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Abstract
Purpose  While statins and antiplatelet therapies are largely prescribed together worldwide, limited information is available 
on the safety of their association regarding rhabdomyolysis occurrence. We aimed to assess the reporting of rhabdomyolysis 
in patients treated with a combination of statin and antiplatelet therapy, compared to statin alone.
Methods  We used the World Health Organization pharmacovigilance database (VigiBase®) to compare the rhabdomyoly-
sis reporting between statin (atorvastatin, fluvastatin, pravastatin, rosuvastatin, and simvastatin) plus antiplatelet therapy 
(acetylsalicylic acid, clopidogrel, prasugrel and ticagrelor) groups versus statin alone groups, for each statin and antiplatelet 
therapy. Study setting was restricted to patients aged 45 or older, including reports up until 1st September, 2021. We com-
puted reporting Odds-Ratio (ROR) and their 95% confidence interval (CI) to quantify the disproportionality between groups, 
adjusted on age and sex.
Results  Among the 11,431,708 reports of adverse reactions, we extracted 9,489 cases of rhabdomyolysis in patients treated 
with statins, of whom 2,464 (26%) were also treated with antiplatelet therapy. The reporting of rhabdomyolysis was increased 
when ticagrelor was associated with atorvastatin (ROR 1.30 [1.02–1.65]) or rosuvastatin (ROR 1.90 [1.42–2.54]) compared 
to the respective statin alone but did not change when aspirin, clopidogrel or prasugrel were considered.
Conclusion  Rhabdomyolysis reporting was increased when ticagrelor -but not other antiplatelet agents- was notified with 
the most prescribed statins in practice. This finding needs to be considered by physicians especially in high-risk patients.
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Introduction

Statins are the cornerstone for prevention and treatment 
of cardiovascular disease and amongst the most widely 
prescribed medications worldwide [1]. In patients with 
coronary artery disease, especially following acute 
coronary syndrome, medical treatment combining statins 
with antiplatelet agents is recommended by international 
guidelines [2–4]. A large meta-analysis of randomized 
controlled trials showed that statin therapy reduced the 
risks of myocardial infarction, coronary revascularization 
and ischemic stroke by about one-fifth for each mmol/L of 
low-density lipoprotein cholesterol reduction [5].

Although well tolerated overall, statins have been associated 
with muscle symptoms that remain the most prevalent adverse 
drug reaction [6]. Among them, rhabdomyolysis is the most 
serious but rare complication. About 60% of cases of statin-
related rhabdomyolysis were related to drug-drug interactions 
in randomized clinical trials [7]. While some case reports 
pointed out a possible association [8–10], no study specifically 
investigated rhabdomyolysis as a possible consequence of a 
statin-antiplatelet therapy interaction.

Our study aimed to assess the reporting of rhabdomyolysis 
in patients treated with a combination of statin and antiplatelet 
therapy compared to statin alone, using the World Health 
Organization pharmacovigilance database.

Methods

Study design and data source

An international retrospective pharmacovigilance 
disproportionality analysis was performed in the WHO 
pharmacovigilance database, VigiBase®. Reports were 
extracted from inception up until 1st September 2021. 
VigiBase® gathers individual case safety reports (hereafter, 
the reports) from more than 140 countries of the World Health 
Organization Programme for International Drug Monitoring, 
and is maintained by the Uppsala Monitoring Center, Uppsala, 
Sweden. The dataset was deduplicated using the automated 
VigiGrade algorithm developed by Uppsala Monitoring 
Centre. To improve comparability between cases and non-
cases, we selected reports occurring in patients aged 45 or 
older, as most statins and antiplatelet therapies are prescribed 
in this population [11].

