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A

cute coronary syndromes (ACS)
are often associated with the rupture of vulnerable atherosclerotic
plaque, coronary thrombus formation, and
abrupt limitation of blood flow, leading to
adverse outcomes. The interaction between
the vulnerable atherosclerotic plaque and
thrombus formation, a process referred to
as atherothrombosis, is the cornerstone
of ACS. Vulnerable plaque, which is the
substrate of this condition, is the target of
many therapeutic approaches, including
statins.1
Statins, or 3-hydroxy-3-methylgloutaryl coenzyme A reductase inhibitors,
(HMG-coA inhibitors) form a class of hypolipidemic drugs used to lower cholesterol levels in people with or at risk of cardiovascular disease. They lower cholesterol by inhibiting the enzyme HMG-CoA
reductase, which is the rate-limiting enzyme of the mevalonate pathway of cholesterol synthesis (Figure 1). Nowadays,
statins seem to play a crucial role in modulating cardiovascular disorders such as
ACS, not only by affecting lipids, but also
by exerting a number of pleiotropic effects
beyond lipid lowering, such as plaque stabilization.2 Invasive modalities for atherosclerotic plaque examination will further
evaluate the beneficial effects of statins
on atherosclerotic plaque development,
progression and stabilization.3-4
In the clinical setting statins appear
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to have an impact on mortality, which remains the major endpoint following ACS.
In this article we review the role of statins
in ACS, focusing on mortality as well as
other important aspects of their use.
Effects of statins beyond lipid lowering
Statins block the conversion of 3-hydroxy3-methylglutaryl coenzyme A to mevalonate, leading to decreased cholesterol levels. However the beneficial effects of statins are not only related to lipid-lowering—even if this seems to be beneficial
in patients with ACS—but also to direct
effects on endothelial function, oxidative
stress, inflammation, thrombosis as well as
plaque stabilization (Table 1).5-8
Endothelial function
The molecular basis of the association between statins and endothelial function relates to the interaction with nitric oxide
(NO) production pathways at the cellular
level. Indeed, statins improve endothelial function by upregulating the expression and activity of endothelial nitric oxide
synthase (eNOS) as well as through their
antioxidant effects. Endothelial nitric oxide synthase expression is upregulated via
two different pathways. The first one is by
activating protein kinase Akt, which is an
important regulator of a number of cellu-
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Figure 1. A brief presentation of the mechanism through which statins act. Pleiotropic effects of statins are also presented, focusing on the
improvement of endothelial function, plaque stabilization, inhibition of thrombotic process, as well as inhibition of inflammatory process.

Table 1. Pleiotropic effects of statins.
• Endothelial cells

a) + effect on ΝΟ
b) + effect on endothelial progenitor cells
c) – effect on cyclooxygenase-2
d) – effect on endothelin-1
e) – effect on adhesion molecules

• Inflammation

a) – effect on CRP
b) – effect on CD40
c) – effect on adhesion molecules
d) – effect on pro-inflammatory cytokines

• Thrombosis

a) – effect on fibrinogen
b) – effect on platelet aggregation
c) – effect on thromboxane-Α2
d) – effect on PAI-1
e) + effect on tPA

+ – positive, increase; - – negative, decrease; NO – nitric oxide; CRP –
C-reactive protein; PAI-1 – plasminogen activator inhibitor 1; tPA – tissue
plasminogen activator.

lar processes.9 The second pathway is the inhibition
of geranylgeranylation of the small G-protein Rho.10

