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1  |  INTRODUC TION

Xabans—direct factor Xa inhibitors (Rivaroxaban, Apixaban, and 
Edoxaban) are orally administrated non-vitamin K-dependent direct 
factor Xa inhibitors (NOACs)1–3 with few strong drug interactions 
that are approved for the prevention of embolic events in patients 
with atrial fibrillation (AF). However, several drug interactions can 

decrease or increase plasma anti-Xa activity in direct oral factor Xa 
inhibitors-treated patients, and this changed activity could be con-
nected to a relatively higher risk of thrombotic or bleeding events.4,5 
Statins are relatively frequently co-administrated with direct oral 
factor Xa inhibitors due to previous stroke, concomitant ischemic 
heart or other vascular disease or dyslipidemia in patients with AF. 
Atorvastatin, the most frequently used statin, is metabolized by 
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Abstract
Atorvastatin and direct oral factor Xa inhibitors (xabans) are frequently co-
administrated in patients with atrial fibrillation (AF). However, no studies investigat-
ing the possibility of the pharmacologic interaction between these agents have been 
conducted. The aim of this prospective observational study was to determine the 
impact of atorvastatin therapy on anti-Xa activity in xabans-treated patients with AF. 
We enrolled 115 AF patients on long-term rivaroxaban (52 patients) and long-term 
apixaban (63 patients) therapy. Long-term atorvastatin (40 mg once daily) was ad-
ministrated to 28 rivaroxaban-treated patients and to 28 apixaban-treated patients. 
Trough and peak samples were tested for anti-Xa activity with drug-specific anti-Xa 
chromogenic analysis. For rivaroxaban, there were no significant differences in trough 
activity (45.5 ± 39.5 ng/ml vs. 46.2 ± 30.1 ng/ml; p = .34) and peak anti-Xa activity 
(179.2 ± 108.8 ng/ml vs. 208.1 ± 104.1 ng/ml; p = .94) between atorvastatin-treated 
patients and those without atorvastatin. Similarly, atorvastatin did not impact the 
trough activity (127.7 ± 71.1 ng/ml vs. 100.8 ± 61.1 ng/ml; p =  .12) or peak anti-Xa 
activity (213.8 ± 103.6 ng/ml vs. 179.3 ± 72.9 ng/ml; p = .14) among apixaban-treated 
patients with AF. This observational study did not show a significant impact of atorv-
astatin on trough and peak anti-Xa activity in xabans-treated patients with AF.
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cytochrome P450 (CYP) 3A4, and is a substrate of glycoprotein-P 
(P-gp).6–8 Similarly, xabans are metabolized by CYP 3A4 and CYP2J2, 
and are substrates of P-gp1–3; therefore, there is a theoretical possi-
bility of drug interaction between atorvastatin and direct oral factor 
Xa inhibitors. Unfortunately, no studies of this possible interaction 
in patients with AF have been conducted.9 Therefore, the aim of 
this prospective observational study was to determine the impact 
of atorvastatin therapy on the anti-Xa activity in direct factor Xa 
inhibitors-treated patients with AF.