Variables

Exposure variables were statins (atorvastatin, fluvastatin, 
pravastatin, rosuvastatin, and simvastatin) and antiplatelet 
therapies (acetylsalicylic acid, clopidogrel, prasugrel, 
and ticagrelor), identified with their international 

non-proprietary name in the reports. The studied statins 
were considered as they remain the most prescribed 
worldwide. Although pitavastatin could also be informative, 
there were not enough reports to allow comparisons (only 2 
cases with the association of pitavastatin and clopidogrel; 
and none with other antiplatelet therapies). Drug liability 
status could be “suspect”, “interacting” or “concomitant”, 
so as to increase detection of co-administration. 
Quantitative variable age was accessed as a categorical 
variable (45–64, 65–74, > 75). The main outcome 
variable was rhabdomyolysis, identified with the Medical 
dictionary for regulatory activities query Preferred Term 
“Rhabdomyolysis”. We additionally identified renal disease 
with a standardized Medical dictionary for regulatory 
activities query “Chronic kidney disease” [12]. A serious 
reaction was defined according to the worldwide accepted 
definition, endorsed by Vigibase and the European Medical 
Agency as an adverse reaction that results in death, is life-
threatening, requires hospitalization or prolongation of 
existing hospitalization, results in persistent or significant 
disability or incapacity, or is a birth defect. We chose 
to report the data associated with antiplatelet therapies 
reported as alone and/or in combination in the main 
analysis to minimize the information bias as most reports 
with antiplatelet therapies in such situations mentioned 
one antiplatelet therapy although P2Y12 inhibitors such as 
ticagrelor or prasugrel are almost systematically prescribed 
in association with aspirin regarding international 
guidelines [2–4]. Consequently, this analysis appeared as 
the most powerful to study P2Y12 inhibitors when using the 
VigiBase®. Sensitivity analyses including cases with only 
single antiplatelet therapy (SAPT) or only dual antiplatelet 
therapy (DAPT) reports associated with statins were 
provided in the Supplementary appendix.

Objectives

The primary objective was to evaluate the reporting of 
rhabdomyolysis in statin plus antiplatelet therapy groups 
versus statin alone groups, for each statin and each 
antiplatelet therapy. An additional analysis considering 
ezetimibe plus statins versus statins alone was also 
performed. Secondary objectives were to evaluate the 
reporting of rhabdomyolysis in statin plus antiplatelet 
therapy groups (with an additional post hoc analysis 
considering antiplatelet therapies alone) versus all other 
reports in the database. The latter allows for comparison 
of an absolute risk of reporting between all combinations 
of statin and antiplatelet therapy. Also, for statins with an 
increased reporting of rhabdomyolysis when associated 
to an antiplatelet therapy as compared to statin alone, 
we investigated the association between rhabdomyolysis 
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and age to further characterize the association. We also 
investigated the existence of a dose–effect considering all 
statins. To this end, the reference group is the one who 
received a dose strictly lower than the median dose for each 
statin. Doses for each statin were first standardized to the 
maximum recommended dose (i.e. 80 mg for atorvastatin, 
simvastatin and fluvastatin, 40 mg for pravastatin and 
20 mg for rosuvastatin), then reports were classified in 3 
groups as receiving: 1/ less than the median dose (« low 
dose»), 2/ a range from the median dose to less than the 
maximum dose (« medium dose»), and 3/ the maximum 
dose (« high dose»).

Statistical methods

Disproportionality analysis was used to assess the effect 
of drugs combination on the rhabdomyolysis reporting. 
This method is the reference to search for safety signals 
in pharmacovigilance databases and was described 
elsewhere [13, 14]. The rational is that adverse drug 
reaction associated with drug intake(s) will be over-
represented (or disproportionality reported) in the base. 
The use of contingency tables makes it possible to 
identify which combinations of adverse reactions and 
drugs significantly deviate from a baseline reporting rate, 
assumed to be related to random independent reporting. 
When such case occurs between one or more drugs and 
an adverse reaction, it is called a disproportionality and a 
safety signal is raised. The reporting Odds-Ratio (ROR) 
quantifies the disproportion. It is a standard Odds-Ratio 
measure in the setting of a reporting database. Interactions 
can be identified by comparing the reporting of an adverse 
reaction between a combination of drugs versus one of 
these drugs alone. One important point is to check that 
the drug alone is also associated with a higher risk of said 
adverse reaction. We computed additive interactions from 
contingency tables in the univariate analysis, and from 
logistic regression models in the multivariate analysis 
which was adjusted on age and sex. We did not add 
multiplicative interaction parameters. Additive interaction 
provides a clinically understandable way of quantifying the 
difference in reporting risk between two groups. Statistical 
testing was performed through Chi2 test for the univariate 
analysis and logistic regression model for the multivariate 
analysis; a 95% confidence interval (CI) was computed for 
each analysis. A lower-end of the 95% CI > 1 was deemed 
significant. Statistical analyses were performed with R, 
version 4.0.1 for Windows (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