Another mechanism through which statins may affect
endothelium is through their antioxidant effects. Statins
attenuate angiotensin II (Ang II) induced free radical
production in vascular smooth muscle cells by inhibiting
Rac1-mediated NAD(P)H oxidase activity and downregulating angiotensin AT1-receptor expression.11
In line with the hypothesis of endothelial function improvement, the RECIFE study,12 which included sixty patients with acute myocardial infarction
(AMI) and unstable angina (UA), reported that a 40
mg/day dose of pravastatin improved endothelial
function in the statin group. Simultaneously with the
reduction of total cholesterol levels and low-density
lipoprotein cholesterol (LDL) by 23% and 33%,
respectively, flow-mediated dilatation (FMD) increased by 42%.
Inflammation
Inhibition of the formation of mevalonate, and thus
isoprenoids,13 leads to inhibition of critical proteins in
the inflammatory cascade (in particular Ras, Rho and
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Rab), which act via nuclear factor-κB; thus, statins exhibit a powerful anti-inflammatory effect.14 By inhibiting isoprenylation and preventing the formation of
geranylgeranyl pyrophosphate, rosuvastatin has been
shown to prevent Rho A translocation to the plasma
membrane, increasing the cytosol-to-membrane ratio in the myocardium and achieving infarct size reduction. 15 The inhibition of Rho also prevents its
inhibitory action on NO and thus provides a further
mechanism of NO upregulation.16
In the CARE study,17 patients with high levels of
serum amyloid A and C-reactive protein (CRP) had
a higher risk of cardiovascular events. Pravastatin reduced cardiovascular events by 54% in patients with
persisting inflammation. Moreover, the MIRACL
study, 18 which investigated the effect of high dose
atorvastatin, demonstrated a reduction in CRP levels
by 34% and serum amyloid A by 13%, associated with
significant reduction in recurrent ischemic events. In
addition, Tousoulis et al19 showed that even a low
dose of atorvastatin is able to reduce the levels of
inflammatory markers such as interleukin 6 (IL-6),
tumor necrosis factor alpha (TNF-a), soluble vascular
cell adhesion molecule 1 (sVCAM-1) and monocyte
chemotactic protein 1 (MCP-1) in patients who received statin treatment compared to those in the placebo
group.
Thrombosis

reduce matrix metalloproteinase (MMP) expression
and activity when administered to hyperlipidemic animals, and that this is accompanied by changes in plaque
morphology consistent with increased stability.22 Moreover, the plaque-stabilizing effects of statins in animal
models can apparently be achieved even independently
of cholesterol lowering, 22 which implies a direct effect of statins on the mechanisms leading to plaque
instability. Recent studies reported that statins prevent
plaque rupture in animal models of atherosclerosis via
decreased expression of MMP-9.23
Cardioprotection
The direct cardioprotective effect elicited by statin
therapy is due to the activation of the reperfusion
injury salvage kinase (RISK) pathway, the term given
to a group of pro-survival kinases whose activation at
the onset of myocardial reperfusion confers powerful
cardioprotection on the animal heart.24 In addition,
atorvastatin administered at the onset of myocardial
reperfusion reduced myocardial infarct size by 50%
in isolated perfused murine hearts; this protective
effect was mediated through the activation of the
PI3K-Akt-eNOS signal transduction pathway, given
that the infarct-limiting effects were abrogated in the
presence of a PI3K inhibitor and were lost in mice
lacking eNOS.25
Effects of statins on mortality and recurrent events

20

Sanguigni et al showed that statins have a beneficial
impact on the thrombotic process. This study enrolled
30 hypercholesterolemic patients and 20 controls. A
dose of 10 mg/day for a 3-day period significantly decreased platelet factors for thrombin formation, such
as CD40 ligand-mediators, thus proving the impact
of atorvastatin on thrombosis. Similarly, Tousoulis et
al21 showed that statins affect thrombosis. The study
recruited 45 patients with unstable angina and normal
cholesterol levels to receive atorvastatin 10 mg/day
for 6 weeks. Patients who did not take the medication
were characterized as controls. A low dose of atorvastatin blocked the elevation of von Willebrand factor
(vWF) levels during the first week of treatment, while
also inhibiting the expression of markers such as factor V, protein C and antithrombin III.

Previous studies have shown that statin treatment in
high risk patients significantly reduces the rate of subsequent acute coronary events and thus seems to have
a protective role.26-28 The majority of clinical studies
investigating the effects of statin therapy in patients
presenting with ACS have focused on the initiation
of statin therapy 1-2 days following admission. Large
randomized placebo-controlled studies have already
established chronic statin use as effective medical therapy for the primary and secondary prevention of cardiovascular events. Subsequent studies have begun to
investigate the effects of acute statin therapy on patients presenting with ACS, but in the majority of these
studies statin therapy was initiated 24 h after ACS.