2  |  PATIENTS AND METHODS

We enrolled consecutive patients with AF on long-term rivaroxa-
ban or long-term apixaban therapy requiring hospitalization for 
symptomatic heart failure or uncontrolled tachycardia (atrial fibril-
lation with uncontrolled ventricular response) at our Department of 
Internal Medicine from the beginning of August 2019 to the end of 
November 2019. All of the patients received long-term rivaroxaban 
or apixaban for the prevention of stroke and systemic embolism prior 
to hospitalization (the decision regarding the agent—rivaroxaban or 
apixaban was established by their out-patient cardiology consult-
ant), and continued with this therapy during hospitalization. Patients 
with a reduced glomerular filtration rate (calculated glomerular 
filtration rate 15–50 mL/min/1.73 m2) were given a lower dose of 
rivaroxaban (15  mg once daily); a lower dose of apixaban (2.5  mg 
twice daily) was given to patients who matched two from three of 
following criteria: reduced glomerular filtration rate (calculated 
glomerular filtration rate 15–50 mL/min/1.73 m2; calculated using 
“Modification of Diet in Renal Disease—MDRD” formula: estimated 
glomerular filtration rate in mL/min/1.73 m2 = 175 × serum creati-
nine−1.154 × age−0.203 × 1.212 (if patient is black) × 0.742 [if female]), 
age ≥80 years, body weight <60 kg. Long-term atorvastatin (40 mg 
once daily) was administered for dyslipidemia, stroke or cerebrovas-
cular disease, and ischemic heart disease. The study design matched 
the one used in our prior NOACs pharmacology studies.10–12 We 
used an observational design. All samples were taken during the in-
hospital stay. We tested the trough samples (24 h after the previous 
drug dose in rivaroxaban-treated patients, and 12  h for apixaban-
treated patients; at 7:00 a.m) and peak samples (2 h after the next 
drug dose administration for rivaroxaban-treated patients, and 3 h 
for apixaban-treated patients; at 9:00 and 10:00 a.m.), used health-
care professional compliance verification, and allowed an attend-
ing physician-based decision on concomitant medication. Similarly, 
the exclusion criteria, namely a disabling or recent stroke, recent or 
pending surgery, known inherited bleeding disorders, uncontrolled 
hypertension, the need for anticoagulation for disorders other than 
AF, severe renal dysfunction (glomerular filtration rate <15  mL/
min/1.73 m2), active liver disease and extreme body weight (body 
mass index <18 kg/m2 and >40 kg/m2), matched those used in our 
previous studies. Rivaroxaban therapy lasted on average 110 days 
prior to sample taking, apixaban therapy lasted 117.5 days, and ator-
vastatin was taken on average 90.5  days prior to blood sampling, 

respectively. This study was performed according to all ethical 
standards defined by the Declaration of Helsinki and approved by 
the local ethical committee (Jessenius Faculty of Medicine in Martin, 
Comenius University in Bratislava). The patients agreed to partici-
pate in the research. All samples were taken after obtaining a writ-
ten informed consent to participate in the study. Rivaroxaban and 
apixaban anti-Xa activity (ng/ml) was determined using drug-specific 
anti-Xa chromogenic analysis.13

2.1  |  Statistical analysis

Data analysis was performed using STATISTICA v 5.0 (StatSoft, Tula, 
USA). Data were checked for normality with the Shapiro–Wilk test 
(data are displayed as mean ± standard deviation in case of normally 
distributed ones and as median and range in case of asymmetrically 
distributed ones); a t-test was used in the case of normally distrib-
uted data or a Mann–Whitney U test was used when data distri-
bution was asymmetrical. The p-value of <.05 was considered as a 
statistically significant difference.

2.2  |  Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked 
to corresponding entries in http://www.guide​topha​rmaco​logy.
org, the common portal for data from the IUPHAR/BPS Guide to 
PHARMACOLOGY,14 and are permanently archived in the Concise 
Guide to PHARMACOLOGY 2019/20.15,16

3  |  RESULTS

Between August and November 2019, 115 consecutive patients 
with AF (41 men, 74 women, average age 74 years, ranging from 65 
to 83 years of age) on long-term rivaroxaban (52 patients; rivaroxa-
ban 15 mg once daily for 32 patients and rivaroxaban 20 mg once 
daily for 20 patients) or long-term apixaban therapy (63 patients; 
apixaban 2.5 mg twice daily for 32 patients and apixaban 5 mg twice 
daily for 31 patients) were enrolled in our study. Long-term atorvas-
tatin (40 mg once daily) was administrated to 28 rivaroxaban-treated 
patients (8 patients for dyslipidemia, 11 patients for cerebrovascu-
lar diseases, and 9 patients for ischemic heart disease) and to 28 
apixaban-treated patients (9 patients for dyslipidemia, 10 patients 
for cerebrovascular diseases, and 9 patients for ischemic heart 
disease). There were no significant differences in the length of ri-
varoxaban and apixaban therapy, concomitant therapy (except of 
atorvastatin) or basic demographic data (Table  1) between statin-
treated patients and patients without statin therapy. The lipid profile 
in statin-treated patients and individuals without statin therapy is 
reported in Table 1. Ten rivaroxaban-treated patients in both groups 
(i.e., 10 patients with atorvastatin and 10 patients without atorvas-
tatin) were treated with 20  mg once daily; and the other patients 
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were treated with 15 mg once daily. Similarly, 13 apixaban-treated 
patients in both groups were treated with apixaban 5 mg twice daily, 
and the other patients were treated with 2.5 mg of apixaban twice 
daily. No bleeding or ischemic event (stroke or systemic embolism) 
occurred during the in-hospital stay.

