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3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase 
inhibitors (statins) lower low-density lipoprotein (LDL) choles-

terol levels by decreasing endogenous cholesterol synthesis. Statins are 
used worldwide in patients with hypercholesterolemia and coronary 
artery disease (CAD). There is strong evidence supporting their effi-
cacy and use for both primary and secondary prevention, and in reduc-
ing mortality and nonfatal cardiovascular event rates. This effect can, 
however, be only partially explained by lipid-lowering mechanisms. 
During the past decade, substantial effort has been devoted to the 
investigation of the nonlipid-mediated action of statins, ie, their 
‘pleiotropic effects’. It has been shown that inhibition of HMG-CoA 
reductase not only decreases cholesterol synthesis, but also the produc-
tion of several isoprenoid metabolites, resulting in the inhibition of 
small GTP-binding proteins (eg, Ras, Rac, RhoA) responsible for 
various nonlipid-mediated activities (1) (Figure 1). Statins, therefore, 
also exert anti-inflammatory, antithrombotic and antioxidant 
effects, increase nitric oxide (NO) production and improve 
endothelial dysfunction (2). 

For many years, coronary atherosclerosis has been known to be 
associated with lipid metabolism disorders. However, it has been 
shown that ‘classical’ risk factors, such as hypercholesterolemia, 
hypertension, diabetes and cigarette smoking, cannot fully explain 
the development of coronary stenosis in all patients suffering from 
CAD. Intensive research on the pathogenesis of coronary plaque 
development and rupture led to the hypothesis of possible involve-
ment of other mechanisms in this process. Inflammation has been 
described as a particularly important factor in the development of 
CAD. The increased level of some inflammatory markers, such as 
C-reactive protein (CRP), has been shown to be one of the strongest 
risk factors for cardiovascular events. The activation of inflammatory 
pathways also likely plays a key role in coronary plaque destabiliza-
tion and rupture, with subsequent thrombosis development clinically 
manifested as acute coronary syndrome (ACS). Statins have been 
shown to modulate several mechanisms involved in the pathogenesis 
of ACS including inflammation, oxidative stress, endothelial dys-
function and thrombosis (1-3) (Figure 2). The heightened interest in 
the use of statins for the treatment of ACS is, therefore, completely 
justified.

VULNERABLE PLAQUE 
During recent years, marked progress has been made in understanding 
the pathogenesis of ACS. Several pathways have been found to par-
ticipate in the development of coronary instability, with the activation 
of inflammatory mechanisms likely playing an important role in 
plaque destabilization. Statins have been shown to simultaneously 
influence multiple factors that participate in this inflammatory pro-
cess. A brief overview of the current knowledge of the pathogenesis of 
vulnerable plaque development will provide a fundamental theoretical 
background, which is essential for a better understanding of the pos-
sible therapeutic targets for statins.

Based on pathological and angiographic studies, plaque fissuring or 
rupture was determined to be a trigger for coronary thrombosis, which 
is the cause of ACS in the majority of cases. Atherosclerotic plaque 
that is susceptible to disruption is identifiable by certain histological 
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It has repeatedly been shown that statins decrease morbidity and mortality 
in patients with atherosclerosis, thus supporting their use for the primary 
and secondary prevention of ischemic heart disease. Different pathological 
pathways that are triggered in the setting of acute coronary syndrome 
(ACS), such as endothelial dysfunction, activation of inflammatory and 
coagulation cascades, and thrombus formation, are known to be inhibited 
by statins, thereby justifying the use of these agents in patients with ACS.
Several recent prospective controlled clinical trials have demonstrated the 
safety and, in some cases, the efficacy of statins when administered early 
after ACS. An increasing number of publications have reported, however, 
that statins may confer a beneficial effect not only in early secondary pre-
vention, but also in the direct treatment of ACS (ie, when statins are 

administered as first-line treatment in clinically unstable patients). This 
therapeutic option is supported by the following: numerous experimental 
studies demonstrating a protective effect of statins under conditions of 
acute ischemia; analysis of different registries and trials, which has demon-
strated a more favourable prognosis for statin-treated patients at the time 
of acute myocardial ischemia; and small clinical trials reporting a lower 
periprocedural infarction rate during coronary intervention or lower levels 
of several prognostic biomarkers, in addition to a lower incidence of car-
diovascular events associated with statin therapy. Nevertheless, confirma-
tion of this hypothesis in large prospective controlled clinical trials will be 
necessary before the implementation of statins as first-line therapy in 
unstable patients with ACS, irrespective of blood cholesterol levels.
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Figure 1) Schematic illustration of the mevalonate pathway and the effects 
of the inhibition of HMG CoA inhibition by statins. ↓ Decrease; ↑Increase; 
HMG CoA 3-hydroxy-3-methylglutaryl coenzyme A; NOS Nitric oxide 
synthase; PP Pyrophosphate 
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features: it usually contains a large lipid pool; an accumulation of 
macrophages; and a thin fibrous cap (4-7). The mediators contributing 
to plaque vulnerability may be divided into extrinsic and intrinsic fac-
tors (8,9). Extrinsic factors actually trigger plaque disruption and 
include circumferential stress, hemodynamic shear stress, vasospasm or 
a prothrombotic milieu (9-12). Intrinsic factors are responsible for 
susceptibility to plaque rupture or directly cause it. Intrinsic factors 
include the size and composition of the lipid core, neovasculariza-
tion, endothelial erosion/fissure, low cap thickness, inflammation, 
increased levels of matrix degradation enzymes, a decreased number of 
smooth muscle cells (SMCs) and low collagen content, outward 
remodelling and nodular calcification (9). 

