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Using statins to treat inflammation
in acute coronary syndromes:
Are we there yet?

REVIEW

■ ABSTRACT

Inflammation and oxidative damage play direct roles in
coronary artery disease. C-reactive protein (CRP) is
currently the best available marker of inflammation, and
statins can potentially reduce coronary inflammation.
Until now, CRP testing has been somewhat controversial
in the context of cardiovascular disease, as has statin
treatment specifically to treat inflammation. However,
three recent studies showed that early and aggressive
treatment with statins reduces future cardiovascular and
cerebrovascular events in patients with acute coronary
syndromes; another study showed that aggressive statin
treatment leads to regression of stable coronary artery
disease. In all the studies, the benefit correlated with
reductions in CRP.

■ KEY POINTS

Statins lower the risk of cardiovascular events beyond the
expected reduction attributable to cholesterol-lowering
alone. The extra benefit of statins may be explained by
their potent anti-inflammatory and antioxidant effects.

Intensive statin therapy slows or reverses plaque
progression in coronary arteries.

Early and aggressive statin therapy in patients with acute
coronary syndromes reduces the risk of future
cardiovascular events.
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Child Health and Human Development, Multidisciplinary Clinical Research Career Development
Programs Grant K12 HD049091.
†Dr. Bhatt has disclosed receiving honoraria from the Astra Zeneca and Bristol Myers Squibb
corporations for teaching, speaking, and consulting.

ECENT STUDIES provide strong evidence
that patients with acute coronary syn-

dromes should be treated early and aggressive-
ly with statins to reduce the risk of future car-
diovascular and cerebrovascular events. The
early benefit of statins may be linked more
strongly to their anti-inflammatory, antioxi-
dant, and plaque-stabilizing effects than to
their cholesterol-lowering effects.

This article reviews three recent random-
ized studies of high-dose statin therapy in
patients with acute coronary syndromes and
one study in patients with stable coronary
artery disease, and discusses the implications
of these studies for the treatment of inflamma-
tion in cardiovascular disease.

■ INFLAMMATION, ATHEROGENESIS,
AND STATINS

Although many options are available for diag-
nosing and treating established cardiovascular
risk factors such as hypertension and diabetes
mellitus, few are available that specifically tar-
get inflammation.1–4

Inflammation plays a direct role in athero-
genesis, from foam cell formation to plaque
progression and rupture.1,5,6 Mechanisms for
the direct association between C-reactive pro-
tein (CRP) and coronary artery disease have
been described previously in the Cleveland
Clinic Journal of Medicine.7,8 A number of stud-
ies, including several meta-analyses, have
shown that CRP, measured by a highly sensi-
tive assay, predicts cardiovascular risk and is
the marker of choice to assess inflamma-
tion.4,7,9–11
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However, some experts are skeptical of
CRP’s role in coronary artery disease risk
assessment, and believe that measuring CRP
adds little to the information gained by assess-
ing traditional cardiovascular risk factors.12,13

Kushner and Sehgal13 argue that CRP is not
an effective screening test for cardiovascular
risk because the test is not accurate (elevated
levels carry a low risk ratio for coronary dis-
ease), it is not reliable (CRP levels vary wide-
ly in the same patient), and there is no effec-
tive treatment that will reduce risk if elevated
levels are detected. Indeed, elevated CRP is a
nonspecific sign, and better tests are needed.
However, in light of recent randomized trials
(see below), the opportunity to identify and
treat patients who have heightened inflamma-
tion has never been more appealing.

Benefit of statins beyond lipids
Multiple trials have shown that statin treat-
ment substantially decreases the rates of car-

diovascular morbidity and mortality in
patients with cardiovascular disease.14,15

Although statins reduce low-density lipopro-
tein cholesterol (LDL-C), many believe that
their benefits cannot be fully explained by
their lipid-lowering effects; anti-inflammatory
and antioxidant properties likely also play
critical roles.16,17 Statins are most likely to
reduce the rate of clinical events when used in
high doses in patients with heightened inflam-
mation (ie, those with elevated CRP).18

Statins may reduce risk by several mecha-
nisms other than lipid-lowering.19 They
decrease superoxide production from NADPH
oxidase 1 in vascular smooth muscle cells,
reduce the inflammatory cell burden within
atherosclerotic plaques, and potentially pro-
mote up-regulation of endothelial nitric oxide
synthase, leading to more nitric oxide forma-
tion.16 They also suppress inflammation and
oxidation systemically by inhibiting isopreny-
lation of Rac, a key component of the

