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JUPITER to Earth: A statin helps 
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hs-CRP, but what does it mean?

ABSTRACT■■

The JUPITER trial (Justification for the Use of Statins in 
Prevention: an Intervention Trial Evaluating Rosuvastatin) 
(N Engl J Med 2008; 359:2195–2207) compared rosu-
vastatin (Crestor) 20 mg daily vs placebo in apparently 
healthy people who had levels of low-density lipoprotein 
cholesterol (LDL-C) lower than 130 mg/dL but elevated 
levels (≥ 2 mg/L) of high-sensitivity C-reactive protein 
(hs-CRP). Rosuvastatin treatment lowered LDL-C levels 
by 50% and hs-CRP levels by 37%, accompanied by a 
44% relative risk reduction in the composite end point of 
unstable angina, revascularization, and confirmed death 
from cardiovascular causes. In absolute terms, 95 people 
had to be treated over 2 years to prevent one event. 
There was, however, a higher incidence of diabetes in the 
rosuvastatin group.

KEY POINTS■■

LDL-C is the current gold standard diagnostic marker of 
risk, and elevated values should be aggressively treated 
in both primary and secondary prevention.

The optional LDL-C goal of 70 mg/dL for patients at high 
risk may need to be extended to others at higher global 
risk, such as those with elevated hs-CRP.

Although elevated hs-CRP may identify some people 
with low LDL-C who are nevertheless at higher global 
risk, more sensitive and specific markers of risk are 
needed.
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T he medical community has struggled 
with two important questions for the past 

10 years: When it comes to the low-density 
lipoprotein cholesterol (LDL-C) level, how 
low should one go and at what cost? And are 
there other markers of risk that can identify a 
higher-risk subpopulation in relatively healthy 
people? The JUPITER trial (Justification for 
the Use of Statins in Prevention: an Interven-
tion Trial Evaluating Rosuvastatin) provided 
partial answers for these questions by finding 
that a highly potent statin lowered the risk of 
cardiovascular events in patients with “nor-
mal” LDL-C but elevated levels of high-sensi-
tivity C-reactive protein (hs-CRP).1

	 In this article, we will critically evaluate 
the methods, results, and conclusions of the 
JUPITER trial. Additionally, we will discuss 
its limitations and areas of uncertainty.

BEFORE JUPITER■■

The LDL-C-lowering drugs called statins have 
revolutionized cardiovascular medicine.2 They 
are beneficial in both the primary prevention 
setting and in acute coronary syndromes, sta-
ble angina, and unstable angina and can halt 
the progression of coronary artery disease—in 
some cases even resulting in modest regression 
of plaque.3–6

INTERPRETING KEY TRIALS
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	 Many experts have credited the reduction 
in LDL-C as being the sole factor responsible 
for the decrease in major adverse events seen 
with statin therapy.7 However, statins have 
other, non-lipid-lowering properties, includ-
ing anti-inflammatory and antioxidant effects, 
that may also contribute to their benefits.8–15

	 One of the anti-inflammatory actions 
of statins is evidenced by lower levels of the 
acute-phase reactant CRP.10,11,15,16 Measuring 
systemic CRP levels with a highly sensitive 
assay (yielding the so-called high-sensitivity 
or hs-CRP level) provides significant clinical 
prognostic value across a spectrum of clinical 
situations, ranging from risk screening in ap-
parently healthy people to stable and unstable 
angina.17–22 People with higher hs-CRP lev-
els are, on average, at higher risk of adverse 
cardiovascular events. However, controversy 
remains as to whether hs-CRP plays a mecha-
nistic role in plaque formation and acute com-
plications. Indeed, recent genetic studies argue 
strongly that hs-CRP lies outside the mecha-

nistic path of atherosclerosis.23 Nonetheless, 
an overwhelming amount of data indicates 
that hs-CRP serves as a marker of disease.17–21
	 Nissen et al10 showed that the rate of pro-
gression of atherosclerosis is lower when the 
levels of atherogenic lipoproteins and hs-CRP 
are both lowered with statin therapy. Simul-
taneously, Ridker et al11 showed that patients 
who have lower hs-CRP levels after statin 
therapy have better clinical outcomes than 
those with higher hs-CRP levels, regardless of 
their achieved level of LDL-C.
	 Collectively, these studies and others have 
led some to believe that, in people with rela-
tively low LDL-C but persistently elevated 
hs-CRP, statin therapy may reduce the rate of 
events.15,24 The JUPITER trial was undertaken 
to test this hypothesis.