Plaque stabilization

Data from large observational studies, which included patients treated with statins after an acute coronary event, suggest there are important benefits

A number of studies have demonstrated that statins
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in terms of the expected survival of these patients
(Table 2).
The RIKS-HIA trial29 studied 19,599 patients hospitalized for AMI. Among 14,071 patients not taking
a statin at discharge, the unadjusted 1-year mortal-

ity was 9.3%, compared with 4.0% among the 5,528
patients who received statin therapy at discharge.
When adjusted for 43 covariates, statin therapy at discharge was associated with a 25% relative risk reduction in 1-year mortality (3.7% vs. 5.0%). Interestingly,

Table 2. Observational studies with statin use in acute coronary syndromes.
Study

Population
(number)

Duration

Type of study

Comments on survival

RIKS-HIA29

AMI
(19,599)

12 months

Prospective

9.3% mortality in the non statin group
4.0% mortality in the statin group
RR: 0.75

PURSUIT & GUSTO II B30

ACS
(20,809)

1 month

Meta-analysis

↓ of risk to death: 3.72% →1.92% in those who
survived in 6 days
1.0% mortality in the non statin group
0.5% mortality in the statin group
3.5% mortality in the non statin group
1.7% mortality in the statin group

6 months
OPUS-TIMI 1631

ACS
(10,288)

1 month

Meta-analysis

↓Mortality
0.7% mortality in the statin group
2.4% mortality in the non statin group
3.1% mortality in the statin group
5.3% mortality in the non statin group
Adjusted RR: 0.31 in the statin group
and 0.50 in the non statin group

10 months

InTIME-II32

AMI
(14,124)

12 months

Meta-analysis

Unadjusted:
33% lower mortality in the statin group
3.0% mortality in the statin group
4.5 mortality in the non statin group
Multivariate adjustment:
20-36% lower mortality in the statin group

PRISM33

ACS
(1,616)

48 hours or 1
month

Retrospective

↓in the primary endpoint (adjusted hazard ratio,
RR: 0.49)
↓ recurrent ischaemia at 48 h in the statin group
(RR: 0.35) but not at 1 month.
↓ rate of revascularisation
(RR: 0.60) in the statin group
↓hospitalization in the statin group
11.5 days in the non statin group
9.2 days in the statin group

Meta-analysis of
SYMPHONY
& 2nd SYMPHONY34

ACS
(12,365)

3 months

Meta-analysis

No significant differences between the statin
group and nonstatin group at either 90 days or 1 year.

The 90-day adjusted HR for death 1.08
HR for death or MI 1.08
HR for death, MI or severe recurrent ischemia
1.15
1 year

1-year adjusted mortality 0.99
No significant differences between the two groups
for any of the secondary endpoints
In the statin group lower adjusted risk of stroke
alone (HR: 0.54)