Several cell types are intimately involved in the pathogenesis of 
vulnerable plaque development.

Macrophages
Lesional macrophages overexpress various enzymes, signalling mol-
ecules, proinflammatory cytokines and other active substances. 
Proteinases produced by macrophages include members of the matrix 
metalloproteinase (MMP) family, represented by collagenases MMP-1, 
MMP-8 and MMP-13. Collagenases are believed to be responsible for 
fibrous cap degradation (4,13), which is associated with the loss of 
tensile stress tolerance (14). Other enzymes expressed by macrophages 
are myeloperoxidases, which play a major role in the release of reactive 
oxygen species, resulting in oxidative stress (OS). OS may activate 
other cell types such as endothelial cells (ECs) and different MMPs 
(MMP-2, MMP-9 and MMP-14) (15-17). Macrophages in atheromas 
also secrete several pro-inflammatory cytokines: interleukin (IL)-1 
beta, IL-2, tumor necrosis factor-alpha and interferon gamma; and 
growth factors: vascular endothelial growth factor, macrophage colony-
stimulating factor, which lead to activation and/or proliferation of 
other cell types such as SMC or ECs (18). Moreover, lesional macro-
phages also express tissue factor (TF), a potent initiator of the coagula-
tion cascade, and plasminogen activator inhibitor 1, a fibrinolysis 
inhibitor (19-20). These agents may accelerate thrombus formation 
after fibrous cap disruption (4). Recently, lipoprotein-associated phos-
pholipase A2 (Lp-PLA2) was introduced, not only as a risk factor 
markedly associated with higher incidence of cardiovascular events, 
but also as a potentially important pathogenic factor participating in 
the progression of atherosclerosis (21). Lp-PLA2 is an enzyme pro-
duced by macrophages, foam cells, mast cells and T-lymphocytes in 
atherosclerotic plaques, and by liver cells (22). Lp-PLA2 is responsible 
for the hydrolysis of oxidized phospholipids, which leads to the pro-
duction of highly proinflammatory products (eg, lysophosphatidyl-
choline and oxidized nonesterified fatty acids) (22). In the blood, 
Lp-PLA2 is predominantly associated with low-density lipoprotein 
(LDL) (22). This enzyme has been found in both stable and vulnerable 
atherosclerotic plaques; a significantly higher concentration of 
Lp-PLA2 in vulnerable and ruptured plaques has been reported. In 

these unstable plaques, Lp-PLA2 is localized not only in the necrotic 
core, but also in the subendothelial space of the regions within the 
thin fibrous cap or at the site of plaque rupture (23,24). Secretory 
phospholipase A2 (sPLA2) is another enzyme participating in the 
development of atherosclerotic lesions. Both Lp-PLA2 and sPLA2 
cleave the oxidized fatty acid side chain of oxidized phospholipids; in 
contrast to Lp-PLA2, sPLA2 is a relatively small molecule and is 
expressed in hepatocytes, macrophages, platelets and vascular smooth 
muscle cells (25-27). Similarly to Lp-PLA2, however, sPLA2 has been 
detected in plaque areas with massive lipid accumulation, leukocyte 
infiltration, cellular necrosis and calcifications (25). Elevated levels of 
sPLA2 mass and/or activity are associated with increased risk of 
cardiovascular events (25-27).

Endothelium
Another major contributor to coronary plaque vulnerability are EC. 
Expression of different surface molecules (eg, vascular cell adhesion 
molecule 1 [VCAM-1], selectin E and selectin P) and production of 
proinflammatory substances (eg, monocyte chemoattractant protein 1) 
by EC lead to leukocyte recruitment and the formation of macrophage-
rich atheromas (28-31). In atheromas, the expression of endothelial 
NO synthase (eNOS), which produces NO from L-arginine, is also 
decreased (32).

SMCs
Proliferation of SMCs, similar to the production of different compon-
ents of the extracellular matrix (ECM) by SMCs, is considered to be 
important for plaque stability (33). Advanced atherosclerotic lesions 
are, however, characterized by a paucity of SMC proliferation and 
decreased collagen content (10,13,33).

