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Abstract
Polypharmacy is often necessary in complex, chronic, comorbid and cardiovascular patients and is a known risk factor for 
potential drug-drug interaction (DDI) that can cause adverse reactions (toxicity or therapeutic failure). Anti-thrombotic drugs 
(largely low-dose aspirin and a platelet P2Y12 receptor inhibitor) and statins are among the most co-administered drugs 
in cardiovascular patients. Ticagrelor is a selective antagonist of the platelet P2Y12-receptor, highly effective in inhibiting 
platelet aggregation and bio-transformed by the CYP3A4 and substrate of transporters, such as the breast cancer resistance 
protein (BCRP). Statins have different pharmacokinetic profiles; some undergo CYP3A4-mediated metabolism; rosuvastatin 
is primarily metabolized by the CYP2C9; and they have different affinities for drug transporters. Rhabdomyolysis is a very 
rare but severe adverse event, which is specific for statins which can be triggered by DDIs that increase statin’s concentrations 
through blockade of their biotransformation and/or elimination. Large pharmacovigilance and small observational studies 
reported increased rhabdomyolysis in patients treated with some statins and ticagrelor but not aspirin, clopidogrel or prasug-
rel. Recent studies in vitro, pharmacokinetic trials and in silico drug modelling identified and validated the BCRP inhibition 
by ticagrelor, as a mechanism contributing to the DDI with statins, as ‘victim’ drugs, leading to increased rhabdomyolysis. 
While the clinical impact of this DDI deserves further investigation, a careful evaluation should be advised when ticagrelor 
is co-prescribed with some statins.
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Polypharmacy and atherothrombotic 
diseases

Polypharmacy is broadly defined as the concurrent use of mul-
tiple medications, and it is often referred to as the routine use 
of ‘five or more’ medications, including over-the-counter, pre-
scribed traditional and complementary medicines [1]. However, 

there are no consensus-specific definitions(s) in relation to dif-
ferent patient’s ages and clinical settings. Polypharmacy is often 
necessary in complex, chronic and comorbid patients. However, 
polypharmacy can be dangerous when it comprises drugs that 
are either unnecessary and may lower drug’s adherence and 
persistence or, even worse, that may interact and reduce the 
safety and efficacy of the therapy, due to specific pharmaco-
dynamics and/or pharmacokinetics profiles. Indeed, polyphar-
macy is a known risk factor for potential drug-drug interaction 
(pDDI), which, only if clinically relevant, may ultimately lead 
to an overt adverse reaction (toxicity or therapeutic failure), 
with a negative impact on the patient’s quality of life, may cause 
disabling conditions, mortality as well as impact on health sys-
tem costs due to (re)hospitalization or long-term complications. 
Various online databases are available to screen for pDDIs, 
considering that not all pDDIs have clinically relevant conse-
quences. Lexi-interactions and Micromedex have been proven 
as the most sensitive, e.g. able to detect the pDDIs of clinical 
relevance, and specific, e.g. ignoring pDDIs that are clinically 
negligible [2]. The Lexicomp grade interactions from A (of no 
clinical concern) to D (evidence for interaction in a clinically 
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significant manner with a suggestion to modify regimen), and 
the X category identifies a clear contraindication to the co-
medication due to risks that exceed benefits [2].

Patients living with cardiovascular diseases (CVDs) are 
particularly exposed to polypharmacy, pDDIs and their clini-
cal effects [3]. In the apixaban versus warfarin in patients 
with atrial fibrillation (ARISTOTLE) phase III trial, patients 
with atrial fibrillation at study entry had a median of 6 pre-
scribed drugs and a documented polypharmacy (≥ 5 co-
prescribed drugs) in ~ 77% of the trial population [4]. In 
the same trial, the number of co-prescribed drugs was sig-
nificantly associated with a progressive loss of the superior 
safety of apixaban versus warfarin. In a large, record-based 
study, patients hospitalized for acute coronary syndrome 
(ACS) received a mean of 9.9 ± 2.6 drugs per day, whose 
Lexicomp categories C, D and X were documented in 75.3%, 
4.8% and 0.3% of the patients, respectively [5]. The most 
represented drugs in these patients were, in decreasing order, 
anti-thrombotic drugs (largely aspirin and a P2Y12 receptor 
inhibitor), statins, blood-pressure-lowering, glucose-low-
ering drugs and benzodiazepines. Thus, polypharmacy is 
nowadays a relatively ‘standard’ condition in the majority of 
CVD patients, and the pDDIs are rather frequent.