↓ – reduction; ACS – acute coronary syndromes; AMI – acute myocardial infarction; HR – hazard ratio; RR – relative risk; UA – unstable
angina.
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this reduction in mortality following statin therapy was
independent of factors such as sex, diabetes mellitus, and
prior myocardial infarction. Similar results were found
by a meta-analysis of the data from the PURSUIT study
and the GUSTO IIb study.30 In 3,653 patients with ACS
who were treated with statins after discharge, there was
a significant reduction in mortality risk compared to the
placebo group (17,156 patients), not only after the first
month (0.5% vs. 1.0%), but also six months later (1.7% vs.
3.5%). The OPUS-TIMI 16 study,31 which recruited patients presenting with ACS who were treated with statins,
also showed that statin treatment resulted in a decrease
in mortality (0.7% vs. 2.4%) one month after the event.
The mortality difference also persisted at 10 months (3.1
vs. 5.3%). In addition, in the InTIME-II study,32 which
enrolled 14,124 patients, the unadjusted 1-year mortality
was 33% lower after statin treatment (3.0 vs. 4.5%), while
after a multivariate adjustment mortality was 20-36%
lower during the same period. Another observational
study, PRISM,33 retrospectively investigated the effects
of statin therapy in 1,616 patients hospitalized for ACS.
Most patients in the statin group received an intermediate
dose. The primary endpoint was death or nonfatal myocardial infarction during the 30-day follow up. Patients
receiving statin therapy had a significantly lower incidence
of the primary endpoint compared to patients who did not
receive statins (adjusted hazard ratio, 0.49). Statin therapy
was associated with a significant reduction in recurrent
ischemia at 48 hours but not at 30 days (adjusted hazard
ratio, 0.79), a lower rate of revascularization procedures,
and a shorter duration of hospitalization (11.5 vs. 9.2
days). In contrast, a meta-analysis of the SYMPHONY
and 2nd SYMPHONY studies,34 which included 12,365
patients with or without ST-segment elevation or UA,
who were not taking statins prior to the index ACS, found
no benefit to early statin therapy. The primary assessment looked at the association of early statin therapy
with 90-day death, death or myocardial infarction, death,
myocardial infarction, or severe recurrent ischemia, and
with 1-year death. There were no significant differences
between the statin and non-statin groups at either 90
days or 1 year. The 90-day adjusted hazard ratio was 1.08
for death, 1.08 for death or myocardial infarction, and
1.15 for death, myocardial infarction, or severe recurrent
ischemia.

Prospective studies
MIRACL was the first large scale trial18 that aimed to
investigate the effects of statins after ACS. The trial
254 • HJC (Hellenic Journal of Cardiology)

enrolled 3,806 patients with ACS who were treated
with atorvastatin 80 mg/day or placebo, 24-96 hours
after hospitalization, with a follow up of 4 months.
The results of this trial were a 42% reduction in LDL,
24% in triglycerides and 40% in CRP levels in the
atorvastatin group, while an increase was observed
in the placebo group. Over the period of 4 months,
the proportion of patients with recurrent events was
6.2% in the atorvastatin group versus 8.4% in the non
statin treated group. The L-CAD study,35 a smaller
study comparing intensive pravastatin treatment with
a combination of niacin and cholestyramine initiated
immediately after ACS, reported a 24% incidence
of recurrent events in the pravastatin group and
increased minimal lumen diameter after 2 years,
versus a 52% incidence of recurrent events and decreased minimal lumen diameter in the niacin and
cholestyramine group.
Further studies to clarify these issues became
more difficult, as justifying placebo control is ethically
difficult. Similarly results to the above were obtaimed
from the PACT study.36 Patients with ACS (3,048)
were randomized to receive pravastatin 40 mg/day
or placebo, beginning the first 24 hours after event
onset. After a 30-day period the reduction in risk
of recurrent events was 0.8%, while a relative risk
reduction of 6.4% was observed. In the double-blind,
randomized LIPID trial,37 the effects of pravastatin
(40 mg/day) were compared with those of a placebo
for a follow-up period of 6.1 years in 9,014 patients
admitted for ACS. The primary study outcome was
mortality from coronary heart disease. Death from
coronary heart disease occurred in 8.3% of the patients in the placebo group and 6.4% of those in the
pravastatin group, while there was a relative risk reduction by 24%. Overall mortality was 14.1% in the
placebo group and 11.0% in the pravastatin group.
The incidence of all cardiovascular outcomes was
consistently lower among patients assigned to receive
pravastatin, such as myocardial infarction (risk reduction by 29%), death from coronary heart disease
or nonfatal myocardial infarction (risk reduction by
24%), stroke (risk reduction by 19%), and coronary
revascularization (risk reduction by 20%).
The A-Z trial 38 focused on the effects of high
dose statin treatment. Specifically, simvastatin was
administered (40 mg/day), followed by a high dose
of simvastatin (80 mg/day) or placebo. High dose
statin treatment failed to reduce the number of recurrent events. Moreover, myopathy was observed at a
surprising rate. However, over the total of 2 years fol-
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low up there was a benefit from the more intensive,
earlier initiated regime with a modest non-significant
reduction in all-cause mortality and cardiovascular
death from 6.7 to 5.5% (p=0.08) and from 5.4 to 4.1%
(p=0.05), respectively. In contrast, in the PROVE
IT study,39 which included 4,612 patients with ACS,
the effects of an 80 mg/day dose of atorvastatin were
compared to those of a 40 mg/day dose of pravastatin
for 6 months. The atorvastatin group exhibited a 16%
lower incidence of recurrent events. All-cause mortality was also reduced by 28% in the high dose statin
group. The risk of the secondary endpoint of death
due to coronary artery disease (CAD), revascularization, or myocardial infarction was reduced by 14% in
patients randomized to atorvastatin. Patients in the
high dose statin group had a 25% risk reduction for
death, myocardial infarction, or revascularization.
Thus, these results demonstrated that high dose statin treatment may be more beneficial than low dose
statin treatment while still being safe for patients. Finally, the FLORIDA study,40in which 540 patients
with AMI were randomized to receive fluvastatin 80
mg/day or placebo within 14 days following an ACS
for one year, failed to corroborate the findings of the
MIRACL study. In this trial, there was no significant
change in ischemic events at 6 and 12 months. However, a tendency to a reduction in mortality of patients
with severe ischemia was observed in the fluvastatin
group (low statistical power). Overall, the mortality
rate for the fluvastatin group was 2.6% in one year
compared to 4.0% observed for the placebo group.
The failure of this study to show significant benefit
from statin therapy could be attributed to the dose of
fluvastatin and to the starting point of the treatment.
Data from randomized studies are given in Table 3.
A post hoc comparison41 of the studies suggests
that the differences in outcome can be explained by
slightly different cohort characteristics (in terms of
baseline inflammatory status, LDL-cholesterol levels,
intensity of statin therapy) and by a higher rate of prerandomization revascularization in the PROVE-IT
study. The overall conclusion of the comparison, however, remains that early initiation of statin therapy, with
or without appropriate revascularization, following an
admission for ACS brings a mortality benefit. Patients
not amenable to any revascularization procedure also
benefit from the early use of statins.42
Forthcoming trials
The FACS-trial43 is a multicenter, randomized, dou-