Four recent trials of statins in high doses
MIRACL A TO Z PROVE IT-TIMI 22 REVERSAL

No. of patients 3,086 4,497 4,162 502

Indication Acute coronary Acute coronary Acute coronary Stable coronary
syndromes syndromes syndromes artery disease

Treatments Atorvastatin 80 mg Simvastatin 40 mg Atorvastatin 80 mg Atorvastatin 80 mg
vs placebo followed by 80 mg vs pravastatin 40 mg vs pravastatin 40 mg

vs placebo followed
by simvastatin 20 mg

Follow-up period 16 weeks 6–24 months 18–36 months 18 months

End points Clinical Clinical Clinical Change in
composite* composite† composite‡ atheroma volume

Change in low-density lipoprotein cholesterol (%)
High-dose group –42 –41 –42 –47
Control group +9 –27 –10 –27

Change in C-reactive protein (%)
High-dose group –83 –93 –89 –36
Control group –74 –91 –83 –3

MIRACL = Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering trial,27 PROVE IT-TIMI 22 = the Pravastatin or
Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 trial,30 A to Z = Aggrastat to Zocor trial,32

REVERSAL = Reversal of Atherosclerosis With Aggressive Lipid Lowering study8,24–26
* Death, nonfatal acute myocardial infarction, cardiac arrest with resuscitation, or recurrent symptomatic myocardial ischemia.
† Cardiovascular death, nonfatal myocardial infarction, readmission for acute coronary syndromes, and stroke.
‡ Death from any cause, myocardial infarction, documented unstable angina requiring rehospitalization or revascularization, and stroke.
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NADPH oxidase complex of both leukocytes
and vascular endothelial cells.17,19–21

Although these “pleiotropic” effects of
statins are not in question, some authors ques-
tion whether they are clinically relevant.
LaRosa,22 in a recent editorial commenting
on a meta-regression analysis by Robinson et
al,23 asserted that these effects do not con-
tribute to an additional cardiovascular and
cerebrovascular benefit beyond LDL-C reduc-
tion and concluded that the burden of proof
that these effects are of clinical value has not
yet been met.

However, all of the studies in the meta-
analysis by Robinson et al were in patients
with stable coronary artery disease. The anti-
inflammatory effects of statins may be more
clinically relevant in acute coronary syn-
dromes and when the drugs are used in higher
doses, as we will see.

■ IMPORTANT STATIN TRIALS

Four recent trials of statins are discussed below
and summarized in TABLE 1.

REVERSAL:
Reducing CRP reduces plaque
The Reversal of Atherosclerosis With
Aggressive Lipid Lowering (REVERSAL)
study was the first randomized trial that used
intravascular ultrasonography to establish
that inflammation is directly associated with
atherosclerotic plaque burden and progres-
sion.8,24–26

The study enrolled more than 500
patients with stable angina, at least 20%
stenosis on coronary angiography, and an
LDL-C level of 125 to 210 mg/dL after 4 to 10
weeks of a statin-free washout period. The
patients were randomly assigned to receive
either moderate statin treatment (pravastatin
40 mg/day) or intensive statin treatment
(atorvastatin 80 mg/day). At baseline and
after 18 months of therapy, blood levels of
lipoproteins and CRP were measured and
patients underwent intravascular ultrasonog-
raphy of the longest and least angulated target
vessel. Atheroma volume was calculated as
the sum of the differences between the exter-
nal elastic membrane and lumen areas across
all slices.

After treatment, CRP and LDL-C levels
were significantly lower than at baseline (P <
.001). Reductions were more pronounced in
the intensive-therapy group. Plaque regression
strongly correlated with CRP reduction and
less strongly correlated with LDL-C reduc-
tion. Patients with the greatest reduction in
CRP levels had the most plaque regression.

MIRACL: Early aggressive statin therapy
reduces risk in acute coronary syndromes
The Myocardial Ischemia Reduction With
Aggressive Cholesterol Lowering (MIRACL)
trial27 was the first large study to investigate
whether starting high-dose atorvastatin thera-
py early after an acute coronary syndrome
event reduces the risk of recurrent events.

More than 3,000 patients presenting with
unstable angina or myocardial infarction
without ST-segment elevation were random-
ized to start treatment within 24 to 96 hours
with either atorvastatin 80 mg or placebo.

