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Purpose. Statins are a class of drugs widely used in clinical practice for their lipid-lowering and pleiotropic effects. In recent years, a
correlation between statins and platelet function has been unveiled in the literature that might introduce new therapeutic
indications for this class of drugs. This review is aimed at summarizing the mechanisms underlying statin-platelet interaction in
the cardiologic scenario and building the basis for future in-depth studies. Methods. We conducted a literature search through
PubMed, Embase, EBSCO, Cochrane Database of Systematic Reviews, and Web of Science from their inception to June 2020.
Results. Many pathways could explain the interaction between statins and platelets, but the specific effect depends on the specific
compound. Some could be mediated by enzymes that allow the entry of drugs into the cell (OATP2B1) and others by enzymes
that mediate their activation (PLA2, MAPK, TAX2, PPARs, AKT, and COX-1), recruitment and adhesion (LOX-1, CD36, and
CD40L), or apoptosis (BCL2). Statins also appear to have a synergistic effect with aspirin and low molecular weight heparins.
Surprisingly, they seem to have an antagonistic effect with clopidogrel. Conclusion. There are many pathways potentially
responsible for the interactions between statins and platelets. Their effect appears to be closely related, and each single effect can
be barely measured. Also, the same compound might have complex downstream signaling with potentially opposite effects, i.e.,
beneficial or deleterious. The multiple clinical implications that can be derived as a result of this interaction, however, represent
an excellent reason to develop future in-depth studies.

1. Introduction

Platelet activation, oxidative stress, and endothelial integrity
play a fundamental role in chronic inflammatory diseases
such as atherosclerosis, and antiplatelet drugs are currently
recommended in the treatment of coronary artery disease
(CAD) [1–4]. In this scenario, statins have been demon-
strated to reduce the incidence of cardiovascular events, such
as myocardial infarction, stroke, and cardiovascular death
[2]. Via the inhibition of 3-hydroxy-3-methyl-glutaryl-coen-
zyme A (HMG-CoA) reductase in the synthesis of endogen
cholesterol, in addition to their lipid-lowering effect, statins
reduce the progression of atherosclerosis and cardiovascular
risk via inhibitory effects on inflammation and platelet aggre-

gation. These effects, known to be pleiotropic, include
changes in platelet function and half-life, reduction of oxida-
tive stress, and protection of endothelial integrity [5]. Vari-
ous molecular mechanisms underlie their clinical benefits,
such as the variation of the platelet response to adenosine
diphosphate (ADP), collagen, and arachidonic acid (AA)
and the interaction with pro- and anti-inflammatory and
atherogenic mediators (IL-1β, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-12, and IL-13; IFN-γ, IP-10, eotaxin, and sRAGE;
and HO-1), endothelial markers (s-selectin, VEGF. and
MCP-1), and platelet (P-selectin, sCD-40L[6, 7], RANTES,
and PDGF-bb) and oxidative stress (8-OH-2′-deoxyguano-
sine) activators. Furthermore, the interruption of statin ther-
apy is associated with a marked increase in platelet activity
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[8]. Increase in platelet activity after statin withdrawal and
the parallel loss of endothelial protection are two crucial
and independent mechanisms that might contribute to a
hypercoagulable state and thrombus formation, according
to Virchow’s triad.

The widespread use of statins and the multiple clinical
implications that can be hypothesized starting from basic sci-
ence studies should be carefully investigated in the cardio-
logic scenario. It appears crucial to summarize all the recent
evidences on this topic with the aim of portraying the literary
landscape and building the basis for future in-depth studies.
This review is aimed at summarizing the main evidences
available on the interaction between statins and platelet activ-
ity, with particular regard to the cardiovascular field.

2. Methods

For this narrative review, we evaluated all controlled ran-
domized trials and retrospective studies investigating the
effects of statin on platelet function. We conducted a litera-
ture search through PubMed, Embase, EBSCO, Cochrane
Database of Systematic Reviews, and Web of Science from
their inception to June 2020, using the following search
keywords in various combinations: (“Hydroxymethylglu-
taryl-CoA Reductase Inhibitors”[Mesh] OR statin OR
statins OR atorvastatin OR rosuvastatin OR lovastatin
OR pravastatin OR simvastatin OR ∗statin) AND (“Blood
Platelets”[Mesh] OR “Thrombocytopenia”[Mesh] OR
“Thrombocytosis”[Mesh]). We also reviewed references of
previous systematic reviews, meta-analysis, and abstracts from
major congresses. Two investigators independently reviewed
the studies to determine their eligibility and independently
extracted all the relevant outcomes of interest.