Pharmacokinetics of Ticagrelor

Ticagrelor is a complex carbocyclic nucleoside analogue and a 
reversible, selective antagonist of the platelet P2Y12-receptor. It 
is highly effective in inhibiting ADP-dependent platelet aggre-
gation and in contrast to clopidogrel and prasugrel, it is not a 
prodrug. Ticagrelor is rapidly absorbed, within 1.3–3 h, and is 
mainly bio-transformed by the CYP3A4 leading also to an equi-
potent active metabolite (AM) AR-C124910XX (approx. 1/3 of 
the absorbed dose, Table 1). One‐third of ticagrelor metabolites 
are excreted in urine and two‐thirds in faeces with an elimina-
tion half-life of ~ 7 h for the parent drug and of ~ 9 h for its AM. 
Both ticagrelor and its AM are substrates and weak inhibitors 
of the P-glycoprotein (P-gp) efflux transporter. Ticagrelor also 
inhibits the organic anion–transporting polypeptides (OATP) 
1B1, 1B3 and 2B1, but this interaction seems with no clinical 
relevance because of the low portal vein concentrations. By 
contrast, ticagrelor significantly inhibits breast cancer resistance 
protein (BCRP), thereby raising the plasma concentrations of 
other BCRP substrate drugs [6].

Pharmacokinetics of Statins

The mechanism of action and the pharmacokinetics of 
statins are summarized in Table 1. All statins selectively 
inhibit HMG-CoA reductase and do not have relevant 
pharmacodynamic-based interactions. However, differ-
ent statins differ in their chemical structure, lipophilicity 

and pharmacokinetic profiles. Lovastatin and simvastatin 
are lactone pro-drugs, enzymatically hydrolyzed to their 
active hydroxy-acid forms, whereas the other statins are 
administered as active forms (Table 1). All statins are rap-
idly absorbed following oral administration and undergo 
extensive hepatic first-pass metabolism which accounts for 
their low systemic bioavailability. Simvastatin, atorvasta-
tin and lovastatin undergo CYP3A4-mediated metabolism, 
while pravastatin is metabolized by sulfation. Rosuvasta-
tin has limited CYP450-dependent metabolism, primarily 
by CYP2C9 and to a lesser extent by CYPC19. Statins are 
mainly eliminated through the bile with overall modest 
renal excretion and half-lives ranging from < 5 h (lovastatin, 
pravastatin and simvastatin) to 14 h (atorvastatin) and 19 h 
(rosuvastatin) [7].

Statins also show different affinities for membrane drug 
transporters involved in their absorption and efflux in the 
intestine, liver and kidney. The hepatic uptake of all statins 
is largely dependent on OATPB1 and OATP1B3, but 
other transporters such as P-gp, BCRP, multiple drug resist-
ance protein 2 (MRP2) and sodium-dependent taurocholate 
co-transporting polypeptide (NTCP) may also bind statins 
[8]. The systemic exposure and clearance of statins may be 
influenced by the competition of other drugs for these trans-
porters and this mechanism may explain pDDIs [8].