We extracted 9,489 cases of rhabdomyolysis in patients 
treated with statins, of whom 2,464 (26%) were also treated 
with antiplatelet therapy. Clinical characteristics of rhabdo-
myolysis cases reported with a combination of antiplatelet 
and statin therapies are shown in Table 1, Supplementary 
Tables S1 and S2. Most cases occurred in males (62.5%) 
over 65 years of age (66.5%). The majority of cases occurred 
within the first 6 months regardless of the drug used (Fig. 1/
graphical abstract). When available, seriousness and death 
were declared in 97.4% and 5.4% of the cases, respectively.

When statins were associated with acetylsalicylic acid, 
clopidogrel or prasugrel, the risk of rhabdomyolysis report-
ing did not significantly differ compared to the one with 
the respective statin alone (Table 2 for multivariate analy-
sis and Table S3 for univariate analysis; Fig. 1). In the uni-
variate analysis, the risk of rhabdomyolysis was increased 
when ticagrelor was associated with atorvastatin (ROR 1.48 
[1.17–1.88]), simvastatin (ROR 1.81 [1.19–2.75]) or rosuv-
astatin (ROR 2.18 [1.63–2.91]). In the multivariate analysis, 
the risk of rhabdomyolysis was increased when ticagrelor was 
associated with atorvastatin (ROR 1.30 [1.02–1.65]) or rosu-
vastatin (ROR 1.90 [1.42–2.54]). Sensitivity analyses were 
concordant and even showed higher associations when con-
sidering cases reporting only SAPT (ROR between 2.20 and 
7.19 with ticagrelor in the multivariate analysis) but lacked 
power when considering those reporting only DAPT (Sup-
plementary Table S5A and S5B). In the multivariate analysis 
compared to statins alone, the risk of rhabdomyolysis was 
increased with ezetimibe (ROR 1.29 [1.15–1.45]) but cases 
were too rare to permit subgroup analyses with each statin.

When compared to 11,431,708 other adverse reactions 
reported with other drugs in Vigibase, the absolute risk 
of rhabdomyolysis reporting with statins without anti-
platelet therapy was significantly increased, with a ROR 
ranging from 5.52 [4.99–6.12] for pravastatin to 15.85 
[15.25–16.46] for simvastatin (Table 3 for multivariate anal-
ysis and Table S4 for univariate analysis). When considering 
statins plus antiplatelet therapies, the strongest signals were 
observed with the association of ticagrelor and simvastatin 
(ROR 18.48 [12.05–28.34]), and ticagrelor and rosuvastatin 
(ROR 16.04 [12.09–21.28]). Sensitivity analyses consider-
ing only SAPT or only DAPT (in association with statins) 
were concordant (Supplementary Table S6A and S6B). Post 
hoc analysis considering antiplatelet therapies alone was 
detailed in Supplementary Table S7.

In patients treated with ticagrelor, risk of rhabdomyolysis 
reporting increased over age, with patients ≥ 75 years-old 
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having a 2.48 [1.69–3.65] ROR versus those aged 
45–64 years-old, and in those with chronic kidney disease 
(ROR 7.15 [3.87–13.20].

We found a dose–effect risk of rhabdomyolysis report-
ing, with cases with higher doses of statins more likely to 
report rhabdomyolysis than others: ROR 1.77 [1.66–1.89] 
for a medium dose as compared to a low dose and ROR 3.19 
[2.97–6.42] for a high dose as compared to a low dose.

Discussion

Rhabdomyolysis remains a rare complication, strongly reported 
with statins. Co-administration of statin and antiplatelet therapy 
accounts for one quarter of these cases. Mostly, we found that 
the risk of rhabdomyolysis reporting was 1.3 to almost twofold 
higher when ticagrelor –but not other antiplatelet agents- was 
associated with the most prescribed statins in practice.