3. Results

3.1. Molecular Pathways. Numerous studies have investi-
gated the relationship between statin therapy and platelet
activity and established the main mechanisms responsible
for their biological effects (Table 1).

The anion-transporter polypeptide OATP2B1, expressed
on the platelet membrane, could play a crucial role in this
interaction. Niessen et al. and Jedlitschky et al. have shown
that statin uptake into platelets may be mediated by this mac-
romolecule, which has a high affinity for atorvastatin. The
level of its expression could justify the variable effect of
statins on platelet inhibition [9, 10].

Zhao et al. demonstrated that atorvastatin is able to
inhibit aggregation in platelet extracts previously treated
with ADP (10mmol/L), arachidonic acid (0.5mmol/L),
collagen (2mg/mL), and heparin (1mg/mL) at moderate
(300 × 109/L) and high (600 × 109/L) concentrations [11].
These findings were also confirmed by Akyüz et al. using
platelet volume (MPV) as a marker of platelet activity in
patients undergoing rosuvastatin therapy [12]. However,
the use of MPV as a direct marker of platelet activation
is not a gold standard and is not widely accepted. More-
over, changes of MPV could derive from an alteration of
platelet turnover and megakaryopoiesis: a reduced platelet

production leading to a lower quote of circulant immature
or reticulated platelets could explain these findings. There-
fore, future tailored studies are warranted to support those
findings.

These effects could be explained by the inhibition of
platelet phospholipase A2 (PLA2) phosphorylation and the
MAP kinase pathway with consequent reduction of intracy-
toplasmic calcium release and dose-dependent inhibition of
collagen-induced synthesis of thromboxane A2 (TXA2)
[13–17]. Moreover, recent studies suggest possible interac-
tion between statins and nuclear transcription factors such
as peroxisome proliferator-activated receptors (PPARs)
involved in the modulation of the C-α platelet protein kinase
[11]. Notably, simvastatin therapy has been reported to mod-
ulate the PPAR alpha and PPAR gamma pathway [18–20].
These macromolecules, in turn, mediate the activity of multi-
ple other cellular mediators such as AKT, cAMP, ERK, p38,
and MAPK as well as the concentration of cytoplasmic Ca,
leading altogether to a significant attenuation of platelet
activity [18–20].

Other studies have shown that the antiplatelet effects of
statins could be related to the upregulation of nitric oxide syn-
thetase (NOS) and the downregulation of cyclooxygenase-1
(COX-1) activation [21–23].

Another hypothesis was advanced by Lee et al. who iden-
tified as the main actors of statin-induced platelet inhibition
both the upregulation of heme oxygenase-1 (HO-1, an anti-
inflammatory, antioxidant, and cytoprotective enzyme [24])
and the reduction of the type 1 collagen expression.
Rosuvastatin-loaded nanofibers in biodegradable stents
showed a significant reduction of inflammation and an
evident decrease in migration and intrastent adhesion of
platelets. Importantly, the combination of the two effects
(anti-inflammatory and antiplatelet) also allowed an
improved reendothelialization of the stent and a decrease in
neointimal formation of the injured artery [25].

On the other hand, the downregulation of specific ox-LDL
receptors such as CD36 and LOX-1 has a biological role in the
increase in platelet activation and adhesion [17, 26–29].

Furthermore, Pignatelli et al. reported that statins may
reduce platelet recruitment by inhibiting nicotinamide ade-
nine dinucleotide phosphate (NADPH) oxidase activation
and in particular its subunit with NOX-2 catalytic activity.
The activity of this enzyme would in fact be fundamental
for the production of isoprostanes, responsible for platelet
activation. Thus, its downregulation would lead to a signifi-
cant attenuation in both platelet recruitment and activity
but also to a decreased production of proinflammatory fac-
tors such as CD40L and reactive oxygen species (ROS). Con-
versely, levels of anti-inflammatory factors such as nitric
oxide (NO) would increase following statin-mediated platelet
NADPH oxidase inhibition [23, 30–32] [16, 20, 33]. The evi-
dence of a possible antiplatelet effect of statins attributable to
the downregulation of the platelet CD40L pathway was also
confirmed by an in vitro study of Sanguigni et al. [34] using
hypercholesterolemic patients (randomized to atorvastatin
or diet) and healthy volunteers. These authors showed that
atorvastatin can reduce the in vitro expression of CD40L
and therefore downgrade platelet activation through the
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Table 1: Statin-specific molecular targets and their downstream effectors.