JUPITER STUDY DESIGN■■

JUPITER was designed to see whether highly 
potent statin therapy is beneficial in people 

TABLE 1

JUPITER data: Rosuvastatin benefits people with normal LDL-C and high hs-CRP
END POINT	 ROSUVASTATIN GROUP (N = 8,901)	 PLACEBO GROUP (N = 8,901)	 HAZARD RATIO (95% CI)	 P VALUE 
	 NO. OF	 RATE PER 100	 NO. OF	 RATE PER 100 
	 PATIENTS	 PERSON-YEARS	 PATIENTS	 PERSON-YEARS

Primary end point* 142 0.77 251 1.36 0.56 (0.46–0.69) < .00001

Nonfatal myocardial infarction   22 0.12   62 0.33 0.35 (0.22–0.58) < .00001

Any myocardial infarction   31 0.17   68 0.37 0.46 (0.30–0.70)     .0002

Nonfatal stroke   30 0.16   58 0.31 0.52 (0.33–0.80)     .003

Any stroke   33 0.18   64 0.34 0.52 (0.34–0.79)     .002

Arterial revascularization   71 0.38 131 0.71 0.54 (0.41–0.72) < .0001

Hospitalization for unstable angina   16 0.09   27 0.14 0.59 (0.32–1.10)     .09

Arterial revascularization or 
hospitalization for unstable angina

  76 0.41 143 0.77 0.53 (0.40–0.70) < .00001

Myocardial infarction, stroke,  
or confirmed death from 
a cardiovascular cause

  83 0.45 157 0.85 0.53 (0.40–0.69) < .00001

Death on known date 190 0.96 235 1.19 0.81 (0.67–0.98)     .03

Any death 198 1.00 247 1.25 0.80 (0.67–0.97)     .02

*A first major cardiovascular event, ie, nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, an arterial revascularization proce-
dure, or confirmed death from a cardiovascular cause.

Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. 
N Engl J Med 2008; 359:2195-2207. Copyright 2008, Massachusetts medical society. All rights reserved. 
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with elevated hs-CRP who otherwise do not 
meet the criteria for lipid-lowering therapy. 
The study was conducted at 1,315 sites in 26 
countries. It was sponsored by AstraZeneca, 
the maker of rosuvastatin (Crestor).

Inclusion and exclusion criteria
All participants had to be free of known 
cardiovascular disease, have an LDL-C level 
lower than 130 mg/dL, and have an hs-CRP 
level of 2.0 mg/L or greater. Patients were 
excluded if they were previous or current 
users of lipid-lowering drugs; had severe ar-
thritis, lupus, or inflammatory bowel disease; 
or were taking immune-modulating drugs 
such as cyclosporine (Sandimmune, others), 
tacrolimus (Prograf), azathioprine (Azasan, 
Imuran), or long-term oral corticosteroids.

Rosuvastatin therapy
Participants were randomly assigned in a 1:1 
ratio to receive rosuvastatin 20 mg daily or a 
matching placebo in a double-blind fashion.

End points
The primary end point was the composite 
of nonfatal myocardial infarction, nonfatal 
stroke, hospitalization for unstable angina, an 
arterial revascularization procedure, or con-
firmed death from cardiovascular causes. Sec-
ondary end points were the individual compo-
nents of the primary end point.

Statistical analysis
The study was powered to detect a 25% reduc-
tion in the primary end point among those 
treated with rosuvastatin. The trial was de-
signed to run until 520 end point events had 
occurred. However, on March 29, 2008, after 
the first prespecified interim analysis, the Data 
and Safety Monitoring Board stopped the trial 
due to a significant reduction in the primary 
end point in the rosuvastatin group. As in most 
randomized clinical trials, all analyses were 
done on an intention-to-treat basis. Prespeci-
fied subgroup analyses were also performed.