Fig. 1   (Graphical abstract) Reporting Odds-Ratio (ROR) of rhabdo-
myolysis when combining antiplatelet therapy with statins (compared 
to respective statin without antiplatelet therapy) and timing of rhab-

domyolysis onset according the antiplatelet agent or statin prescribed. 
Results are presented as ROR with 95% confidence intervals
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Worldwide, ischaemic heart disease is the leading cause 
of death and its frequency is increasing, although mortality 
has considerably decreased over the past 20 years [15, 16]. 
This is in line with the growing use of reperfusion therapy 
in acute myocardial infarction, percutaneous coronary inter-
ventions and medications. Appropriate use of recommended 
medications including statins was strongly associated with 
lower mortality [5, 15]. The absence of additive risk of rhab-
domyolysis reporting provided in our study when combining 
statin and clopidogrel, prasugrel or aspirin is reassuring, as 
millions of patients are taking these drugs together. How-
ever, we found that the risk of rhabdomyolysis reporting 

was increased -up to sevenfold higher in sensitivity analy-
ses- when ticagrelor was associated with atorvastatin, sim-
vastatin or rosuvastatin which represent the most prescribed 
statins worldwide [17]. This was confirmed when rates of 
rhabdomyolysis with these associations were compared to 
other adverse reactions with other drugs in the Vigibase® 
(“absolute risk of reporting”), especially with rosuvasta-
tin and simvastatin (with ROR of 16.04 and 18.48 respec-
tively). The Drugbank database [18] shows moderate inter-
actions between ticagrelor and atorvastatin, simvastatin or 
rosuvastatin; and even major interactions when combining 
clopidogrel and atorvastatin or simvastatin. However, the 

Table 2   Reporting Odds-Ratio (ROR) of rhabdomyolysis when combining antiplatelet therapy with statins (compared to respective statin with-
out antiplatelet therapy) using multivariate analysis. Results are presented as ROR with 95% confidence intervals

Atorvastatin Fluvastatin Pravastatin Rosuvastatin Simvastatin

Acetylsalicylic acid
0.56

(0.51-0.62)

0.61

(0.42-0.88)

0.39

(0.30-0.51)

0.59

(0.50-0.68)

0.60

(0.56-0.65)

Clopidogrel

± Acetylsalicylic acid*

0.58

(0.51-0.67)

1.13

(0.67-1.91)

0.43

(0.28-0.67)

0.65

(0.54-0.79)

0.81

(0.72-0.91)

Prasugrel

± Acetylsalicylic acid*

0.48

(0.23-1.02)

- 0.91

(0.13-6.55)

0.39

(0.16-0.93)

0.60

(0.22-1.61)

Ticagrelor

± Acetylsalicylic acid*

1.30

(1.02-1.65)

- - 1.90

(1.42-2.54)

1.42

(0.92-2.18)

* combining mono and/or dual antiplatelet therapies as reported in the VigiBase®
 Non-significant ROR or ROR ≤ 1
 1 < ROR ≤ 2
 2 < ROR ≤ 9
 ROR > 9

Table 3   Reporting Odds Ratio 
(ROR) of rhabdomyolysis with 
statins alone or in association 
with antiplatelet therapy 
compared to all other adverse 
events reported with other 
drugs in the VigiBase® using 
multivariate analysis. Results 
are presented as ROR with 95% 
confidence intervals

* combining mono and/or dual antiplatelet therapies as reported in the VigiBase®

Atorvastatin Fluvastatin Pravastatin Rosuvastatin Simvastatin

No antiplatelet agent 7.18
(6.86–7.52)

12.73
(10.96–14.78)

5.52
(4.99–6.12)

9.16
(8.60–9.75)

15.85
(15.25–16.46)

Acetylsalicylic acid 3.54
(3.24–3.88)

7.53
(5.39–10.52)

2.09
(1.62–2.68)

4.92
(4.29–5.64)

8.07
(7.52–8.67)

Clopidogrel
 ± Acetylsalicylic acid*

3.64
(3.18–4.16)

13.76
(8.36–22.64)

2.27
(1.48–3.48)

5.48
(4.56–6.58)

10.66
(9.51–11.95)

Prasugrel
 ± Acetylsalicylic acid*

3.28
(1.56–6.90)

- 5.02
(0.70–36.04)

3.34
(1.39–8.06)

8.03
(2.99–21.58)

Ticagrelor
 ± Acetylsalicylic acid*

8.44
(6.66–10.70)

- - 16.04
(12.09–21.28)

18.48
(12.05–28.34)
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Drugbank reports comprehensive molecular information 
about drugs, their mechanisms and interactions contrary to 
our analysis which focused on case safety reports.