Molecular target Downstream effect Statin effect References

OATP2B1 Drug entry into the platelet
Atorvastatin (act)
Simvastatin (act)
Pravastatin (act)

[9]

Phospholipase A2-thromboxane
A2 (TXA2), MAP kinase

↓ Ca inside the platelets
↓ COX-1 activity

↓ quantity and activity of prostaglandins

Pravastatin (inact)
Simvastatin (act)
Atorvastatin (act)
Rosuvastatin (act)

[13]
[14]
[15]
[16]
[17]

eNOS (NO synthase)
↑ NO

↓ Ca inside the platelets
Pravastatin (act) [36]

HO-1 Antioxidant effect Rosuvastatin (act) [24]

CD36, LOX1 (ox-LDL receptors)
Modulation of the quantity and quality of

these two receptors, both strong platelet activators

Atorvastatin (act)
Pravastatin (act)
Simvastatin (act)
Rosuvastatin (act)

[26]
[27]
[28]
[29]
[17]

NADPH-NOX-2

↓ isoprostanes, family of chemically stable
eicosanoids that contribute to propagation
of platelet activation via upregulation of
the glycoprotein IIb/IIIa (GpIIb/IIIa)

↓ ROS
↑ NO

↓ PKC phosphorylation and p47phox translocation

Rosuvastatin (act)
Atorvastatin (act)

[30]
[23]
[31]
[32]
[16]
[33]
[20]

CD40L
↓ proinflammatory and prothrombotic activity,

including increased expression of matrix
metalloproteinases and chemokines

Atorvastatin (act) [34]

PAR-1 (protease-activated receptor-1)

↓ PAR-1, responsible for attracting thrombin
to the platelet surface, serving as a modulator
between platelet activation and thrombin

formation and its shredding from the cell surface

Atorvastatin (act)
Fluvastatin (act)
Lovastatin (act)
Pravastatin (act)
Rosuvastatin (act)
Simvastatin (act)

[37]

Mitochondrial respiration
enzymes (complex I-linked respiration)

Unknown Simvastatin (act) [38]

TF, TF-PCA, membrane
cholesterol content

GPIba-mediated activation of platelet TF
triggers the generation of FXa

Platelet TF has the capacity to initiate the clotting process
Membrane cholesterol content plays important
roles in platelet activation and calcium signaling

Rosuvastatin (act)
Atorvastatin (inact)

[39]

CD62 (P-selectin)

↓ P-selectin regulates adhesion of activated
platelets to neutrophils and monocytes and

also to the endothelium and stabilizes
the initial GPIIb/IIIa-fibrinogen interaction,

allowing the formation of large, stable platelet aggregates

Atorvastatin (inact) [40]

DKK-1 ↓ mevalonate pathway Atorvastatin (act) [42]

PPAR alfa and PPAR gamma

↓ AKT
↑ cAMP
↓ ERK
↓ p38

↓ MAPK
↓ Ca cytosol

↓ protein kinase C

Simvastatin (act)
Atorvastatin (act)

[18]
[11]
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inhibition of clotting activation by CD40L-stimulated mono-
cytes. This mechanism may be particularly relevant in
patients with hypercholesterolemia, characterized by an
overexpression of CD40L [34] [35]. However, the absence
of functional and in vivo experimental models partially limits
the generalization of those findings.

Statin therapy has been reported to increase NO basal
levels and activity through an upregulation of endothelial
NO synthase (eNOS). The consequent decrease in platelet
function translates to a prolongation of patient bleeding time.
The NO pathway could also modulate intraplatelet calcium
levels, determining a synergistic inhibitory effect to platelet
activation [36].