ble-blind, placebo-controlled study evaluating the
effects of fluvastatin therapy initiated at the time of
hospital admission. The study will enroll 1,000 participants admitted to hospital for ACS. The primary
endpoint of the study will be the impact of fluvastatin
therapy on levels of inflammatory markers. A combined secondary endpoint will be 30-day and one-year
occurrence of death, nonfatal myocardial infarction,
recurrent symptomatic ischemia, urgent revascularization, and cardiac arrest. In addition, another trial
still in process, which is designed to end by 2012, is
the IMPROVE IT trial.44 This is a randomized, double-blind study of subjects with stabilized ACS. The
primary objective is to evaluate the clinical benefit
of an ezetimibe+simvastatin combination compared
with simvastatin 40 mg/day. The clinical benefit will
be defined as the reduction in the risk of the occurrence of the composite endpoint of cardiovascular
death, major coronary events, and stroke.

Effects of statin treatment on lipid profile in patients
presenting with ACS
Despite the non-lipid beneficial effects of statins in
patients with ACS, it is very important to mention the
critical role of lipid levels in these patients. Several
trials have confirmed the benefit of cholesterol-lowering therapy in patients at high risk and support the
adult treatment panel III (ATPIII) treatment goal of
LDL<100 mg/dL. The major recommendations for
LDL modifications according to the ATPIII45 are: a)
for individuals at high risk, the recommended goal
for LDL levels is <100 mg/dL (moreover, when a
high risk patient has high triglycerides or low highdensity lipoprotein cholesterol (HDL) levels, combined treatment of a fibrate or nicotinic acid with an
LDL-lowering drug such as statins should be considered); b) for moderately high risk persons the recommended LDL goal is <130 mg/dL. Additionally, a
more aggressive approach, such as that proposed by
the PROVE IT-TIMI 22 trial,39 demonstrated that
LDL<70 mg/dl was associated with a greater reduction in coronary heart disease events than LDL<100
mg/dl after ACS. Generally, according to the ATPIII,
when LDL-lowering therapy is performed in high risk
or moderately high risk persons, it is advised that the
intensity of therapy be sufficient to achieve at least a
30% to 40% reduction in LDL levels. Furthermore,
apart from drug administration for achieving low
LDL levels, people with risk factors associated with
(Hellenic Journal of Cardiology) HJC • 255
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Table 3. Prospective trials with the use of statins in acute coronary syndromes.
Study