T lymphocytes
Different types of T lymphocytes have been detected in atherosclerotic 
plaques. Interactions between various phenotypes of CD4+ T lympho-
cytes (Th cells) likely play an important role in unstable coronary 
plaque development. While the Th1 response, characterized by the 
production of interferon-gamma and IL-12, decreases SMC proliferation 
and ECM synthesis, the Th2 response (production of IL-4, IL-5 and 
IL-10) inhibits the development of atherosclerosis, possibly by inhib-
iting apoptosis and downregulating the Th1 response (9,34,35).

PLEIOTROPIC EFFECTS OF STATINS
As mentioned above, statins are highly effective for the treatment of 
dyslipidemias. Statins significantly reduce total cholesterol (TC), 
LDL-cholesterol and triglyceride levels, and increase high-density 
lipoprotein (HDL)-cholesterol levels after several weeks of therapy 
(36,37). However, statins also exert a variety of nonlipid effects known 
as ‘pleiotropic effects’. During the past several years, it has repeatedly 
been observed that statins influence several mechanisms that are intim-
ately involved in the development of vulnerable plaque (Figure 2). 
Discovery of these pleiotropic effects, therefore, strongly supports the 
concept of using statins for the treatment of ACS.  

Anti-inflammatory effects of statins
As described above, inflammation is probably intimately involved in 
the pathogenesis of atherosclerosis and in the development of coron-
ary plaque vulnerability. Increased levels of a variety of circulating 
markers of inflammation (CRP, serum amyloid A, heat-shock protein 
65, IL-6 and circulating adhesion molecules ICAM-1 and VCAM-1) 
have been reported to be related to the severity of atherosclerosis and 
to the poorer prognosis of patients with ischemic heart disease. CRP 
levels, one of the most important risk factors for cardiovascular events, 
have repeatedly been shown to be reduced by different statins in human 
trials – a reduction that was independent of their lipid-lowering effect 
(38-46). The best evidence of a direct effect of statins on CRP produc-
tion comes, however, from experimental studies showing reduction in 

Figure 2) ‘Pleiotropic’ effects of statins. ACS Acute coronary syndrome
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CRP levels by statins even in cultured human hepatocytes (47). 
Furthermore, statins suppressed the secretion of some cytokines, such 
as IL-1, IL-6, IL-8, tumour necrosis factor-alpha and monocyte 
chemoattractant protein-1 (48-55), as well as the production of MMPs 
(50,56-58). Moreover, reductions in the levels of circulating adhesion 
molecules ICAM-1, P-selectin, and E-selectin after statin therapy has 
been described (59-61). It has been shown that long-term, intensive 
statin therapy may also decrease Lp-PLA2 levels by more than 20% 
(62); this is, however, largely due to the fact that most Lp-PLA2 is 
bound to apoB-containing particles, the concentration of which is 
reduced by statins.

Antioxidant effects of statins
Reactive oxygen species are directly involved in the degradation of NO 
and enhance endothelial dysfunction; moreover, oxidation of LDL con-
tributes to foam cell formation by increasing the accumulation of chol-
esterol in macrophages and stimulating thrombosis and inflammation 
(63). It has been demonstrated that fluvastatin exerts a superoxide or 
hydroxyl radical scavenging activity, and reduces susceptibility of LDL 
to oxidation (64-67), while cerivastatin has superoxide scavenging 
activity and preserves active NO (68-69). Another member of the statin 
group, atorvastatin, has been shown to decrease free radical-induced 
lipid peroxidation in plasma and increase total antioxidant status (70). 
Furthermore, it has been shown that statins inhibit reactive oxygen spe-
cies production via inhibition of NADPH oxidase activation (71).

The effect of statins on endothelial dysfunction
Endothelial dysfunction can be described as an imbalance between the 
compensatory mechanisms responsible for vasoconstriction and vaso-
dilation. Endothelium-derived vasorelaxation is mediated by NO and, 
in contrast, endothelin-1 (ET-1) and angiotensin are potent vasocon-
strictive agents (63).
Effects of statins on NO: NO plays a protective role in CAD via its 
vasodilating effect, modification of the inflammatory response, decrease 
of SMC proliferation, and leukocyte and platelet activation (63,72,73). 
Furthermore, NO reduces the endothelial expression of adhesion mol-
ecules, monocyte adhesion to the endothelium, and decreases produc-
tion of IL-6 and IL-8 (63,74). Increases in NO production, mediated by 
upregulation of eNOS, have been observed after administration of 
statins in different experimental models, even in cell cultures in the 
absence of any lipid medium (68,69,75-77). A possible explanation for 
this effect is the reduced level of cholesterol-synthesis metabolites, such 
as mevalonate, geranyl-pyrophosphate, farnesyl-pyrophosphate or 
geranylgeranyl-pyrophosphate, with subsequent inhibition of Ras, Rho 
and Rac proteins, leading to suppressed NADPH oxidase activation, 
reduced eNOS messenger RNA (mRNA) degradation and resulting in 
higher eNOS level and activity (63,77-81) (Figure 1). 
Effects of statins on ET-1: ET-1 is synthesized by ECs and has an 
action opposite to NO, ie, it stimulates vasoconstriction and vascular 
cell proliferation, and acts as a platelet activator (63,82). In experi-
mental models, the activation of ET-1 expression promotes the 
development of atherosclerosis (83). Administration of statins induces 
downregulation of pre-pro ET-1 mRNA levels (84); however, it 
remains unclear whether this is a direct effect of statins on ET-1 syn-
thesis or whether it is mediated by statin-induced increase of NO 
production that can exert a similar effect on ET-1 (63,84).