Comparing rivaroxaban-treated patients on atorvastatin 
with those without statin therapy (Figure  1), there were no sig-
nificant differences in trough anti-Xa activity (45.5  ±  39.5  ng/
ml vs. 46.2  ±  30.1  ng/ml; t-test; p  =  .34) and peak anti-Xa activ-
ity (179.2  ±  108.8  ng/ml vs. 208.1  ±  104.1  ng/ml; t-test; p  =  .94). 
Subsequently, patients with amiodarone and verapamil co-
administration were excluded from the analysis (considering the 
slight imbalance between patients treated with or without atorvasta-
tin reported in Table 1). Despite excluding these patients, there were 
no significant differences in rivaroxaban trough (46.2 ± 40.2 ng/ml 
vs. 44.7 ± 32.2 ng/ml; t-test; p =  .90) and peak (183.4 ± 112.8 ng/
ml vs. 214.7 ± 109.8 ng/ml; t-test; p = .37) anti-Xa activity between 
atorvastatin-treated patients and patients without atorvastatin.

Similarly, there were no significant differences in apixaban 
trough anti-Xa activity between patients on atorvastatin and those 
without statin therapy (127.7 ± 71.1 ng/ml vs. 100.8 ± 61.1 ng/ml; 
t-test; p =  .12). Furthermore, the analysis of peak apixaban anti-Xa 
activity did not reveal significant differences between those on 
atorvastatin and those without statin therapy (213.8 ± 103.6 ng/ml 
vs. 179.3  ±  72.9  ng/ml; t-test; p  =  .14) (Figure  1). Finally, an anal-
ysis of apixaban anti-Xa activity was performed excluding patients 
with amiodarone and verapamil co-therapy. Even when patients 
who received amiodarone and verapamil were excluded, there were 
no significant differences in apixaban trough (126.6  ±  70.6  ng/ml 
vs. 98.9 ± 65.1 ng/ml; t-test; p =  .15) and peak (218.0 ± 100.7 ng/
ml vs. 180.4 ± 77.1 ng/ml; t-test; p =  .13) anti-Xa activity between 
atorvastatin-treated patients and those not receiving atorvastatin 
therapy.

4  |  DISCUSSION

Atorvastatin, probably the most frequently used agent for the 
treatment of cardiovascular diseases, significantly reduces future 
cardiovascular mortality in the settings of the primary and second-
ary prevention of these diseases.17,18 However, it could modulate 
drug metabolism, and therefore create an unexpected drug inter-
action with direct oral factor Xa inhibitors, as the metabolism of 
these directly acting anticoagulants is dependent on CYP and P-gp 
activity.1–3 Several studies have previously demonstrated that ator-
vastatin could modulate CYP activity.19,20 Furthermore, Rodrigues 
et al. showed in an experimental model that atorvastatin leads to 
decreased P-gp function and modulates P-gp synthesis in hepato-
cytes and peripheral blood mononuclear cells.21 Nevertheless, since 
no postmarketing studies have investigated the impact of atorvas-
tatin on xabans anti-Xa activity, we decided to do so. Although, the 
limitations listed below should be considered when interpreting the 
results of our study; the study did not show a significant interac-
tion between atorvastatin and anti-Xa activity in rivaroxaban and 
apixaban-treated patients with AF. In addition, when patients with 
amiodarone and verapamil co-administration were excluded from 
the analysis (due to the slight imbalance in this co-therapy between 
patients treated with or without atorvastatin) there were still no 
significant differences in trough and peak anti-Xa activity both for 
rivaroxaban and apixaban. A similar observation for rivaroxaban was 
previously reported from a phase I clinical study in healthy volun-
teers, where Kubitza et al.22 reported that there were no clinically 
relevant pharmacokinetic or pharmacodynamic interactions be-
tween rivaroxaban and atorvastatin. These data suggest that rivar-
oxaban can be co-administered with atorvastatin without the risk 
of unexpected (too high or too low) anti-Xa activity. Based on our 
data, this could also be applied to apixaban, as no significant impact 
of atorvastatin on trough or peak anti-Xa activity of apixaban was 

F I G U R E  1 Impact of atorvastatin 
on trough and peak anti-Xa activity in 
AF patients on long-term rivaroxaban/
apixaban therapy
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noted. However, to the best of our knowledge, no other postmarket-
ing studies for rivaroxaban or apixaban for the comparison of the re-
sults have been conducted (this includes other indications for direct 
oral factor Xa inhibition, such as venous thromboembolic disease). 
Therefore, the results of our observation should be confirmed in fu-
ture larger studies.