Population
(number)

Duration

Statin
(mg/day)

Comments on survival

MIRACL18

UA, non-Q AMI
(3,806)

4 months

Atorvastatin
(80 mg/day)

Placebo

16% RR reduction (statin group) in the
primary endpoint
26% RR reduction (statin group) in
rehospitalization for AMI
↓risk for recurrent events by 48%
RR for ischemic event: 0,83

L-CAD35

ACS
(126)

6 months and
24 months

Pravastatin or
cholestyramine
and niacin
(20-40 mg/day)
vs.
Placebo

23% of the patients in the statin group presented a
recurrent event
50% of the patients in the non statin group
presented a recurrent event
↑MLD in the statin group at 6 and 24 months
↓MLD in the non statin group at 6 and 24 months

PACT36

ACS
(3,408)

1 month

Pravastatin
(20-40mg/day)

11.6% of the patients in the statin group presented a
recurrent event
12.4% of the patients in the non statin group
presented a recurrent event
6.4% RR reduction
No other significant differences in the two groups

vs.

vs.
Placebo
LIPID37

ACS
(9,014)

73.2 months

Pravastatin
(40 mg/day)
vs.
Placebo

A-Z (2nd
phase)38

STEMI,
NSTEMI
(4,497)

3-6 months

Simvastatin
(40 mg/day)
followed by
Simvastatin
(80 mg/day)

8.3% death in the non statin group
6.4% death in the statin group
24% RR reduction
14.1% mortality in the non statin group 11.0%
mortality in the statin group (RR reduction 22%)
29% RR reduction for AMI in the statin group
19% RR reduction for stroke
20% RR reduction for coronary revascularization
16.7% of patients in the non statin group had a
recurrent event
14.4 % of patients in the statin group had a
recurrent event

vs.
Placebo
Simvastatin
(20 mg/day)
PROVE IT39

ACS
(4,162)

6 months

Atorvastatin
(80mg/day)
vs.
Pravastatin
(40mg/day)

FLORIDA40

AMI
(540)

12 months

Fluvastatin
(80mg/day)
vs.
Placebo

25% reduction in mortality (statin group)
28% reduction in CHF (statin group)
No significant difference in secondary endpoints of
MI and readmission for ACS,
16% RR in the hazard ratio
of death, MI, stroke, UA and
revascularization in the statin group
28% reduction in all-cause
mortality in the aggressive statin therapy group
14% risk reduction of the secondary endpoint of
death due to CAD, revascularization, or MI with
atorvastatin
No significant reduction in recurrent events
Tendency to reduce mortality in 1 year period in the
statin group (4% → 2.6%)