Pharmacokinetics of Other Lipid‑Lowering 
Drugs: Bempedoic Acid and Ezetimibe

The mechanism of action and the pharmacokinetics of 
bempedoic acid and ezetimibe are summarized in Table 1. 
Bempedoic acid is a pro-drug that undergoes conversion 
into its AM, the bempedoyl-CoA, by the very long chain 
acyl-CoA synthetase-1 (ACSVL1), primarily expressed in 
the liver but not in the skeletal muscle, which may limit 
the potential myotoxic effects. The inhibition of the hepatic 
ATP citrate lyase (ACLY) by bempedoyl-CoA suppresses 
cholesterol synthesis and triggers LDL receptor upregula-
tion and LDL uptake from the peripheral blood, thereby 
decreasing circulating levels. Bempedoic acid is rapidly 
and highly absorbed through the small intestine, is plasma 
protein bound by ~ 99%, and its metabolism occurs mainly 
via UDP-glucuronosyltransferase-2B7 (Table 1), thus bem-
pedoic acid and its AM are not metabolized by the CYP450 
enzymes or substrates of BCRP. However, bempedoic acid 
and its glucuronides are weak inhibitors of OATP1B1 and 
OATP1B3 and co-administration with some statins may 
increase the concentrations due to pDDIs at the level of these 
transporters [9]. In fact, its concomitant use with high dose 
simvastatin (> 40 mg) is contraindicated [10]. Bempedoic 
acid is primarily eliminated in urines (70%).
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Ezetimibe inhibits the absorption of cholesterol by 
blocking the Niemann-Pick C1-like 1 (NPCL1) protein 
in the small intestine. Following oral administration, it is 
rapidly absorbed and extensively metabolized (80%) to the 
ezetimibe-glucuronide AM, with minor CYP450-mediated 
metabolism (Table 1); once glucuronated, ezetimibe and its 
AM undergo extensive enterohepatic recycling and then are 
slowly excreted mainly in the faeces (90%) [11]. Ezetimibe 
and its AM are substrates of the intestinal efflux transporters 
MRP2 and P-gp [11].

Clinically‑Relevant Interactions Between 
Ticagrelor and Statins

In patients with ACS, dual anti-platelet therapy (DAPT) with 
aspirin and a P2Y12 receptor inhibitor, either ticagrelor or 
prasugrel, is the first-line treatment in the 12 months after 
the acute event [12]. Moreover, tight LDL cholesterol con-
trol is strongly recommended in those patients at very high 
cardiovascular risk, contributing to reduce the recurrence 
of fatal and non-fatal atherothrombotic events [12]. In the 
ticagrelor versus clopidogrel in patients with acute coronary 
syndromes (PLATO) phase III trial, which compared aspirin 
with clopidogrel to aspirin with ticagrelor post-ACS, ~ 90% 
of the participants at trial entry were treated with a statin 
[13]. In particular, since there is a direct, continuous cor-
relation between LDL levels and the risk of a major athero-
thrombotic event, a statin administered at a high dose is 
highly effective in maximally reducing LDL cholesterol, and 
therefore it is recommended for patients at very high CV risk 
[12]. More intensive statin regimens cause a significant addi-
tional 15% relative reduction (95% CI 11–18; p < 0.0001) in 
major vascular events (coronary death, non-fatal MI, coro-
nary revascularisation and ischaemic stroke), as compared to 
less intensive regimens [14]. Rhabdomyolysis is a very rare 
but severe adverse event, specific for statins, estimated to be 
4 (standard error-SE 2) per 10,000 patients in trials using 
high-dose statin and 1 (SE 1) per 10,000 patients in trials 
using standard statin dosing [14]. Aside from the high doses, 
other risk factors for rhabdomyolysis are age, diabetes, renal 
impairment and those drug-drug interactions (DDIs) which 
increase statin’s concentrations through blockade of their 
biotransformation and/or elimination [15].

By using the World Health Organization (WHO) phar-
macovigilance database (VigiBase®), Roule and colleagues 
studied 9489 reports of rhabdomyolysis in patients treated 
with a statin, focusing on 2464 reports (26%) in patients 
co-treated with anti-platelet drug(s), e.g. aspirin and/or a 
P2Y12 inhibitor (prasugrel, ticagrelor and clopidogrel). As 
compared to a statin alone as the reference group, rhabdo-
myolysis was significantly increased by co-administration of 
ticagrelor (either alone or as part of DAPT) and atorvastatin 