Another possible mediator of the decrease in platelet
activity is the platelet thrombin receptor PAR-1, which is
one of the strongest activation pathways in platelets [37]. Ser-
ebruany et al. observed a significant reduction in the activity
and concentration of this macromolecule in patients treated
with statins. This would entail not only a reduction in
platelet-aggregating capacity but also a decrease in the effec-
tiveness of the coagulation cascade [37]. In detail, Serebruany
et al. included patients with metabolic syndrome without
antiplatelet therapy, receiving atorvastatin, fluvastatin, lova-
statin, pravastatin, rosuvastatin, or simvastatin or no statin
for 6 weeks. The PAR-1 thrombin receptor was investigated
considering both intact (SPAN12) and cleaved (WEDE15)
forms during and at the end of treatment. The statin-
mediated inhibition was stronger after 4 weeks with a small
rebound at complete treatment, with different temporal pat-
terns of inhibition between intact and cleaved forms. This
study was a milestone in providing a mechanism for the
pleiotropic effect of statins that can lead to early clinical
benefits.

Statins may also affect platelet energy metabolism.
Vevera et al. reported a reduction of mitochondrial platelet
respiration in a rat model treated with rosuvastatin and ator-
vastatin. However, the same effect was not found in human
models by the same investigators [38].

In contrast with these observations in the study by Panes
et al., atorvastatin did not result in reduced levels of tissue
factor (TF) and tissue factor-dependent procoagulant activity

(TF-PCA). Furthermore, atorvastatin did not decrease cho-
lesterol levels in the platelet membrane. Rosuvastatin therapy
would instead be able to achieve these effects, ultimately
leading to a downregulation of platelet activity [39].

CD62 ligand (CD62L, L-selectin) is another target of sta-
tins and mediates their antiplatelet effects. Labiós et al. have
shown a reduction in the expression of this ligand in patients
undergoing statin therapy. In a cytofluorometry study, these
authors demonstrated a decrease in platelet activity as well as
an attenuation of patients’ prothrombotic profile [40, 41].
Furthermore, Pontremoli et al. have speculated that the
DKK-1 pathway might be influenced by statin treatment.
The concentration of these proteins, members of the Dick-
kopf family, would be decreased after statin administration,
resulting in diminished platelet recruitment and activity [42].

Suades et al. highlighted a statin-induced reduction in
circulating microparticles (cMPS), which physiologically
work as mediators for the proinflammatory activity of
numerous cells, including platelets. A reduction in circulat-
ing cMPS levels, in particular those related to platelets, has
been shown in patients undergoing statin therapy [43].
Moreover, a reduction of inflammatory markers such as TF,
P-selectin, CD14, and GPIIIa on the cMPS surface has been
shown after therapy with atorvastatin [44–46].

Another molecule potentially involved in statin-related
reduction of platelet activity is the protein regulated by glu-
cose 78 (GRP78). This macromolecule can be found both in
the cytoplasm and in the platelet membrane; besides having
a role of chaperon protein, it would increase the sensitivity
of the platelets to various activating factors. Rosuvastatin
therapy has been demonstrated to reduce the translocation
of this protein on the platelet membrane, its activation, and
subsequent platelet aggregation [47].

Statin therapy also appears to modify, through mecha-
nisms not yet fully clarified, the expression of the miRNA
networks. In their study, Li et al. have shown the possible
correlation between the miRNA-33 upregulation and an
increase in plaque stability in hypercholesterolemic patients.
In particular, they showed a reduction in multiple inflamma-
tory mediators, with a consequent decrease in platelet adhe-
sion and activation [48].

Table 1: Continued.

Molecular target Downstream effect Statin effect References

Circulating microparticles (cMPS)

TF (tissue factor)
P-selectin
CD14
GPIIIa

Atorvastatin (inact)
Pravastatin (inact)
Simvastatin (inact)
Rosuvastatin (inact)
Lovastatin(inact)

[46]
[43]
[44]
[45]

GRP78 Chaperon protein Rosuvastatin (act) [47]

miRNA

miR-155 expression through interfering
with the mevalonate-geranylgeranyl-

pyrophosphate-RhoA signaling pathway
and then increasing endothelial NO synthase

expression and endothelium-dependent vasodilation

Atorvastatin (act)
Simvastatin (act)

[48]

BCL2-caspase, TNF ↑ apoptosis Lovastatin (act) [2]

Statin effect on the molecular pathway: activates (act)/inactivates (inact). See text for abbreviations.
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Another theory hypothesizes that statin therapy may
induce an increase in platelet apoptosis rather than a
reduction in their functionality. In this regard, Zhao et al.
described how BCL2 modulation, caspase, and TNF path-
ways determine an overall increase in the platelet proapop-
totic profile [5].