↑ – increase; ↓ – reduction; ΜLD – minimal lumen diameter UA – unstable angina; ACS – acute coronary syndromes; AMI – acute myocardial infarction;
HDL – high density lipoprotein cholesterol; LDL – low density lipoprotein cholesterol; Lp(a) – lipoprotein (a); CRP – C-reactive protein; CAD – coronary
artery disease, RR – relative risk; CHF – congestive heart failure; STEMI – ST-elevation myocardial infarction; NSTEMI – non ST-elevation myocardial
infarction
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lifestyle should also aggressively modify their lifestyle.
Besides the awareness regarding the modification
of LDL levels, triglyceride levels are also a potential
target for patients with ACS. Interestingly, Miller et
al 46 aimed to evaluate the impact of on-treatment
triglycerides on coronary heart disease risk after
ACS. The association between on-treatment levels
of triglycerides and LDL and the composite endpoint
of death, myocardial infarction, and recurrent ACS
was assessed 30 days after initial presentation. Ontreatment triglyceride levels <150 mg/dl were independently associated with a lower risk of recurrent
coronary heart disease events, lending support to the
concept that achieving low triglycerides may be an
additional consideration beyond low LDL in patients
after ACS.
Time point of statin administration and patients’
compliance with statin treatment
Since the publication of large scale studies, such as the
4S, the CARE and the LIPID trials, statins have been
recognized as an effective treatment for the secondary
prevention of cardiovascular events. In those trials,
statin therapy was started after a coronary event and
the benefit was observed after long-term use. Beyond
the favorable effects on lipid levels, statins have been
found to stabilize coronary plaques.47 Accordingly, in
patients with ACS it could be advantageous to start
statin treatment early after hospital admission. Two
observational studies have confirmed this hypothesis. In the Swedish myocardial infarction registry,48
and in the combined data sets of the GUSTO IIb
and PURSUIT trials, patients who received statin
therapy before hospital discharge had lower mortality
compared to those who were not discharged on lipidlowering agents.49
In contrast, in the SYMPHONY studies, statin
therapy within 3 days after admission was not associated with an improved outcome.34 Randomized trials
that have been conducted so far of early statin therapy
compared to controls in ACS patients showed mixed
results. The MIRACL trial18 reported a statistically
significant 16% lower rate of death and nonfatal major cardiac events at 4 months follow up in patients
receiving 80 mg/day of atorvastatin compared to placebo. In the MIRACL study,18 medication was initiated within 24-96 h after admission. In the FLORIDA
trial,40 fluvastatin therapy (80 mg/day) did not affect
the incidence of major adverse cardiac events when
compared to placebo. The median time to the initia-

tion of study medication after the onset of symptoms
was 8 days. The larger A to Z trial38 showed a favorable, but statistically non-significant trend towards
reduction of major cardiovascular events during 6-24
months’ follow up in patients receiving intensive simvastatin treatment (40 mg/day for 1 month followed
by 80 mg/day thereafter) when compared with those
receiving a less intensive treatment (placebo for 4
months followed by 20 mg/day of simvastatin). Study
medication in the A to Z trial was started after patients were stabilized for at least 12 h. Recently, Lenderink et al,48 analyzing data derived from an observational database of patients who were admitted for
ACS, suggested that very early statin therapy (within
24 hours after admission) is associated with reduced
mortality in patients presenting with myocardial infarction. However, the risk profile of patients receiving statins was more favorable compared with patients
not receiving statins on admission.
It is worth mentioning that studies have demonstrated that patients are more likely to continue
taking medications after hospital discharge if they are
prescribed during the initial inpatient stay. Probably,
hospital-based initiation of therapy may also help
alleviate patient concerns about monitoring, medication tolerability, and side effects. In one study of
medication compliance, 77% of patients who began
treatment with statins as inpatients were compliant
with their dosage regimens, compared with only 40%
of those who began treatment with a statin after hospitalization.50 Furthermore, improved drug compliance is associated with improved cholesterol parameters and reduced mortality among cardiovascular
patients.51 Although, there were insufficient data to
investigate compliance in this analysis, this is an important consideration for any treatment regimen.
Safety of statin use
Statins not only block the production of mevalonate,
an early metabolite in the cholesterol-production
pathway, but may also reduce other products of this
pathway, including geranylgeranyl pyrophosphate,
dolichols and ubiquinone. Statins are extremely well
tolerated by the majority of patients, but can produce
an unexplained myopathy with symptoms ranging
from mild myalgia to fatal rhabdomyolysis. 52 The
reported incidence of statin myalgia in clinical trials
is 3-5%,53 but rises to 10% in clinical, observational
studies of patients on high dose statins.54 Fatal rhabdomyolysis is estimated to occur in only 1.5 patients
(Hellenic Journal of Cardiology) HJC • 257
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per 10 million prescriptions.55 The risk of statin myopathy generally increases with the statin dose, so that
more patients are likely to be affected with the higher
doses currently used to achieve lower LDL goals.
The clinical presentation of statin myopathy, other
causes of creatine kinase increase, and the medications thought to increase the risk of statin myopathy
have been reviewed in detail elsewhere.56,57
The exact mechanism of statin myopathy is unknown, but decreased sacrolemmal, or sacroplasmic reticular cholesterol,58 reduced production of ubiquinone or coenzyme Q10,59 decreased production of prenylated proteins, changes in fat metabolism,60 increased
uptake of cholesterol61 or phytosterols,62 failure to
replace damaged muscle protein via the ubiquitin
pathway,63 disruption of calcium metabolism in the
skeletal muscle,64 and inhibition of selenoprotein synthesis,65 have all been suggested as possible etiologies.
Although the exact mechanism by which statins affect
muscle is unknown, statins may uncover previously
asymptomatic inherited muscle myopathies. Patients
with statin-induced myopathy who underwent mutation testing were four times more likely to have mutant alleles for muscle myopathies than asymptomatic
patients on statins.66 Furthermore, individuals with
genetic variants of the SLCO1B1 gene, which encodes
for the organic anion transporter and thereby affects
statin hepatic uptake, have an increased incidence
of rhabdomyolysis during statin therapy.67 In clinical
practice, if creatine kinase (CK) is elevated to more
than 10 times the upper normal limit (ULN), strong
consideration should be given to stopping therapy.
Some asymptomatic patients will have moderate (i.e.
between 3 and 10 times the ULN) CK elevations at
baseline, during treatment, or after a drug holiday.
Such patients can usually be treated with a statin without harm. However, particularly careful monitoring of
symptoms and more frequent CK measurements are
indicated. Importantly, myopathy (usually referring to
myalgias without creatine phosphokinase elevation) is
not only the main side effect of statins, which varies
between 5-10% in daily practice, but also a reason for
a long debate. Therefore, data from large scale studies have underestimated this side effect, mainly due
to the selection of patients who participated, as many
of those studies excluded patients with conditions
favoring myopathy.
Elevated hepatic transaminases generally occur
in 0.5% to 2.0% of cases and are dose-dependent.68,69
Whether transaminase elevation with statin therapy
constitutes true hepatotoxicity has not been deter258 • HJC (Hellenic Journal of Cardiology)