(adjusted reporting odds ratio-ROR 1.30 [1.02–1.65]) or 
rosuvastatin (adjusted ROR 1.90 [1.42–2.54]), and there was 
a trend also for simvastatin (adjusted ROR 1.42 [0.92–2.18]). 
Unlike ticagrelor, when the same statins were co-admin-
istered with aspirin, clopidogrel (single or as part of the 
DAPT) or prasugrel (single or as part of the DAPT) rhab-
domyolysis reports were similar to the statin alone [16]. 
Furthermore, in the same study, the risk of rhabdomyolysis 
in ticagrelor-treated patients increased with age ≥ 75 years, 
chronic kidney disease (ROR 7.15 [3.87–13.20] and statin 
dose [16]. Since ticagrelor approval and before this pharma-
covigilance study, sporadic reports had described rhabdo-
myolysis in patients on a statin and ticagrelor [17]. A very 
recent observational study in 936 ticagrelor-treated patients 
followed for 1 year post-ACS, reported 4 cases (2 fatal and 
2 successfully treated) of rhabdomyolysis in patients on 
high-dose statins, i.e. 40 mg rosuvastatin (n = 3) or 80 mg 
atorvastatin (n = 1) [18].

The initial reports hypothesized that this severe, clinically 
relevant DDI between ticagrelor and at least atorvastatin 
and simvastatin was due to the inhibition of ticagrelor (as 
perpetrator drug) to the CYP3A4-dependent statin biotrans-
formation, thus leading to an increased concentration and 
risk of clinically-relevant DDIs, including rhabdomyolysis. 
Consistently, the co-administration of ticagrelor, atorvastatin 
or simvastatin and strong inhibitors of the CYP3A4 (e.g. 
ketoconazole) is contraindicated by regulatory agencies. In 
particular, ketoconazole increases the area under the curve 
(AUC​) of ticagrelor by 7.3-fold, of simvastatin by ~ 5 folds 
and of rosuvastatin by ~ 2 folds [19]. Based on limited data 
and a less intense effect of cyclosporin as a probe drug for 
P-gp interactions on the AUC​ and Cmax of ticagrelor, the 
EMA discourages the association with drugs that are potent 
P-gp and moderate CYP3A4 inhibitors (e.g. verapamil and 
quinidine) that also may increase ticagrelor exposure, advis-
ing ‘caution’ if the association cannot be avoided. However, 
neither statins nor ticagrelor are classified as strong inhibi-
tors of either CYP3A4 enzyme and/or P-gp transporter. 
Hence, these mechanisms of pDDIs cannot fully explain the 
pharmacovigilance data and the severity of DDIs associated 
with co-administration of some of the most used statins and 
ticagrelor.

An initial study investigated the pharmacokinetic interac-
tion between ticagrelor (90 mg bid) and a single, high-dose 
of atorvastatin or simvastatin (80 mg) in healthy volunteers. 
The blood concentrations of ticagrelor and of its AM were 
unaffected by the co-administration of either atorvastatin or 
simvastatin. Conversely, in the presence of ticagrelor co-
administration, the concentration of atorvastatin increased 
by ~ 30% with no change in elimination half-life, and the 
concentrations of simvastatin increased by ~ 50%. These 
effects led to classify ticagrelor as a weak CYP3A4 inhibitor 
and as the ‘perpetrator’ drug in relation to atorvastatin and 
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simvastatin as the ‘victim’ drugs, although this CYP3A4-
based DDI was considered minor. Moreover, rosuvastatin 
is not substrate of the CYP3A4, but it is biotransformed by 
the CYP2C9, and ticagrelor is not a substrate for CYP2C9, 
thus leaving this interaction pharmacologically unexplained.

Recently, Lehtisalo and colleagues provided new data 
and identified other pharmacokinetic pathways influenced 
by ticagrelor, which could explain the clinically relevant 
DDI with rosuvastatin leading to increased rhabdomyoly-
sis risk. Initial in vitro studies showed that ticagrelor inhib-
its the transporters BCRP, OATP1B1, -1B3 and -2B1 at 
concentrations in the low μM range, consistent with those 
reached at the level of the intestine mucosa, before enter-
ing the portal blood (Fig. 1). This would slow the extrusion 
of rosuvastatin. An in silico model of ticagrelor predicted 
an increase in rosuvastatin plasma concentration by over 2 
folds via the inhibition of the BCRP [6]. This model was 
then validated in vivo in humans in a placebo-controlled, 
crossover study in healthy subjects [6]. When subjects were 
given ticagrelor and rosuvastatin, both the area under the 