To conclude, from a comprehensive analysis of the liter-
ature, it appears that an interaction exists between statins and
platelet activity. This is partly mediated by the effect pro-
duced by these drugs on inflammatory agents such as NO,
HO-1, ROS, and NOX-2 which are potent platelet activators
as well. Furthermore, the effect shown by statins on enzymes
such as PLA2, TXA2, or eNOS could further explain their
influence on platelet activity. The variable impact that differ-
ent statins may have on the pathways mentioned before
could be related to their different molecular composition.
In particular, the lipophilic or hydrophilic nature of the
molecule appears to have a significant role. The molecular
structure may justify the ability to selectively interact with
some ligands, bind with specific receptors, or facilitate the
entry of the drug into its target cell.

3.2. Synergistic Effects with Other Drugs. Statins may also
have synergistic effects with other drugs. Luzak et al. have
shown that statin therapy increased the effect of the acetylsa-
licylic acid (ASA) on platelets of hypercholesterolemic
patients. Indeed, the acetylation of platelet proteins induced
by ASA is increased in patients undergoing concomitant
treatment with statins. This could be explained by a qualita-
tive modification of the platelet cell membrane justifying the
higher sensitivity to ASA treatment [49]. Furthermore, statin
therapy might increase sensitivity to ASA by decreasing any
effects of tolerance to this drug in patients with CAD [7, 29,
50].The underexpression of the GPIIb-IIIa protein on the
platelet surface found in patients treated with simvastatin
or pravastatin and ASA is another aspect of this synergistic
effect [29]. Moreover, in patients treated with pravastatin
and ASA, a reduction in lecithin-like oxidized LDL
receptor-1 (LOX-1) expression has been observed [28].

On the other hand, statins, in particular atorvastatin,
could have an antagonistic effect towards clopidogrel. Ator-
vastatin would be able to inhibit the isoenzyme necessary to
metabolize clopidogrel in its active form, thus potentially
reducing its antiaggregating effect [51].

Statins may also increase the anticoagulation activity of
lowmolecular weight heparins (LMWHs). In patients treated
with both drugs, Zimmer et al. documented an increase in
clotting time. The cause could be a possible effect of statins
on the coagulation cascade and/or the addition of an anti-
platelet effect [52].

The interaction between statins and other drugs could
have significant clinical implications. Patients taking statins
regularly often receive polydrug therapies. The association
with ASA is, among all, the most noticeable, and their syner-
gistic effect warrants future studies. On the other hand, the
possible antagonistic effect shown with clopidogrel suggests
the possibility of investigating the potential implications of
the use of the two drugs in several conditions such as acute
coronary syndromes.

4. Discussion

4.1. Clinical Implications. On the basis of the experimental
evidence of an interaction among statins and platelet func-
tion, several clinical studies have been conducted to evaluate
potential therapeutic benefits of statins in conditions charac-
terized by an enhanced thrombotic state, independently of
their lipid-lowering activity (Table 2).

Kong et al. investigated the possible effects of using sta-
tins in corticosteroid-resistant immune thrombocytopenia
(ITP). In this condition, treatment with atorvastatin was
associated with a quantitative and functional improvement
of endothelial progenitor cells resident in the bone marrow.
A downregulation of MAPK p38 and an upregulation of
the Akt pathway have been suggested among the possible
mechanisms. Moreover, atorvastatin partially contributed
to the repair of damaged endothelial progenitors via an
increase in megakaryocytopoiesis [53].

Atherosclerosis is another disease in which the antiplate-
let effects of statin therapy have been extensively investigated.
In a study by Konishi et al. on patients with carotid athero-
sclerosis, treatment with statins resulted in reduced
thrombotic complications such as plaque rupture and
embolic/thrombotic events, intraplaque hemorrhage, or
aneurysmal degeneration. They also performed a histological
analysis of vessel samples from patients treated with statins
and found a decreased activation andmigration of inflamma-
tory cells and platelets, as well as a reduction of intraplaque
angiogenetic phenomena [54].