STUDY RESULTS■■

Patient recruitment and eligibility
Between February 4, 2003, and December 15, 
2006, a total of 89,890 people were screened. 

Subgroup No. of Hazard ratio
  patients (95% CI)

Sex
 Male 11,001
 Female 6,801
Age
 ≤ 65 years 8,541
 > 65 years 9,261
Smoker
 Yes 2,820
 No 14,975
Race or Ethnic Group
 White 12,683
 Nonwhite 5,117
Geographic region
 United States or Canada 6,041
 Other 11,761
Hypertension
 Yes 10,208
 No 7,586
Family history of
coronary heart disease
 Yes 2,045
 No 15,684
Body mass index
 < 25.0 4,073
 25.0-29.9 7,009
 ≥ 30.0 6,675
Metabolic syndrome
 Yes 7,375
 No 10,296
Framingham risk score
 ≤ 10% 8,882
 > 10% 8,895
Adult Treatment
Panel III risk factors
 0 6,375
 ≥ 1 11,399
Time of event
 ≤ 24 months 17,802
 > 24 months 7,765
All participants 17,802

Rosuvastatin
better

0.25 0.50 1.00 2.00

Placebo
better

FIGURE 1. Effects of rosuvastatin on the primary end 
point, according to baseline characteristics. The inter-
action with the primary end point was not statistically 
significant for any of the variables studied.

Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent vascular events in 
men and women with elevated C-reactive 
protein. N Engl J Med 2008; 359:2195-2207.  

Copyright 2008, Massachusetts medical society. All rights reserved. 

JUPITER trial outcomes: 
Rosuvastatin was beneficial in all subgroups
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Of these, 17,802 met the inclusion and exclu-
sion criteria and were included in the study. Of 
the 72,088 people who were excluded, 25,993 
(36.1%) had an hs-CRP level below 2 mg/L 
and 37,611 (52.2%) had an LDL-C level of 
130 mg/dL or higher. 

A not-so-healthy population
The aim of the investigators was to include 
relatively healthy people. The median age 
was 66 years, about 16% of participants 
were current smokers, about 11% had a fam-
ily history of heart disease, and about 41% 
met the criteria for metabolic syndrome, all 
conditions that are associated with elevated 
hs-CRP.25 Of note, the median hs-CRP level 
was 4.2 mg/L, a level indicating higher glob-
al risk according to the American College 
of Cardiology/American Heart Association 
consensus statement.26

Reduction in lipid levels and hs-CRP
By 12 months, in the rosuvastatin group, the 
median LDL-C level had fallen by 50% (from 
108 to 55 mg/dL), and the median hs-CRP 
level had fallen by 37% (from 4.2 to 2.2 mg/L). 
Additionally, the triglyceride level had fallen 
by 17%. The high-density lipoprotein choles-
terol levels did not change significantly.

Impact on end points
The rosuvastatin group had a 44% lower in-
cidence of the primary end point, 142 vs 251 
events (P < .00001).  The authors calculated 
that 95 people would need to be treated with 
rosuvastatin for 2 years to prevent one event. 
Rosuvastatin was also associated with a sig-
nificant reduction in each component of the 
primary end point. More importantly, signifi-
cantly fewer people died of any cause in the 
rosuvastatin group (TABLE 1). Rosuvastatin was 
beneficial in all subgroups studied (FIGURE 1).

Adverse events
The incidence of diabetes was higher in the 
rosuvastatin group (270 vs 216, P = .01). In 
general, rosuvastatin therapy was otherwise 
safe, with minimal side effects. No significant 
differences were seen between the treatment 
groups in muscle weakness, incidence of can-
cer, or disorders of the hematologic, hepatic, 
gastrointestinal, or renal systems.