In clinical settings, the effect of statins on endothelial dysfunction 
has been assessed mostly by the measurement of flow-mediated dilation 
(FMD), a parameter that is impaired in patients with atherosclerosis 
(85,86). Administration of statins in patients with hypercholesterol-
emia and/or CAD has been reported to significantly improve FMD 
independent of any cholesterol-lowering effect (85-89). Clear evidence 
of the direct, lipid-independent effect of statins on endothelial dysfunc-
tion was shown by Landmesser et al (90) in their study comparing the 
effects of simvastatin and ezetimib: despite a similar reduction in circu-
lating LDL by both agents, simvastatin significantly improved FMD 
and the number of functionally active endothelial progenitor cells.

Antithrombotic effects of statins
It has been repeatedly demonstrated in cultured monocytes/macro-
phages, SMCs and endothelial cells that statins can reduce the level 
and activity of TF, which initiates the coagulation cascade by acti-
vating factors IX and X (57,91-95). This effect of statins was also 
confirmed in vivo in animal models and in human studies (57,95-99). 
On the other hand, statins have been shown to decrease total levels 
of the TF pathway inhibitor (TFPI), a potent anticoagulant agent 
(100-103); however, statins do not influence the level of  free TFPI 
(100,102,103). Because the anticoagulant activity of TFPI is related 
only to the free fraction of TFPI (103,104), this molecule appears to 
play a relatively marginal role in the global anticoagulant activity of 
statins (104). 

Based on studies evaluating the effect of statins on prothrombin frag-
ment (F1+2), fibrinopeptide A and thrombin-antithrombin III com-
plexes, statins have been found to significantly decrease thrombin 
formation (98,105-110). It has been shown that this effect results not 
only in the inhibition of platelet-dependent thrombin formation but 
also in decreased expression of TF (92,104).

Clinical trials have reported contradictory data on the effect of 
statins on fibrinogen levels, one of the important risk factors for 
cardiovascular events (111-115). This discrepancy could be at least 
partially explained by the different methods used in these studies 
(104). Factor VII, factor VIII and von Willebrand factor have also 
been identified as predictors of increased risk for CAD (116). 
Although data in the literature regarding the effect of statins on these 
factors are inconsistent, the majority of studies have demonstrated 
favourable results (104). 

Statins, however, influence not only coagulation but also fibrino-
lytic activity. In vitro studies have repeatedly demonstrated that 
administration of statins results in an increase in the level, activity and 
synthesis of tissue plasminogen activator and, simultaneously, in a 
decrease in the level, activity and synthesis of plasminogen activator 
inhibitor-1 (76,115,117-123). Although there is general agreement 
among the in vitro studies concerning the fibrinolysis-stimulating role 
of statins, clinical trials have produced less convincing results (104). 
These clinical studies are, however, inconsistent with respect to inclu-
sion criteria, type of statin and dosage used, duration of treatment and 
methodological approaches (104).

STATINS IN EARLY SECONDARY PREVENTION
There is overwhelming evidence generated from large prospective trials, 
such as the Scandinavian Simvastatin Survival Study (4S) (124), the 
Cholesterol and Recurrent Events (CARE) trial (125) or the Long-
Term Intervention with Pravastatin in Ischaemic Disease (LIPID) trial 
(126), supporting the beneficial role of statins in the therapy of stable 
forms of CAD. The discovery of the nonlipid effects of statins in recent 
years has, however, been immediately reflected in the efforts to also use 
statins in less stable patients. Different observational studies have been 
published demonstrating the favourable effects of statin therapy when 
started soon after the onset of ACS. Furthermore, several randomized 
prospective trials have been performed to evaluate the effect of statins 
when administered early after the onset of ACS. 