In patients with acute coronary syndromes, early therapy
with high-dose statins significantly reduced the interaction
between platelets and circulating leukocytes, thus reducing
the proinflammatory and prothrombotic profile of patients
affected by this pathology [35, 37, 55].

Although a pharmacodynamic interaction between clopi-
dogrel and cytochrome CYP3A4-metabolized statins has
been described, the ACHIDO (Atorvastatin and Clopidogrel
HIgh DOse in stable patients with residual high platelet
activity) study [56] found that treatment with 80mg of
atorvastatin was associated with optimal pharmacody-
namic response to clopidogrel (defined as P2Y12 reaction
units ðPRUÞ < 235 by the VerifyNow P2Y12 assay, OR 3.8
(P = 0:011)); also, statin effect size was greater than genetic
variants (CYP2C19 ∗ 2 loss-of-function allele, odds ratio
2.9, P = 0:043). Therefore, in stable CAD patients undergo-
ing percutaneous coronary intervention (PCI), the addition
of high-dose atorvastatin significantly improves the phar-
macodynamic effects of high-dose clopidogrel and is asso-
ciated with lower rates of drug resistance. The reduction of
endothelial inflammatory response may partially explain
this protective effect of statins, as shown in the ARMYDA
study (Atorvastatin for Reduction of MYocardial Damage
during Angioplasty) [57] [58], which found that atorva-
statin treatment was associated with attenuated increase
in ICAM-1 and E-selectin levels after PCI.

The interaction between platelets and endothelial cells
could also be affected by statin therapy. On mouse models
affected by arthritic pathology, a reduction between
platelet-to-endothelial cell adhesion has been shown in
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animals receiving simvastatin therapy. This effect might lead
to a reduction in the proinflammatory and prothrombotic
platelet potential [59]. Statin therapy, on the other hand,
did not seem to affect the pool of immature platelet cells,
keeping their regeneration unaffected [60].

Another class of pathologies in which the effect of
statin has been investigated is myeloproliferative patholo-
gies (polycythemia vera, essential thrombocythemia, and
idiopathic myelofibrosis). In fact, in these patients, statin
therapy could reduce the risk of thromboembolic phenom-
ena given their anti-inflammatory, endothelial protector,
and platelet inhibition effects. Additionally, statins have
shown a proapoptotic effect on leukemic cells as well as
an antiangiogenetic effect, allowing also the speculation
of a cytoreductive action [61].

4.2. Statins and Bleeding. Statin therapy appears to be associ-
ated with reduced postoperative bleeding following major
surgery, although the underlying molecular mechanisms are
not fully understood. Nenna et al. showed a reduction in
postoperative bleeding in patients on statins undergoing aor-
tic valve replacement and coronary artery bypass surgery [62,
63]. Despite the fact that a potential attenuation of the
inflammatory response related to cardiopulmonary bypass
might play a role, the relation between bleeding and micro-
vascular permeability requires further demonstration.

Falcone et al. showed an inverse correlation between the
use of statins and intracranial cerebral hemorrhage [64]. This
relationship is also confirmed by Quinn et al. that reported a
reduction in risk of intracranial hemorrhage in patients with
ischemic stroke treated with statins [65]. Early statin therapy

Table 2: Potential new clinical indications for statins in the primary prevention of cardiovascular disease (adapted from 2019 ESC/EAS
Guidelines for the management of dyslipidemias).

Total cardiovascular
risk (%)

Untreated LDL level (pretreatment)
<55mg/dL 55-70mg/dL 70-100mg/dL 100-116mg/dL 116-190mg/dL >190mg/dL

<1% low risk
Lifestyle

interventions
Lifestyle

interventions
Lifestyle

interventions
Statin might be
considered

Statin might be
considered

Statin
indicated

1-5% moderate risk
Lifestyle

interventions
Lifestyle

interventions
Statin might be
considered

Statin might be
considered

Statin might be
considered

Statin
indicated

5-10% high risk
Lifestyle

interventions
Statin might be
considered

Statin might be
considered

Statin indicated Statin indicated
Statin

indicated

>10% very high risk
Statin might be
considered

Statin might be
considered

Statin indicated Statin indicated Statin indicated
Statin

indicated

Adapted from 2019 ESC/EAS Guidelines for the management of dyslipidemias (doi: 10.1093/eurheartj/ehz455). Bold indicates differences from guideline
recommendations.