The question of whether the results obtained in atorvastatin-
treated patients could be applied to all statin-treated patients has 
also yet to be confirmed. Considering the fact that different statins 
differ in metabolism (and therefore, in possible pharmacologic inter-
actions), it is possible that the risk of CYP-related drug interaction 
would be lower in fluvastatin-, pravastatin- and rosuvastatin-treated 
patients, as these statins are not substrates of CYP 3A4, and higher 
in atorvastatin-, simvastatin-, and lovastatin-treated patients,23,24 
possibly preferring a “class” dependence in statin/direct oral fac-
tor Xa inhibitors interaction (as no significant interaction was seen 
with atorvastatin which has a higher probability of such interaction). 
Nevertheless, since the aim of our study was to explore the effect 
of atorvastatin, only atorvastatin-treated AF patients were enrolled. 
Furthermore, to date, no other statins have been studied with re-
gard to their possible interaction with direct oral factor Xa inhibi-
tors metabolism. In summary, the question of whether a no relevant 
atorvastatin/direct oral factor Xa inhibition interaction could be 
considered as a “class effect” and applied to all other statins has yet 
to be confirmed and remains another issue which is open to future 
research.

4.1  |  Limitations

Our study had several limitations. First, the low sample size is prob-
ably the most important limitation. Second, the non-randomized 
design is another limitation, and thus the data derived from our 
study do not have the evidentiary power of data derived from a 
randomized trial, and lack sufficient power to arrive at definitive 
conclusions. Nevertheless, due to robust data confirming the ben-
efit of statin therapy for cardiovascular diseases, it would be dif-
ficult to randomize a patient who might benefit from statin therapy 
to receive a placebo. In addition, since our study was not designed 
to follow clinical end points, such as stroke, systemic embolism, 
and bleeding, clinical efficacy/safety data are missing. Therefore, 
the appropriate validation of our findings in a larger, prospec-
tive (randomized) study, with clinical end-points is needed. Such 
study, enrolling atorvastatin-treated AF patients and AF patients 
without atorvastatin on xabans, should follow these patients for 
the incidence of adverse ischemic (stroke or systemic embolism) 
and bleeding events. Moreover, anti-Xa activity should be as-
sessed and the correlation between this activity and the risk of 
adverse events would provide a final answer regarding the inter-
action between atorvastatin and direct oral factor Xa inhibitors. 
Third, in attempting to maintain the conditions of a “real-world” 
clinical practice, we allowed an attending physician-based decision 
on concomitant medication. This could lead to slight, statistically 

insignificant differences in possibly interacting medications, such 
as verapamil, or amiodarone in statin-treated patients and those 
without statin therapy. These differences could in theory affect the 
results. Nevertheless, there were still no significant differences in 
xabans anti-Xa activity when verapamil (5 patients) and amiodar-
one (12 patients) treated patients were excluded from the analysis. 
Therefore, this possible bias has a low probability. Furthermore, 
this study was designed to compare the effect of atorvastatin on 
direct oral factor Xa inhibitors activity, comparing this activity in 
atorvastatin-treated patients and a control sample of patients with-
out atorvastatin; it was not designed to compare the effect of dif-
ferent statins. Since we did not include patients with other statins 
(such as simvastatin, fluvastatin, or rosuvastatin) as another control 
sample, our results could only be applied to atorvastatin, and it is 
still not known whether other statins have any effect on the anti-
Xa activity of direct oral factor Xa inhibitors. In future studies, it 
would be interesting to extend the analysis to more widely used 
statins such as rosuvastatin. Finally, there is a lack of exact labora-
tory confirmation of drug compliance in our study (drug compliance 
was confirmed only by healthcare professional drug administration 
supervision).

5  |  CONCLUSION

This observational study did not show a significant impact of ator-
vastatin on trough and peak anti-Xa activity in direct oral factor Xa 
inhibitors-treated patients with AF, which suggests that atorvastatin 
could be safely co-administrated with direct oral factor Xa inhibition. 
However, due to limited data and other limitations, further studies 
will be needed to adopt final conclusions.
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questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved.
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