Observational studies
A large, prospective cohort study using data from the Swedish Register 
of Cardiac Intensive Care (RIKS-HIA) demonstrated that early initia-
tion of statin therapy in patients with acute myocardial infarction 
(AMI) was associated with a reduced one-year mortality rate (risk 
ratio [RR] 0.75; P=0.001) (127). Post hoc analysis of two randomized 
trials – Global Use of Strategies to Open Occluded Coronary Arteries 
(GUSTO IIb) and Platelet Glycoprotein IIb/IIIa in Unstable Angina: 
Receptor Suppression Using Integrilin Therapy (PURSUIT) – showed 
that patients with ACS discharged on lipid-lowering drugs demon-
strated a survival benefit at six months (RR 0.48; P<0.001) (128). In 
the Orofiban in Patients with Unstable Coronary Syndromes/
Thrombolysis in Myocardial Infarction (OPUS/TIMI 16) study (129), 
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mortality at one month was reduced in patients treated with lipid-
lowering drugs (RR 0.30; P<0.001). The analysis of the Sibrafiban 
Versus Aspirin to Yield Maximum Protection from Ischemic Heart 
Events Post-Acute Coronary Syndromes (SYMPHONY) trial demon-
strated lower mortality in statin-treated patients at three months 
(RR 0.58; P<0.05) (130). Subgroup analysis of the Platelet Receptor 
Inhibition in Ischemic Syndrome Management (PRISM) (131) study 
demonstrated a more favourable prognosis for statin-treated patients 
compared with patients without statin therapy. Surprisingly, the worst 
prognosis in this analysis was described in patients in whom statin 
therapy was withdrawn after hospital admission for ACS. Early use of 
statins in patients with AMI was associated with a reduced in-hospital 
mortality rate in the Maximized Individual Therapies in Acute 
Myocardial Ischemia (MITRA) registry (132). It has been shown that 
statin therapy also improved prognosis in patients undergoing percuta-
neous coronary intervention (133). It should, however, be emphasized 
that the risk reduction in most of the above mentioned analyses was 
far greater than anything observed in large randomized controlled 
trials; it is, therefore, very likely that there were unaccounted con-
founders influencing the results.

Randomized trials
Recently, several randomized trials evaluating statin therapy started 
early after ACS onset have been published. A brief summary of their 
design and results for the primary end points are presented in Table 1.

The Myocardial Ischemia Reduction with Aggressive Cholesterol 
Lowering (MIRACL) trial (134) randomly assigned 3086 patients 
with unstable angina or non-Q-wave AMI to atorvastatin 80 mg or 
placebo within 24 h to 96 h after hospital admission; treatment con-
tinued for 16 weeks. The investigators reported a 16% relative reduc-
tion in the combined end points of death, recurrent nonfatal AMI, 
resuscitated cardiac arrest and recurrent ischemia requiring repeated 
hospitalization (14.8% versus 17.4%; RR 0.84; P=0.048). This benefit 
was largely driven by a reduction in the endpoint of recurrent ischemia 
requiring hospitalization (6.2% versus 8.4%; RR 0.74; P=0.02). 
Limitations of this study from the current point of view were the 
exclusion criterion of coronary intervention undergone or planned; 
only conservatively treated patients were included in this study.

The Pravastatin in Acute Coronary Treatment (PACT) trial (135) 
evaluated the effect of pravastatin administration within 24 h of the 
onset of symptoms in patients with ACS. The recruitment of 
10,000 patients was planned; however, the study was stopped early. A 
total of 3408 patients were randomly assigned to pravastatin 20 mg, 
40 mg or placebo. After 30 days of follow-up, no significant difference in 
the occurrence of major adverse cardiac events (MACE) was observed.

In the Prevention of Ischemic Events by Early Treatment of 
Cerivastatin Study (PRINCESS) (136), patients were randomly assigned 
within 48 h of admission for ACS to cerivastatin or placebo. This trial 
was prematurely stopped after cerivastatin was withdrawn from the 
worldwide market. Data obtained from a total of 3600 patients who were 
followed-up for 4.5 months were analyzed; no significant difference in 
the occurrence of MACE was found between the groups. 

The Lescol Intervention Prevention Study (LIPS) (137) enrolled 
1677 patients who were scheduled for a first percutaneous coronary 

intervention (PCI) procedure for stable angina, unstable angina or 
silent ischemia. Patients were randomly assigned to fluvastatin 40 mg 
twice daily or placebo at an average of 2.7 days after the procedure. 
Statin therapy resulted in a reduction of the occurrence of MACE at a 
median follow-up period of 3.9 years (21.4% versus 26.7%; RR 0.78; 
P=0.01). It should, however, be mentioned that only approximately 
49% of patients in both groups were categorized as ‘unstable angina’ 
and the number of patients with confirmed ACS was not published.

The Fluvastatin on Risk Diminishing After Acute Myocardial 
Infarction (FLORIDA) trial (138) randomly assigned 540 patients 
with AMI to fluvastatin or placebo within 14 days of the index MI. 
The primary end point was reduction in cardiac ischemia, which was 
determined by ambulatory Holter monitoring. No differences in the 
occurrence of ischemia were observed and, similarly, there were no 
differences in mortality rates or the rate of MACE after one year.

The Pravastatin Turkish Trial (PTT) (139) was a small study that 
randomly assigned 150 patients with AMI to pravastatin 40 mg or no 
lipid-lowering drug within 6 h of hospital admission. All patients were 
treated with intravenous fibrinolytic therapy. At six months, no difference 
was found in mortality; the pravastatin-treated group, however, experi-
enced fewer recurrent ischemic events compared with the placebo group.