Platelet

OATP2B1

Atorvastatin Simvastatin Rosuvastatin

eNOS

isoprostanes

GP2b3a

NO

CD40L

PAR-1

TFMCC
Mevalonate pathwayGP2b3a

P-selectin
DKK1PPAR

AKTcAMPERKMAPKCa ++

cMPS
cMPS

BCL2

Atorvastatin Simvastatin Rosuvastatin

Other statins

CD36
LOX1

NADPH
NOX2

Thrombin attraction
to platelet surface

Coagulation
cascade

Factor Xa

Drug entry
Ca++

COX-1 activity
prostaglandins

PLP-TxA2
MAPK

Other statins

Platelet activation

Platelet aggregates

Stabilizes interaction
with fibrinogen

Adhesion to neutrophils,
monocytes and

endothelium

Figure 1: Detailed summary of platelet-statin interactions. A green (sharp point) arrow indicates a stimulatory pathway. A red (round point)
arrow indicates an inhibitory pathway. Different statins are marked with different colors. See text for abbreviations. “Other statins” indicate
compounds different from atorvastatin, simvastatin, or rosuvastatin that have a minor amount of supporting literature for each compound.
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following cerebral hemorrhage has also been demonstrated
to be protective against the onset of new episodes [66].

Moreover, Atar et al. reported an inverse relationship
between gastrointestinal bleeding and platelet therapy in
patients hospitalized for acute coronary syndrome [67].

On this ground, a relation between statin and bleeding
reduction is plausible [67]. Notably, statins may be useful in
reducing bleeding regardless of its cause. While in the report
by Nenna et al., the anti-inflammatory action of statins seems
to play a decisive role in reducing hemorrhagic complica-
tions, in the study by Atar et al., statin effect seems indepen-
dent of patients’ inflammatory profile.

Considering both the adverse outcomes and the increase
in health care costs necessary to deal with hemorrhagic com-
plications (transfusions, etc.), further investigations on the
potential mechanisms underlying statin effects in bleeding
complications are warranted.

4.3. Limitations. Methodological limitations and biases are
extremely common in the scientific literature evaluating the
effect of statins and platelets. The high number of confound-
ing factors remains a daunting issue, as in vitro studies
usually focus on one specific pathway and this barely repre-
sents the complexity of a living system. Also, some studies
might have not been included in this literature search due
to different keywords or deficit in database indexing.

5. Conclusion

This narrative review describes the interactions between sta-
tins and platelets (Figures 1and 2). The primary prevention
of cardiovascular disease might be revised based on the avail-
able basic science studies (Table 2). Surely, further studies to
identify the molecular mechanisms and confirm the clinical
effectiveness are warranted. A plethora of molecular path-
ways are potentially involved, and a comprehensive under-
standing of their interaction remains a goal of the current
literature. In conclusion, the interactions between tissue fac-
tor, CD40L, and P-selectin appear to be the most promising
for further research; this highlights the importance of statin
as an endothelial modulator and outlines this mechanism

as a factor in the prevention of thrombotic events. Statin
use might reduce platelet activation via inhibition of P-selec-
tin, activation of PPAR, activation of BCL2, activation of
CD40L, or upstream blockage of tissue factor, with conse-
quent impairment of coagulation cascade activation.
Moreover, platelet activation can be hampered by eNOS- or
NADPH-dependent pathways possibly via their effects on
NO bioavailability. There are many pathways potentially
responsible for the interactions between statins and platelets.
Their effect appears to be closely related, and each single
effect can be barely measured. Also, the same compound
might have complex downstream signaling with potentially
opposite effects, i.e., beneficial or deleterious; multiple
pathways cooperate, and a synergic effect is most likely to
determine the overall strength of the interaction. Nonethe-
less, the possibility of identifying a “critical” pathway merits
further investigation. The extensive clinical use of statins
fully justifies such a scientific effort given the enormous
implications that new evidences on statin-platelet interaction
may have.
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