curve (AUC​) and the maximal concentration (Cmax) of rosu-
vastatin significantly increased by 2.6-fold (90% confidence 
intervals 1.8–3.8 and 1.7–4.0, respectively), and rosuvasta-
tin’s half-life was almost doubled as compared to rosuvas-
tatin + placebo. By using selective substrates of the OATPs, 
this study suggested that BCRP inhibition by ticagrelor 
at the intestinal level, before the first liver passage, is the 
probable mechanism that accounts for the nearly threefold 
increase in rosuvastatin’s concentrations [6]. Importantly, 
this study was performed in healthy subjects, hence in the 
absence of polypharmacy or comorbidities. In patients, this 
increased exposure may be more variable and reach higher 
levels due to additional factors such as comorbidities, age 
and co-medications. The possible mechanisms underlying 
clinically-relevant DDI between ticagrelor and statins are 
depicted in Fig. 1.

Interestingly, in the PLATO study, ticagrelor was also 
associated with an increase in serum creatinine and to a 
decrease in renal function, as compared to clopidogrel, 
mostly in the elderly [13]. Although the kidney is not a 

Fig. 1   Possible mechanisms underlying the clinically relevant inter-
actions between ticagrelor as perpetrator drug and some statins as 
victim drugs. Upper panels: pathways of statin metabolism from the 
small intestine to the liver via the portal blood and to the downstream 
tissues and organs via the systemic circulation; ticagrelor inhibits the 
membrane transporters BCRP and P-gp (statin efflux/metabolism) in 
the enterocytes on   the gut lumen and the biotransforming CYP3A4 
enzyme, thus blocking some steps of the elimination and biotransfor-
mation of statins. Lower panels: as a consequence of a reduced elimi-

nation, the co-administration of ticagrelor with some statins leads to 
increased plasma levels up to 2-folds of the statins  and to  potential 
severe DDIs; comorbidities (e.g. renal failure and ageing), chronic/
occasional polypharmacy (e.g. gemfibrozil, anti-hypertensive or anti-
microbic agents) and the statin daily dose can concur to cause severe 
adverse reactions. Abbreviations: BCRP, breast cancer resistance pro-
tein; CYP, cytochrome; Met, metabolite(s); P-gp, P-glycoprotein; and 
OATP, organic anion–transporting polypeptides
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major excretion route for statins, this can also contribute to 
increased statin concentrations, triggering clinically-relevant 
DDIs in multi-morbid patients under polypharmacy.

Conclusions

LDL reduction and platelet inhibition remain the corner-
stones of cardiovascular prevention in patients at high car-
diovascular risk due to a major, acute atherothrombotic event 
[12]. Therefore, drugs controlling platelet activation and 
LDL concentrations are essential components of a ‘neces-
sary’ polypharmacy that includes also other agents needed 
to control those comorbidities that are largely present in CV 
patients (e.g. hypertension, atrial fibrillation and stressed 
mental conditions). Polypharmacy and co-morbidities pave 
the way to the development of clinically relevant and severe 
DDIs, especially in older adults (Fig. 1). While the clinical 
impact of the pDDI between ticagrelor and statins deserves 
further investigation, nevertheless there are sound and plau-
sible pharmacological mechanisms that support caution and 
careful evaluation when these drugs are given in combina-
tion in daily practice. Thus, in specific patient populations 
at risk of symptomatic DDI, prasugrel can be a valid alter-
native to ticagrelor in DAPT, since no severe, clinically-
relevant DDIs have been found in association with statins 
[16]. Alternatively, using a lower statin dose in combination 
with ezetimibe for instance or using bempedoic acid or pro-
protein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tors as lipid-lowering monotherapies can also be considered. 
PCSK9 inhibitors have no PK-based pDDIs [20], but they 
are not affordable in many countries, while for bempedoic 
acid more pharmacovigilance data on pDDIs are needed 
given its relatively recent approval.

Author Contribution  Al authors participated in writing and editing the 
editorial. All the three authors have approved the final version of the 
editorial and agreed for submission and publication.