The Lipid-Coronary Artery Disease (L-CAD) trial (140) was pri-
marily designed to examine the effect of pravastatin on angiographic 
regression of atherosclerosis. In the L-CAD study, 126 patients who 
had undergone PCI for ACS were randomly assigned to pravastatin 
20 mg to 40 mg (with or without cholestyramine and/or nicotinic 
acid) or to usual care determined by a family physician, and patients 
were enrolled by hospital discharge. After two years of follow-up, fewer 
patients in the pravastatin group experienced MACE compared with 
the usual care group (OR 0.28; P=0.005); it should, however, be men-
tioned that the event reduction in this small open-label study is far 
greater than in large, placebo-controlled trials, again indicating pos-
sible unaccounted confounders that influenced the results.

Phase Z of the A to Z trial (141) compared an early intensive strat-
egy with a delayed conservative strategy of simvastatin therapy in 
patients with ACS. Within five days of the onset of symptoms, a total of 
4497 patients were randomly assigned to simvastatin 40 mg daily for 
one month followed by 80 mg daily thereafter, or to placebo for four 
months followed by simvastatin 20 mg daily. The rates of MACE were 
not significantly different between the early intensive and the delayed 
conservative group, either at four months or at two years.

The Pravastatin or Atorvastatin Evaluation and Infection Therapy-
Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI 22) trial 
(142) randomly assigned 4162 patients within 10 days of hospital 
admission for ACS to pravastatin 40 mg daily (standard therapy) or 
atorvastatin 80 mg daily (intensive therapy). After a median follow-up 
period of two years, the rate of MACE was significantly lower in the 
intensive therapy group compared with the standard therapy group 
(22.4% versus 26.3%; RR 0.84; P=0.005).

Recently, several meta-analyses of randomized clinical trials evalu-
ating statin therapy started early after ACS onset have been published. 
They have clearly shown that administration of statins does not influ-
ence the rates of nonfatal myocardial infarction, the number of cere-
brovascular events or mortality rate within the first four months. 

TAble 1
large randomized trials evaluating early statin therapy after the onset of acute coronary syndrome
Trial (reference) Drugs studied Primary end point Results
MIRACL (134) Atorvastatin/placebo MACE RR 0.84; P=0.048
PACT (135) Pravastatin/placebo MACE P not significant
FLORIDA (138) Fluvastatin/placebo Ischemia P not significant
A to Z (141) Simvastatin/placebo MACE P not significant
PROVE-IT (142) Atorvastatin/pravastatin MACE RR 0.84; P=0.005
FLORIDA Fluvastatin on Risk Diminishing After Acute Myocardial Infarction; MACE Major adverse cardiac events; MIRACL Myocardial Ischemia Reduction with 
Aggressive Cholesterol Lowering; PACT Pravastatin in Acute Coronary Treatment; PROVE-IT Pravastatin or Atorvastatin Evaluation and Infection Therapy-
Thrombolysis in Myocardial Infarction 22  
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Thereafter, however, the beneficial effect of statin therapy on cardio-
vascular events became detectable, reaching statistical significance at 
six months and persisting for two years of follow-up (HR 0.84 [95% CI 
0.76 to 0.94]) (143-146).

It can be concluded that these prospective trials have shown safety 
and, in some cases, also benefit of the early initiation of statin therapy 
after ACS. It is important to emphasize that atorvastatin 80 mg is the 
only agent/dose proven in randomized controlled trials to have benefit 
after ACS, either against placebo (MIRACL) or against another statin 
regimen (PROVE-IT). Despite this evidence, now available for more 
than 10 years, it is surprising that only about one-half of patients with 
ACS are treated with an intensive statin regimen, according to a 
recent analysis (147). Thus, there remains a gap between evidence and 
clinical practice in the use of statins after ACS .

STATINS IN ACS THERAPY 
It is necessary to stress that all of the above-mentioned trials were 
designed for early (in some cases ‘very early’) secondary prevention, 
but not for initial, emergency department therapy of ACS. In all these 
studies, patients were randomly assigned at least several hours and, in 
most cases, even several days after hospital admission. During such a 
long period of time, the majority of patients were already clinically 
stable (clinical stabilization was also an inclusion criterion in some of 
the trials). In the context of the above-described pathogenesis of vul-
nerable plaque development and mechanisms of the pleiotropic effects 
of statins, it is obvious that there are relevant reasons to test adminis-
tration of these drugs not only for secondary prevention, but also dir-
ectly for the treatment of ACS when administered to patients who are 
particularly unstable.