WHAT DOES THIS MEAN?■■

Is lower LDL-C better?
The JUPITER trial is the latest of several statin 
trials that have shown significant reductions 
in major adverse cardiovascular events when 
LDL-C was lowered below what has been rec-
ommended by the current guidelines.27,28

	 In 2002, the Heart Protection Study29 
showed a significant reduction in major ad-
verse cardiovascular events in patients at high 
risk of coronary artery disease if they received 
simvastatin (Zocor), even if they had LDL-C 
levels lower than 100 mg/dL at baseline. Simi-
larly, the Pravastatin or Atorvastatin Evalu-
ation and Infection-Thrombolysis in Myo-
cardial Infarction 22 (PROVE-IT TIMI 22) 
trial30 showed a 16% relative risk reduction in 
a composite end point in patients presenting 
with acute coronary syndrome if they received 
intensive statin therapy.
	 These two studies led to an update by the 
National Cholesterol Education Program 
(Adult Treatment Panel III), suggesting an 
optimal LDL-C goal of less than 70 mg/dL in 
those with coronary artery disease or its risk 
equivalent (ie, diabetes mellitus, peripheral 
vascular disease). Furthermore, in support 
of the “lower is better” theory, a number of 
studies that used intravascular ultrasonogra-
phy have shown regression of coronary plaque 
with aggressive LDL-C lowering. Notably, in 
a Study to Evaluate the Effect of Rosuvastatin 
on Intravascular Ultrasound-Derived Coro-
nary Atheroma Burden (the ASTEROID 
trial),5 rosuvastatin 40 mg daily caused signifi-
cant plaque regression while lowering  LDL-C 
to 61 mg/dL over a 24-month period.
	 A number of high-dose statin trials have 
shown that lowering LDL-C to less than 70 
mg/dL significantly reduces major adverse 
cardiovascular events.31–39 The JUPITER 
trial was unique in that it extended these 
findings to people without known coronary 
disease (ie, primary prevention) or elevat-
ed cholesterol but with elevated levels of a 
marker of inflammation—hs-CRP. In view 
of the JUPITER results and of studies using 
intravascular ultrasonography in the primary 
prevention setting, it seems clear that lower-
ing LDL-C to levels less than 70 mg/dL also 
reduces both atherosclerotic plaque progres-

Rosuvastatin 
lowered LDL-C 
by 50%, hs-CRP 
by 37%, and 
the incidence 
of the primary 
end point by 
44%
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sion and the rate of first major adverse car-
diovascular events in primary prevention in 
patients at higher global risk.

Did the study prove that reducing hs-CRP 
lowers risk?
Measuring hs-CRP levels has been extensive-
ly studied in apparently healthy populations, 
stable angina, unstable angina, and other car-
diovascular settings.18,21,40–43 It has been shown 
to have significant prognostic implications in 
a number of primary and secondary trials.44 
Additionally, those with elevated LDL-C and 
hs-CRP levels benefit the most from statin 
therapy.16,45,46 Animal studies have also pro-
vided some evidence that CRP may play a role 
in atherogenesis.47,48 However, recent clinical 
and genetic studies have raised doubt about 
the direct causal relationship between CRP 
and coronary artery disease,23,49,50 and epide-
miologic studies have questioned its usefulness 
as a marker of risk.51,52

	 The JUPITER study adds little to clear 
up the controversy about whether hs-CRP is 
a mechanistic participant in atherosclerotic 
disease. However, it also shows that this issue 
is somewhat irrelevant, in that selection of 
patients for high-potency statin therapy solely 
on the basis of high hs-CRP without other 
indications for lipid-lowering therapy clearly 
reduces risk and improves survival.
	 JUPITER did not examine whether people 
with higher hs-CRP levels benefited more from 
statin therapy than those with lower levels. 
The hypothesis-generating data for JUPITER 
came from an analysis of changes in hs-CRP 
and LDL-C in the Air Force/Texas Coronary 
Atherosclerosis Prevention Study (AFCAPS/
TexCAPS).16 Thus, JUPITER did not include 
people with both low LDL-C and low hs-CRP 
because, in the AFCAPS/TexCAPS analysis, 
those with low LDL-C and low hs-CRP had 
extremely low event rates and no clinical ef-
ficacy of statin therapy, despite good LDL-C 
reduction. In marked contrast, those with low 
LDL-C but elevated hs-CRP had high event 
rates and large relative risk reductions—
hence the need for JUPITER to prospectively 
test this hypothesis. Nevertheless, the initial 
results of JUPITER as presented do not yet 
make it clear that there is a dose-response re-
lationship between higher levels of hs-CRP 