Funding  Open access funding provided by Università degli Studi di 
Firenze within the CRUI-CARE Agreement.

Data Availability  Not applicable for an invited editorial.

Code Availability  Not applicable.

Declarations 

Ethics Approval  Not relevant for an editorial.

Consent to Participate  Not relevant for an editorial.

Consent for Publication  Not relevant for an editorial.

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Tamargo J, Kjeldsen KP, Delpon E, et al. Facing the challenge 
of polypharmacy when prescribing for older people with cardio-
vascular disease. A review by the European society of cardiology 
working group on cardiovascular pharmacotherapy. Eur Heart J 
Cardiovasc Pharmacother. 2022;8(4):406–19. https://​doi.​org/​10.​
1093/​ehjcvp/​pvac0​05.

	 2.	 Kheshti R, Aalipour M, Namazi S. A comparison of five common 
drug-drug interaction software programs regarding accuracy and 
comprehensiveness. J Res Pharm Pract. 2016;5(4):257–63. https://​
doi.​org/​10.​4103/​2279-​042X.​192461.

	 3.	 Sheikh-Taha M, Asmar M. Polypharmacy and severe potential 
drug-drug interactions among older adults with cardiovascu-
lar disease in the United States. BMC Geriatr. 2021;21(1):233. 
https://​doi.​org/​10.​1186/​s12877-​021-​02183-0.

	 4.	 Jaspers Focks J, Brouwer MA, Wojdyla DM, et al. Polyphar-
macy and effects of apixaban versus warfarin in patients with 
atrial fibrillation: post hoc analysis of the ARISTOTLE trial. 
BMJ. 2016;353:i2868. https://​doi.​org/​10.​1136/​bmj.​i2868.

	 5.	 Sahoo AK, Singh A, Gupta D, Dhaneria S, Arunima P. Assess-
ment of potential drug-drug Interactions (pDDIs) and their risk fac-
tors among hospitalized cardiac patients in a tertiary-care center 
of Central India: a retrospective record-based study. Hosp Pharm. 
2024;59(1):24–31. https://​doi.​org/​10.​1177/​00185​78723​11825​69.

	 6.	 Lehtisalo M, Tarkiainen EK, Neuvonen M, et  al. Ticagrelor 
increases exposure to the breast cancer resistance protein substrate 
rosuvastatin. Clin Pharmacol Ther. 2024;115(1):71–9. https://​doi.​
org/​10.​1002/​cpt.​3067.

	 7.	 Wiggins BS, Saseen JJ, Page RL 2nd, et al. Recommendations for 
management of clinically significant drug-drug interactions with 
statins and select agents used in patients with cardiovascular dis-
ease: a scientific statement from the American Heart Association. 
Circulation. 2016;134(21):e468–95. https://​doi.​org/​10.​1161/​CIR.​
00000​00000​000456.

	 8.	 Bellosta S, Corsini A. Statin drug interactions and related adverse 
reactions: an update. Expert Opin Drug Saf. 2018;17(1):25–37. 
https://​doi.​org/​10.​1080/​14740​338.​2018.​13944​55.

	 9.	 Ruscica M, Sirtori CR, Carugo S, Banach M, Corsini 
A. Bempedoic acid: for whom and when. Curr Athero-
scler Rep. 2022;24(10):791–801. https://​doi.​org/​10.​1007/​
s11883-​022-​01054-2.

	10.	 https://​www.​ema.​europa.​eu/​en/​docum​ents/​produ​ct-​infor​mation/​
nilem​do-​epar-​produ​ct-​infor​mation_​en.​pdf. Accessed 20 July 2024