As discussed above, the pleiotropic effects of statins may affect dif-
ferent pathogenic pathways participating in the development of vulner-
able plaque and in the pathogenesis of ACS. Expanding this suggestion, 
statins may significantly contribute to plaque stabilization, reduction of 
thrombus formation and acceleration of fibrinolysis. It may, therefore, 
be fruitful to investigate possible additional favourable effects of 
immediate, first-line statin therapy in the emergency department or 
catheterization laboratory at the time of coronary instability, rather 
than initiation after the acute event or at hospital discharge (148). 

Animal studies
It has repeatedly been demonstrated in animal models that treatment 
with statins berfore the onset of myocardial ischemia reduces ischemia-
reperfusion injury. In 1999, Lefer et al (149) demonstrated the cardio-
protective effect of simvastatin in a model of isolated perfused rat 
heart, when simvastatin was administered before the induction of 
ischemia and before any effects on circulating lipoproteins. Simvastatin 
inhibited leukocyte-endothelium interactions and improved contract-
ile parameters. Ueda et al (150) reported that pravastatin treatment 
decreased infarct size after experimentally induced ischemia and 
ischemic preconditioning in hypercholesterolemic rabbits. In another 
study, Lefer et al (151) demonstrated reduction in infarct size after 
simvastatin treatment in a diabetic mouse model. It has also been sug-
gested that this protective effect may be at least partly mediated by the 
stimulation of eNOS and the subsequent increased production of NO 
(151,152).

While these experimental studies demonstrate the impact of pro-
phylactic therapy, they do not address the question of whether patients 
with ACS may benefit from the initiation of statin therapy after the 
onset of ischemia or before reperfusion. Bauersachs et al (153) failed to 
demonstrate a reduction in infarct size when the statin was adminis-
tered 24 h after the onset of myocardial ischemia, a time frame similar 
to the protocol described in of most of the above-mentioned random-
ized clinical trials. A study by Hayashidani et al (154) was among the 
first to demonstrate a significant benefit of statin therapy started 
immediately after the onset of ischemia. The authors described lower 
mortality rates in mice subjected to coronary artery ligation and fluv-
astatin therapy initiated immediately following the procedure. 

Furthermore, fluvastatin in this study attenuated left ventricular 
remodelling, decreased the incidence of heart failure and reduced the 
activity of MMPs. Bell and Yellon (155) demonstrated the beneficial 
effect of atorvastatin administered at the time of reperfusion: in the 
experimental model of isolated perfused mouse heart, atorvastatin 
reduced ischemia-reperfusion injury (infarct size) when added to the 
perfusion solution. The results of this in vitro study were confirmed by 
Wolfrum et al (156) in an in vivo study of experimental infarction in 
rats. The investigators administered simvastatin intravenously 3 min 
before restoration of flow after a temporary coronary artery occlusion; 
simvastatin treatment decreased infarct size by 42%. The two most 
recent studies have also shown another important aspect of the 
immediate effect of statin therapy: they demonstrated an acute 
increase in eNOS activity, which is probably not related to the up-
regulation of eNOS, by stabilizing eNOS mRNA. To stabilize eNOS 
mRNA in a cell-culture system (75), several hours of statin treatment 
is required. The acute stimulation of eNOS activity is, however, at 
least partially mediated by the PI 3-kinase/Akt pathway, which is 
capable of phosphorylating eNOS within minutes (155,156). Zheng 
and Hu (157) demonstrated the protective effect of simvastatin when 
it was added to reperfusion solution in an isolated perfused rat heart 
model. In the same model, our group observed that acute administra-
tion of simvastatin during reperfusion protects myocardial contractile 
parameters from ischemia-reperfusion injury (158). In contrast, long-
term pretreatment with simastatin in this study was associated with 
only a marginal effect.

Inflammatory markers
A recent prospective pilot trial evaluated the effect of statins as a part 
of  first-line therapy in patients with ACS. Forty-four consecutive 
patients with ACS without ST segment elevation were randomly 
assigned at admission to cerivastatin 0.3 mg or no statin therapy (159). 
Twenty-four hours after hospital admission (and after the initiation of 
statin therapy), a significant reduction in the level of inflammatory 
markers CRP and IL-6 was observed in the cerivastatin-treated group 
compared with the untreated group. These results were confirmed by 
other authors that observed reduction of inflammatory markers by 
statins administered in first-line therapy of ACS. Luo et al (160) com-
pared the effect of simvastatin 20 mg and placebo on the levels of CRP 
and IL-6 in 50 patients with ACS. After three weeks of therapy, they 
found significantly lower levels of both biomarkers in the simvastatin 
group. Macin et al (161) randomly assigned 90 ACS patients to ator-
vastatin 40 mg and placebo. They described significantly lower CRP 
levels in the atorvastatin group at discharge and at 30 days. 