Ticagrelor is metabolized through the enzymes 
cytochrome P450 (CYP) 3A4/3A5 such as atorvastatin and 
simvastatine [19, 20]. Pharmacokinetic interaction studies 
showed that co-administration of ticagrelor with these 
statins increases their plasma concentration, especially 
with simvastatin which maximum plasma concentration was 
increased by 81% [21]. Of note, important interindividual 
variability was observed. These considerations are 
important because previous studies suggested that the 
rates of rhabdomyolysis were dose-dependent and related 
to statin blood levels [17, 22]. Our analysis confirmed this 
point. Competition on transporter level, especially organic 
anion transporter polypeptides (OATP1B1 specifically) 
involved in the metabolism of all statins, may also decrease 
their biliary and renal excretion. Genetic polymorphism 
affecting the function of metabolic enzymes and transporter 
can be involved as well [23] by causing a rise of statin 
levels. Recent large-scale DNA sequencing analyses argue 
in favor of the polygenic nature of rhabdomyolysis [24]. 
Finally, in the PLATO trial ticagrelor was associated with a 
larger increase of serum creatinine compared to clopidogrel 
[25], mostly in elderly. This can induce statin retention and 
potentiate the risk of rhabdomyolysis even if renal excretion 
of statin remains limited [26]. These potential interactions 
between ticagrelor and statins were previously reported by 
the Food and Drug Administration (FDA) and World Health 
Organization [27, 28].

Statin therapy remains a safe and well tolerated 
treatment with similar muscular adverse reaction rates 
reported in randomized controlled trial compared to 
placebo [7]. Rates were higher in registries [29, 30] but 
rhabdomyolysis remain rare with an estimated frequency 
of 0.1–8.4/100 000 patients-years [31, 32]. In higher risk 
patients with stable coronary artery disease and type 2 
diabetes, reported rates of rhabdomyolysis were 0.06% 
in those treated with ticagrelor (and 0.03% with placebo) 
at a median follow-up of 40 months [33]. Statin safety 
has arisen as a major concern among patients, health 
practitioners and the media. Since in post-acute coronary 
syndrome patients receive multiple medications including 
statin and antiplatelet therapy, preferentially prasugrel or 
ticagrelor unless contraindicated [2–4], the interactions 
we found should be considered by physicians. When 
patients present risk factors of rhabdomyolysis such 
as renal impairment, hypertension, diabetes and older 
age [34], lower dose of statin perhaps in combination 
with other low density lipoprotein-lowering agents or 

alternative antiplatelet therapy may be used [17] along 
with a regular monitoring, especially during the first 
months. In case of rhabdomyolysis under statin therapy, 
association with ticagrelor should be searched. In such 
cases, switching ticagrelor to another P2Y12 inhibitor 
seems advisable if possible.

Limits

Pharmacovigilance databases have some bias, such as 
underreporting and missing data. All cases in VigiBase® 
are self-reported but as rhabdomyolysis is uncommon, 
this international large database allows for signal 
detection. In a separate analysis, we confirmed that statin 
dose was associated with the risk of rhabdomyolysis 
[17, 22, 34]. We did not include statin dose in the 
multivariate analysis to avoid loss of power. However, 
given the difference observed between prasugrel and 
ticagrelor which are mostly prescribed in patients with 
acute coronary syndromes usually requiring intensive 
high-dose statins, our findings with ticagrelor appear 
reliable. Patients taking SAPT or DAPT may differ. 
Patients taking DAPT mostly correspond to those with 
recent cardiovascular events which represent high risk 
situations for rhabdomyolysis because of additional 
concomitant medications or potential acute renal 
insufficiency. However as explained above, such analysis 
lacked power. Several risk factors for rhabdomyolysis as 
listed above could not be included in our analysis. Statin 
metabolism may be affected by race [35] which could not 
be included in our analysis.

Conclusion

Co-administration of statin and antiplatelet therapy is a 
common situation which accounts for more than one quar-
ter of the rhabdomyolysis cases reported with statins. The 
risk of rhabdomyolysis reporting was increased when tica-
grelor –but not other antiplatelet agents- was associated 
with atorvastatin or rosuvastatin. This finding needs to be 
considered by physicians especially in high-risk patients.
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