and a greater reduction in events, even in a 
cohort with elevated hs-CRP at baseline. This 
analysis will no doubt be forthcoming in an-
other manuscript from Ridker and colleagues. 
Specifically, it will be of interest to examine 
whether those with the highest hs-CRP levels 
benefited the most from rosuvastatin on both 
an absolute and relative scale, and whether 
those with the greatest hs-CRP reduction also 
benefited more. With the present data avail-
able from JUPITER, a reasonable interpreta-
tion is that an elevated hs-CRP simply wid-
ens the inclusion criterion for those for whom 
high-potency statin therapy improves clinical 
outcomes.53

Better markers are needed
Even with a nonspecific marker such as hs-
CRP, patients at higher global risk and with 
LDL-C below the recommended levels could 
be identified and treated aggressively. This 
benefit, however, required that approximately 
100 people be treated with rosuvastatin for 2 
years to prevent one event. Additionally, only 
20% of all patients screened were eligible for 
the trial. Therefore, one could argue that its 
generalizability is limited.
	 Markers of risk that are more specific and 
sensitive are needed to identify people at 
higher global risk who would otherwise be 
considered to be at low risk with the current 
risk assessment tools. A number of such in-
flammatory and oxidative markers are under 
development.54–60

Absolute vs relative risk reduction 
and the public health burden
The 44% reduction in the number of primary 
end point events in the rosuvastatin group was 
considerable in relative terms. However, in ab-
solute terms, 95 people had to be treated for up 
to 2 years in order to prevent one event.53 In 
making recommendations, the United States 
Department of Health and Human Services 
has to consider the clinical benefit of a test 
or a drug in light of its cost. With health care 
costs increasing, many agencies are refusing to 
pay for therapies on the basis of cost or small 
absolute benefit.
	 While we do not have the answer as to 
whether treating 95 people for 2 years to see 
one benefit is cost-effective, one thing is clear: 

Needed are 
more sensitive 
and specific 
markers of  
cardiovascular 
risk
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JUPITER tells 
us little about 
whether hs-CRP 
causes athero-
sclerosis or is 
just a marker

the field of medicine is in desperate need of 
a better way to identify individuals who may 
benefit from a test or therapy.61 Addition-
ally, we think it is important to note that the 
“numbers-needed-to-treat” (95 at 2 years and 
25 at 5 years) derived from JUPITER are actu-
ally smaller than the values observed in the 
AFCAPS/TexCAPS and the West of Scotland 
Coronary Prevention Study.62,63 This suggests 
that statin therapy is at least as cost-effective 
in those with elevated hs-CRP as in those 
with elevated LDL-C. Even our most robust 
therapies are effective in only a minority of 
patients treated.61

Should ‘healthy’ people be tested 
for hs-CRP?
In 2003, we wrote in this journal21 that measur-
ing hs-CRP may add to the current risk-predic-
tion models by identifying people at increased 
risk who would otherwise not be considered as 
such by current risk models. The US Centers 
for Disease Control and Prevention and the 
American Heart Association have also stated 
that measuring hs-CRP in those at intermedi-
ate risk may be reasonable.26

	 The JUPITER investigators intended to 
study a relatively healthy population, but, as we 
mentioned, a close look at the cohort’s baseline 
characteristics indicates a substantial propor-
tion met the criteria for metabolic syndrome. 
Therefore, one could challenge whether we re-
ally need hs-CRP in such a population to iden-
tify who will benefit from statin therapy.
	 We agree with the recommendation from 
the Centers for Disease Control and Preven-
tion and the American Heart Association that 
measuring hs-CRP in people at intermediate 
risk is a reasonable option.26 We also believe 
that hs-CRP should be tested as a secondary 
risk factor, in combination with blood pres-
sure, lipids, diabetes, smoking, serum creati-
nine, and fasting blood glucose. Factors such 
as obesity, sedentary lifestyle, family history 
of heart disease, and emotional and physical 
stress should also be considered.

