review.
Clin Microbiol Infect 2009, 15:325-334.
Statins in Sepsis Study (STATInS). http://www.anzctr.org.au/
ACTRN12607000028404.aspx. Accessed 26 Apr 2010.
The influence of Statins on Blood Vessel Function in Severe Sepsis. http://
www.anzctr.org.au/ACTRN12607000393459.aspx. Accessed 26 Apr 2010.
Statins for the Early Treatment of Sepsis (SETS). http://clinicaltrials.gov/show/
NCT00528580. Accessed 26 Apr 2010.
Simvastatin and severe Sepsis: a randomised controlled Trial (SimSepT).
http://www.controlled-trials.com/ISRCTN92093279. Accessed 26 Apr 2010.
Hydroxymethylglutaryl-CoA reductase inhibition in Acute lung injury to
Reduce Pulmonary oedema and inflammation (HARP). http://www.controlledtrials.com/ISRCTN70127774. Accessed 26 Apr 2010.
Randomised double-blind placebo-controlled trial of 40 mg/day of
Atorvastatin on reduction in severity of SEPSIS in ward patients (ASEPSIS).
http://www.controlled-trials.com/ISRCTN64637517. Accessed 26 Apr 2010.
Effect of Rosuvastatin in Abdominal Sepsis. http://clinicaltrials.gov/ct2/show/
NCT00357123. Accessed 26 Apr 2010.
Statin for Immunomudulation in Sepsis. http://clinicaltrials.gov/ct2/show/
NCT00452608. Accessed 26 Apr 2010.
Simvastatin in Patients With Septic Shock. http://clinicaltrials.gov/ct2/show/
NCT00450840. Accessed 26 Apr 2010.
Statin Therapy in the Treatment of Sepsis. http://clinicaltrials.gov/ct2/show/
NCT00676897. Accessed 26 Apr 2010.
Pravastatin and Ventilator Associated Pneumonia (EPRAVAP). http://
clinicaltrials.gov/ct2/show/NCT00702130. Accessed 26 Apr 2010.
Kruger PS, Freir NM, Venkatesh B, Robertson TA, Roberts MS, Jones M: A
preliminary study of atorvastatin plasma concentrations in critically ill
patients with sepsis. Intensive Care Med 2009, 35:717-721.
Yende S, D’Angelo G, Kellum JA, Weissfeld L, Fine J, Welch RD, Kong L, Carter
M, Angus DC: Inflammatory markers at hospital discharge predict
subsequent mortality after pneumonia and sepsis. Am J Respir Crit Care Med
2008, 177:1242-1247.

doi:10.1186/cc9006
Cite this article as: Rao AD, Milbrandt EB: To JUPITER and beyond: Statins,
inflammation, and primary prevention. Critical Care 2010, 14:310.