At 16 weeks, the rate of the composite
end point (death, nonfatal myocardial infarc-
tion, cardiac arrest with resuscitation, or
recurrent symptomatic ischemia requiring
emergency hospitalization) was 16% lower in
the active treatment group than in the place-
bo group, largely due to fewer events of recur-
rent symptomatic ischemia. There were also
significantly fewer strokes in the active treat-
ment group.28

Interestingly, the treatment groups began
to separate in their survival curves for the
composite end point at about 4 weeks; previ-
ous secondary prevention trials of statin ther-
apy in patients with stable coronary disease
had primary end point curves that did not sep-
arate for up to 1 year.

CRP levels declined from baseline in both
groups, but they declined significantly more in
the atorvastatin group than in the placebo
group.29 Unfortunately, no data are available
regarding whether the CRP reduction was
associated with the reduction in clinical end
points.

PROVE IT-TIMI 22:
More evidence of benefit
The Pravastatin or Atorvastatin Evaluation
and Infection Therapy-Thrombolysis in
Myocardial Infarction 22 (PROVE IT-TIMI

Many believe
that lipid-
lowering does
not fully
explain the
benefits of
statins
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22) trial also examined high-dose statin ther-
apy in patients with acute coronary syn-
dromes.30 The investigators sought to deter-
mine if aggressive atorvastatin therapy (with
the goal of reducing LDL-C levels to about 70
mg/dL) was better than moderate pravastatin
therapy (with the more traditional goal of 100
mg/dL or less).

More than 4,000 patients presenting with
an acute coronary syndrome event were ran-
domized to treatment with either atorvastatin
80 mg or pravastatin 40 mg and followed for
up to 36 months; the mean was 24 months.
The primary end point was a composite of all-
cause mortality and nonfatal major adverse
cardiovascular events (myocardial infarction,
stroke, and unstable angina requiring rehospi-
talization).

Patients on aggressive therapy had a 16%
lower incidence of the primary end point vs
patients on moderate therapy (P = .005). As
in the MIRACL trial, event curves began to
separate after only several weeks of treatment.

Patients who achieved lower CRP levels
at any level of LDL-C had better clinical out-
comes than patients with elevated CRP.31

Those with CRP levels lower than 1 mg/L and
LDL-C less than 70 mg/dL had the lowest risk
of adverse events. Variation in CRP was large-
ly unaccounted for by variation in LDL-C.
Atorvastatin 80 mg was much more effective
than pravastatin 40 mg in reducing both LDL-
C and CRP concentrations to goal levels
rapidly and durably, although most patients
did not achieve both an LDL-C level lower
than 70 mg/dL and a CRP level lower than 1
mg/dL with either regimen.

A to Z: Early aggressive therapy
has long-term benefits
Phase Z of the Aggrastat to Zocor (A to Z)
trial compared an aggressive dosing strategy
with a more moderate and delayed dosing
strategy in patients presenting with an acute
coronary syndrome.32 The goals of the trial
were similar to those of the PROVE IT-TIMI
22 trial.

Nearly 4,500 patients were randomized.
The aggressive-treatment group received sim-
vastatin 40 mg/day for 1 month followed by 80
mg/day; the conservative-treatment group
received placebo for 4 months followed by

simvastatin 20 mg/day. Patients were followed
for 6 to 24 months. The primary end point was
a composite of cardiovascular death and non-
fatal major cardiovascular events (myocardial
infarction, readmission for acute coronary syn-
drome, and stroke).

Patients in the aggressive-treatment group
had a 11% lower rate of the primary end point
compared with the conservative-treatment
group, but the difference was not statistically
significant. In contrast to the MIRACL and
PROVE IT-TIMI 22 trials, the event curves
did not begin to separate early on: in fact, in a
post hoc analysis, no benefit from active ther-
apy vs placebo was detected in the first 4
months. After that, there was a statistically
significant 25% reduction of the primary end
point in the aggressive-treatment group.

The authors hypothesized that the appar-
ent lack of an early benefit may have been due
to a lower event rate than anticipated, which
reduced the power of the study. Wiviott et al33

compared PROVE-IT and A to Z and con-
cluded that a number of factors, including
chance, could account for the different results.

■ LESSONS FROM THE TRIALS

The REVERSAL study provided in vivo evi-
dence for a direct association, though modest,
between CRP and plaque burden.

The MIRACL and PROVE IT trials
extended REVERSAL’s findings to the clinical
realm and provide a strong argument for high-
dose atorvastatin therapy in patients with
acute coronary syndromes. The trials’ results
lend credence to the role of CRP and inflam-
mation in coronary artery disease: patients
presented with markedly elevated CRP levels
that were quickly and dramatically reduced by
high-dose atorvastatin more than with moder-
ate-dose pravastatin or placebo. The early sep-
aration of event curves was driven mainly by
fewer events of recurrent symptomatic
ischemia, suggesting that early benefit may
result from quiescence of inflamed or ruptured
atherosclerotic plaque rather than LDL-lower-
ing alone.