	11.	 Oswald S, Giessmann T, Luetjohann D, et al. Disposition and 
sterol-lowering effect of ezetimibe are influenced by single-dose 
coadministration of rifampin, an inhibitor of multidrug transport 
proteins. Clin Pharmacol Ther. 2006;80(5):477–85. https://​doi.​
org/​10.​1016/j.​clpt.​2006.​07.​006.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ehjcvp/pvac005
https://doi.org/10.1093/ehjcvp/pvac005
https://doi.org/10.4103/2279-042X.192461
https://doi.org/10.4103/2279-042X.192461
https://doi.org/10.1186/s12877-021-02183-0
https://doi.org/10.1136/bmj.i2868
https://doi.org/10.1177/00185787231182569
https://doi.org/10.1002/cpt.3067
https://doi.org/10.1002/cpt.3067
https://doi.org/10.1161/CIR.0000000000000456
https://doi.org/10.1161/CIR.0000000000000456
https://doi.org/10.1080/14740338.2018.1394455
https://doi.org/10.1007/s11883-022-01054-2
https://doi.org/10.1007/s11883-022-01054-2
https://www.ema.europa.eu/en/documents/product-information/nilemdo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/nilemdo-epar-product-information_en.pdf
https://doi.org/10.1016/j.clpt.2006.07.006
https://doi.org/10.1016/j.clpt.2006.07.006


1109Cardiovascular Drugs and Therapy (2024) 38:1103–1109	

	12.	 Byrne RA, Rossello X, Coughlan JJ, et al. 2023 ESC Guidelines 
for the management of acute coronary syndromes. Eur Heart J. 
2023;44(38):3720–826. https://​doi.​org/​10.​1093/​eurhe​artj/​ehad1​91.

	13.	 Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopi-
dogrel in patients with acute coronary syndromes. N Engl J Med. 
2009;361(11):1045–57. https://​doi.​org/​10.​1056/​NEJMo​a0904​327.

	14.	 Cholesterol Treatment Trialists C, Baigent C, Blackwell L, et al. 
Efficacy and safety of more intensive lowering of LDL choles-
terol: a meta-analysis of data from 170,000 participants in 26 
randomised trials. Lancet. 2010;376(9753):1670–81. https://​doi.​
org/​10.​1016/​S0140-​6736(10)​61350-5.

	15.	 Nguyen KA, Li L, Lu D, et al. A comprehensive review and 
meta-analysis of risk factors for statin-induced myopathy. Eur J 
Clin Pharmacol. 2018;74(9):1099–109. https://​doi.​org/​10.​1007/​
s00228-​018-​2482-9.

	16.	 Roule V, Alexandre J, Lemaitre A, et al. Rhabdomyolysis with 
co-administration of statins and antiplatelet therapies-analysis of 
the WHO pharmacovigilance database. Cardiovasc Drugs Ther. 
2023. https://​doi.​org/​10.​1007/​s10557-​023-​07459-8.

	17.	 Danielak D, Karazniewicz-Lada M, Glowka F. Assessment of the 
risk of rhabdomyolysis and myopathy during concomitant treat-
ment with ticagrelor and statins. Drugs. 2018;78(11):1105–12. 
https://​doi.​org/​10.​1007/​s40265-​018-​0947-x.

	18.	 Patel R, Sharma JB, Rajput S. Statins ticagrelor and rhabdomy-
olysis: a coincidence or a drug interaction? J Lipid Atheroscler. 
2024;13(1):61–8. https://​doi.​org/​10.​12997/​jla.​2024.​13.1.​61.

	19.	 https://​www.​ema.​europa.​eu/​en/​docum​ents/​produ​ct-​infor​mation/​
brili​que-​epar-​produ​ct-​infor​mation_​en.​pdf. Accessed 20 July 2024

	20.	 Pokhrel B, Pellegrini MV, Levine SN. PCSK9 Inhibitors. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publish-
ing; 2024.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1007/s00228-018-2482-9
https://doi.org/10.1007/s00228-018-2482-9
https://doi.org/10.1007/s10557-023-07459-8
https://doi.org/10.1007/s40265-018-0947-x
https://doi.org/10.12997/jla.2024.13.1.61
https://www.ema.europa.eu/en/documents/product-information/brilique-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/brilique-epar-product-information_en.pdf

	Ticagrelor and Statins: Dangerous Liaisons?
	Abstract
	Polypharmacy and atherothrombotic diseases
	Pharmacokinetics of Ticagrelor
	Pharmacokinetics of Statins
	Pharmacokinetics of Other Lipid-Lowering Drugs: Bempedoic Acid and Ezetimibe
	Clinically-Relevant Interactions Between Ticagrelor and Statins
	Conclusions
	References