mined. Progression to liver failure specifically due to
statins is exceedingly rare, if it ever occurs.70 Reversal
of transaminase elevation is frequently noted with
a reduction in dose, and elevations do not often recur with either re-challenge or selection of another
statin. 71,72 Cholestasis and active liver disease are
listed as contraindications to statin use; however,
no specific evidence exists showing exacerbation of
liver disease by statins. Furthermore, statins have not
been shown to worsen the outcome in persons with
chronic transaminase elevations due to hepatitis B
or C, and treatment of hyperlipidemia may actually
improve transaminase elevations in individuals with
fatty liver.73 Therefore, modest transaminase elevations (less than 3 times the ULN) are not thought to
represent a contraindication to initiating, continuing,
or advancing statin therapy, as long as patients are
carefully monitored.
Regarding the carcinogenic effects of HMG-Co
A reductase inhibitors, such evidence should not be
generalized or misinterpreted. The majority of studies
showed a (significant) lack of association between statin
administration and cancer incidence. Thus, in a metaanalysis74 of data from 90,056 participants in 14 randomized trials of statins, not only did statin treatment prove
its beneficial effects, but also there was no evidence of
statin involvement in the increase of the incidence of
cancer overall (p=0.9) or at any particular site.
Conclusions
It is commonly accepted that HMG-Co A reductase
inhibitors represent a useful tool for secondary prevention, especially in patients with ACS. Beyond their
cholesterol-lowering effects, it is now well known that
they exert anti-inflammatory and anti-thrombotic
effects, while stabilizing atheromatous plaque. Moreover, a significant effect on survival of patients with
ACS has been reported in the majority of the studies.
However, many more randomized controlled trials
are required to evaluate the potential role of statins
in cardiovascular disease and especially in patients
with acute coronary syndromes.
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