Lipid parameters
For many years, ACS was recognized as a strong stress factor associated 
with marked spontaneous changes in lipid parameters, and it has been 
speculated that the effect of statins on cholesterol levels can be 
detected only after several weeks of therapy. Recently, however, it has 
been shown that the current management of ACS results in only clin-
ically insignificant spontaneous changes in lipoprotein levels during 
the course of ACS (162). In general, 90% of the eventual LDL reduc-
tion with statins is seen 14 days after initiation of treatment; however, 
smaller effects may be observed much sooner. Our group has studied 
the immediate effect of statins on lipid parameters in 64 ACS patients 
randomly assigned at admission to fluvastatin 80 mg or standard ther-
apy without statin during the initial days of therapy. We observed sig-
nificant reduction of TC, LDL-cholesterol and HDL-cholesterol levels 
by 14.5%, 17.2% and 10%, respectively, only 24 h after initiation of 
statin therapy (163). We observed similar alterations in lipid levels in 
the analysis of a group of 114 ACS patients who were treated with 
atorvastatin 80 mg (164). The acute reduction in HDL levels in the 
above studies is in contrast to the increases in HDL levels observed 
with long-term statin therapy; this may not be the result of statin ther-
apy but just the acute phase response. The acute effect of statins on 
lipid levels was also investigated in several other studies with nonacute 



Ostadal

Exp Clin Cardiol Vol 17 No 4 2012232

patients. Michelena et al (165) observed a reduction in TC and LDL 
levels after three days of therapy with simvastatin 80 mg in stable 
patients with high cardiovascular risk. Similarly, Marchesi et al (87) 
described decreases in TC and LDL levels after one week of atorvas-
tatin therapy in hypercholesterolemic females. On the other hand, 
Tsunekawa et al (88) did not detect any difference after three-day 
cerivastatin therapy in diabetic patients; however, relatively low daily 
doses were used (0.15 mg).

These results indicate that statin therapy initiated early in ACS 
patients can influence lipid parameters as quickly as inflammatory 
markers. It is possible that rapid reduction of cholesterol levels may  
help to promote early coronary plaque stabilization by statins.

Clinical outcomes
Based on the experimental and surrogate clinical findings mentioned 
above, there are strong reasons to believe that administration of statins 
as first-line therapy for ACS may also improve clinical outcomes. 
Current evidence supporting the clinical efficacy of statins adminis-
tered directly for the treatment of ACS, however, remains limited.

The first multicentre, randomized, double-blind, placebo-controlled 
study that focused on the effect of statin therapy initiated as first-line 
therapy of ACS was the Fluvastatin in the therapy of Acute Coronary 
Syndrome (FACS) trial (166). One-hundred fifty-six ACS patients 
were randomly assigned at the time of hospital admission to fluvastatin 
80 mg or placebo. Study medication was administered for 30 days, after 
which time patients in both groups were encouraged to continue with 
open-label statin therapy. The primary end points were CRP, IL-6 and 
pregnancy-associated plasma protein A (PAPP-A) levels, which 
remained the same in both groups. In contrast, fluvastatin therapy was 
associated with a significant reduction in the cardiovascular event rate 
at one year (combined secondary end point) (11.5% versus 24.4%; 
OR 0.40 [95% CI 0.17 to 0.95]; P=0.038). Despite the small study 
population and other limitations, results of the FACS trial indicate 
possible benefits from initiation of statin therapy as early as possible in 
ACS patients. A favourable effect of atorvastatin 80 mg administered as 
first-line treatment of ACS in patients with ST elevation was recently 

reported by Kim et al (167). In their STATIN STEMI trial, 171 patients 
were randomly assigned to atorvastatin 80 mg or atorvastatin 10 mg 
before primary PCI. The authors found improved coronary flow, faster 
ST segment resolution and a trend toward a lower cardiovascular 
event rate in the intensive atorvastatin group.

CONCLUSION
Statins were introduced to clinical practice as lipid-lowering drugs for 
the treatment of high blood cholesterol levels. They were shown to be 
highly effective in hypercholesterolemic patients for primary and sec-
ondary prevention of CAD. Their efficacy in secondary prevention 
was demonstrated in large prospective morbidity and mortality clinical 
trials involving patients with stable CAD; these studies enrolled 
patients at least several months after the onset of ACS. Later, it was 
observed that statins exert a favourable effect, not only in hyper-
cholesterolemia, but also in patients with normal or low cholesterol 
levels and, therefore, nonlipid-mediated effects of statins have been 
suggested. The discovery of the pleiotropic effects of statins opened 
the possibility for new indications for statin treatment. Several ran-
domized trials have demonstrated the safety and, in some cases, the 
efficacy of statin therapy if initiated early after the onset of ACS. 
Extension of knowledge regarding the pleiotropic effects of statins, 
together with the increasing understanding of the pathogenesis of 
ACS have, however, shifted the initiation of statin therapy closer to 
the onset of symptoms. Recent experimental studies, similar to the first 
clinical trials, have generated promising results that have supported 
the concept of the cardioprotective effect of statin administration as 
first-line therapy for ACS. Confirmation of this approach by a large 
randomized trial is needed, however, to determine whether statins 
should be administered alongside acetylsalicylic acid in the earliest 
phase of treatment for ACS. 
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