The A to Z trial used simvastatin in two
different dosing strategies, and the difference
in the primary end point was not statistically
significant. At first glance, this finding sug-

Others argue
that the
pleiotropic
effects of
statins are not
clinically
important
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gests that all statins may not be equally bene-
ficial. But another explanation for this appar-
ent discrepancy may be found by looking at
the CRP data (TABLE 2).

In PROVE IT at 1 month, CRP levels
were significantly lower (30%) in the high-
dose atorvastatin group than in the low-dose
pravastatin group, and the difference persisted
throughout the trial. In the MIRACL trial,
the CRP levels in the two treatment groups
differed by 34% at 4 months.

In A to Z, however, the CRP levels at 1
month were nearly identical, and at 4 months
the difference was 26%. A median LDL-C
level of less than 70 mg/dL in the intensive
therapy group was attained at 1 month and

maintained throughout the trial. The appar-
ent lack of early benefit may be explained by
the lack of a significant difference in CRP
with this dosing strategy.

By the end of the A to Z trial, the median
CRP level in the intensive treatment group
was significantly less than 2 mg/L. This find-
ing, plus the findings of the post hoc analysis
suggesting late benefits, indicate that high-
dose simvastatin may yet be beneficial if given
“up front” rather than in the more conserva-
tive strategy. But the rate of rhabdomyolysis in
the A to Z trial with simvastatin 80 mg was
high (0.4%), and cases of frank rhabdomyoly-
sis were reported, which should give us pause,
particularly in light of the much lower inci-

C-reactive protein and low-density lipoprotein cholesterol levels
in the four trials
TRIAL AND TREATMENT BASELINE 1 MONTH 4 MONTHS 8 MONTHS 18–24 

MONTHS

C-reactive protein (mg/dL)
MIRACL

Placebo 11.0 — 2.9 — —
Atorvastatin 80 mg 11.5 — 1.9 — —

A to Z
Placebo, then simvastatin 20 mg 20.4 2.5 2.3 1.8 —
Simvastatin 40 mg, then 80 mg 20.1 2.4 1.7 1.5 —

PROVE IT-TIMI 22
Pravastatin 40 mg 12.2 2.3 2.1 — 2.1
Atorvastatin 80 mg 11.9 1.6 1.3 — 1.3

REVERSAL
Pravastatin 40 mg 3.0 — — — 2.9
Atorvastatin 80 mg 2.8 — — — 1.8

Low-density lipoprotein cholesterol (mg/dL)
MIRACL

Placebo 124 — 135 — —
Atorvastatin 80 mg 124 — 72 — —

A to Z
Placebo, then simvastatin 20 mg 111 122 124 77 81
Simvastatin 40 mg, then 80 mg 112 68 62 63 66

PROVE IT-TIMI 22
Pravastatin 40 mg 106 — — — 95
Atorvastatin 80 mg 106 — — — 62

REVERSAL
Pravastatin 40 mg 150 — — — 110
Atorvastatin 80 mg 150 — — — 79

MIRACL = Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering trial,27 PROVE IT-TIMI 22 = the Pravastatin or
Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 trial,30 A to Z = Aggrastat to Zocor trial,32

REVERSAL = Reversal of Atherosclerosis With Aggressive Lipid Lowering study8,24–26
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■ TAKE-HOME POINTS

The data linking inflammation and oxidative
damage with coronary artery disease and acute
coronary syndromes are now irrefutable. The

trials discussed in this review illuminate the
role of inflammation in atherosclerosis and
provide solid evidence for the benefit of tar-
geting inflammation to slow plaque progres-
sion and improve clinical outcomes.

To date, there are no widely accepted and
established markers of inflammation for car-
diovascular disease and no known therapeutic
measures to modulate coronary inflammation.
CRP is currently the best marker of inflamma-
tion, and in addition to weight loss, exercise,
and smoking cessation, statins are the best
therapeutic option to modulate inflammation.

New avenues for diagnosing and treating
coronary inflammation are on the horizon. In
the next 10 years, myeloperoxidase and
nitrotyrosine may emerge as promising new
markers of inflammation. In addition, novel
specific molecules that inhibit isoprenylation
and other key components of the inflammato-
ry cascade may one day offer new treatment
options.
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