Safety of high-dose statin therapy
High-dose statin therapy has been well tol-
erated in clinical trials, but rates of discon-
tinuation have been higher (7%–10%) than 
with moderate-dose therapy (4%–5%).64 For-

tunately, the rates of serious adverse events 
have in general been low. For example, with 
simvastatin 80 mg, the rates of myopathy and 
rhabdomyolysis were quite low.31

	 Rates of elevations in serum alanine amino- 
transferase (ALT) and aspartate aminotrans-
ferase (AST) with high-dose statin therapy 
have been reported to be below 1.3%. Studies 
have shown that reducing LDL-C to below 100 
mg/dL is associated with a higher incidence of 
ALT and AST elevations. However, these el-
evations have usually been benign and often  
return to normal when the drug is reduced in 
dose or withdrawn.
	 In previous studies of rosuvastatin,65 the 
incidence of myopathy and liver function 
abnormalities was less than 0.1%. Rates of 
proteinuria were similarly low, and in many 
patients renal function actually improved on 
rosuvastatin.66,67 Furthermore, rosuvastatin 
may have different pharmacokinetic proper-
ties than atorvastatin (Lipitor) and simvasta-
tin, which may result in a lower incidence of 
musculoskeletal toxicity.68,69

	 In general, the incidence of cancer has been 
similar in those treated with high-dose statins 
and those treated with placebo. The Treating 
to New Targets trial70 suggested that the inci-
dence of cancer was higher with atorvastatin 
80 mg daily than with 20 mg daily. However, 
a meta-analysis of 14 trials of moderate-dose 
statin therapy did not show any evidence of 
increased cancer rates with these agents.70 In-
deed, in JUPITER, there was a reduction in 
cancer-related mortality rates, which could 
have been due to chance.
	 The JUPITER trial also showed an in-
crease in the physician-reported incidence of 
diabetes mellitus with rosuvastatin. This is an 
important finding, and it may be a class effect 
because modest increases have similarly been 
reported with other statins in other major tri-
als, eg, with pravastatin (Pravachol) in PROS-
PER, simvastatin in the Heart Protection 
Study, and atorvastatin in PROVE-IT. How-
ever, even in those with diabetes or impaired 
fasting glucose, the reduction in the rate of 
major adverse events is significant. For exam-
ple, in JUPITER, almost all of the cases of “in-
cident diabetes” were in those with impaired 
fasting glucose at baseline, and this group had 
nearly a 50% reduction in rates of myocardial 
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infarction, stroke, and cardiovascular death. 
Therefore, on balance, the modest risk of ear-
lier diagnosis of diabetes with statin therapy 
seems substantially offset by the marked re-
duction in rates of major adverse cardiovas-
cular events in people with diabetes and im-
paired fasting glucose on statin therapy.

TAKE-HOME POINTS■■

The JUPITER trial, like previous high-dose 
statin trials, calls into question whether cur-
rent LDL-C guidelines are appropriate for 
people at higher global risk with otherwise 
“normal” LDL-C levels.27,28 This trial her-
alds a new era in preventive therapy because 
it extends beyond LDL-C as an indication 
for statin therapy within the primary pre-
vention setting. Statins have revolutionized 
the therapy of cardiovascular disease, and 
they continue to show benefit even in the 
“healthy.”

	 Clearly, hs-CRP serves as a nonlipid mark-
er to identify those who may benefit from sta-
tin therapy. Nonetheless, more specific and 
sensitive markers (or panels) of cardiovascu-
lar risk are necessary. In the future, we will 
need markers that not only identify people 
at higher global risk, but that also tell us who 
would benefit from certain medical or surgi-
cal therapies. Elevated hs-CRP in a patient 
who otherwise would not be a candidate for 
statin therapy should trigger a reassessment 
of the risks vs benefits of statin therapy—
JUPITER teaches us that statin therapy will 
benefit these patients.
	 Aggressive lifestyle modification that en-
compasses a balanced diet, routine exercise, 
and smoking cessation should be applied 
in both primary and secondary prevention. 
Additionally, risk factors such as elevated 
blood pressure and hyperlipidemia should be 
aggressively treated with appropriate medi-
cations.	 ■
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