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Abstract 

Nonadherence to direct oral anticoagulant (DOAC) therapy exposes patients with 

nonvalvular atrial fibrillation (NVAF) to an increased risk of ischemic stroke and 

systemic embolism. Nevertheless, approximately 20% of patients discontinue treat-

ment within the first year. In Italy, data on DOAC discontinuation rates are limited, 

especially in high-risk populations. RITMUS-AF, a prospective, observational cohort 

study conducted in 31 centers across Italy, investigated rivaroxaban treatment 

discontinuation in patients with NVAF in routine clinical practice. It included 805 

patients aged ≥18 years with NVAF who were newly initiated on rivaroxaban. The 

primary endpoint was the proportion of patients who discontinued treatment during 

a 24-month follow-up. Secondary endpoints included the reasons for discontinuation 

and self-reported adherence to rivaroxaban therapy. At baseline, most patients were 

oral anticoagulant (OAC)-naïve (n = 599, 74.4%) and had either symptomatic (n = 364, 

45.2%) or asymptomatic (n = 441, 54.8%) NVAF. The overall rate of rivaroxaban 

discontinuation was 8.9 per 100 patient-years (95% CI: 7.1–11.0). The main reasons 

for discontinuation were adverse events or physician decisions. After 24 months, 
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high adherence was reported in 90.9% of OAC-non-naïve patients and 61.5% of 

OAC-naïve patients. Forty-six patients (5.7%) experienced bleeding events (with 

major bleeding events occurring in <0.5% of cases), and one patient (0.1%) had an 

ischemic stroke. In the RITMUS-AF study, rivaroxaban treatment was associated with 

a low treatment discontinuation rate, along with high self-reported adherence and a 

relatively low incidence of ischemic stroke and bleeding events in a high-risk popula-

tion, findings that may help inform clinical decision-making on the use of rivaroxaban 

in routine practice.

Introduction

Atrial fibrillation (AF) is associated with an increased risk of stroke and mortality, par-
ticularly among older individuals [1–7]. Direct oral anticoagulants (DOACs) substan-
tially reduce stroke risk in patients with AF [7–11], but treatment patterns can vary 
depending on individual characteristics, including age, comorbidities and functional 
disabilities, and prior use of anticoagulants. Given these variations in patient charac-
teristics, understanding and maintaining adherence is essential. Adherence to ther-
apy is a critical determinant of outcomes in chronic diseases [12]; however, multiple 
factors influence medication-taking behavior, and premature discontinuation of DOAC 
therapy may increase stroke risk due to the loss of anticoagulation protection and 
potential prothrombotic rebound effects [13–16].

Evidence from large observational studies, such as GARFIELD-AF and ORBIT-AF 
II, has shown that oral anticoagulant (OAC) discontinuation is associated with a 
higher risk of all-cause mortality, stroke/systemic embolism, and myocardial infarction 
[16] or linked to an increased absolute risk of all-cause mortality and cardiovascular 
death [17]. Moreover, evidence suggests that switching between anticoagulants may 
further increase the risk of bleeding events [18]. Therefore, treatment continuity and 
patient adherence to DOACs play a central role in stroke prevention in patients with 
AF [6,7,18,19]. In real-world settings, 1‑year discontinuation rates for DOACs range 
from 22% to 40%, and nonadherence rates from 3% to 16% [20–23]. XANTUS, a 
prospective, observational study of patients with nonvalvular AF (NVAF), reported 
a rivaroxaban discontinuation rate of 20.1% after a 1-year observation period [24]. 
Another prospective, non-interventional registry of patients with AF treated with rivar-
oxaban found a discontinuation rate of 18.5% [25]. In an Italian retrospective, admin-
istrative–database study by Degli Esposti et al., patients with NVAF who received 
anticoagulant therapy (Vitamin K antagonists [VKAs] or DOACs) were included and 
stratified as naïve and non-naïve users of these agents. In this population, adherence 
to DOAC therapy was 76.1%. However, the design of this study limited the ability to 
assess the reasons for premature treatment discontinuation and evaluate the impact 
of several clinical factors, including comorbidities, disease severity, concurrent med-
ications, and treatment adherence – both of which are crucial considerations in real-
world clinical practice [26]. An isolated analysis of subpopulations of elderly patients 
receiving DOACs or VKAs showed that DOAC use was generally associated with a 

to calculate reported measures and construct 
figures and tables, are included within the man-
uscript. Individual-level clinical data collected 
during the study are not publicly available due 
to proprietary and confidentiality agreements. 
These data can be requested from the Local 
Study Unit, Bayer S.p.A. (studyunit@bayerspa.
legalmail.it), and will be made available in 
accordance with institutional policies and 
applicable regulations.

Funding: The RITMUS-AF study was funded 
by Bayer AG and Bayer S.p.A. Medical writing 
assistance was funded by Bayer AG and Bayer 
S.p.A. Editorial assistance was supported by 
Bayer S.p.A. The funder provided support in 
the form of salaries for authors DT, PV and CE 
but did not have any additional role in the study 
design, data collection and analysis, decision to 
publish, or preparation of the manuscript.

Competing interests: DT, PV, and CE are full-
time employees of Bayer. This does not alter 
our adherence to PLOS ONE policies on sharing 
data and materials. All other authors have no 
conflicts of interest to declare.

mailto:studyunit@bayerspa.legalmail.it
mailto:studyunit@bayerspa.legalmail.it


PLOS One | https://doi.org/10.1371/journal.pone.0341633  February 12, 2026 3 / 14

lower incidence of major bleeding events and better clinical outcomes than VKAs, although adherence and persistence 
were not assessed due to limitations in data collection [27]. These findings can be interpreted in the context of pivotal 
clinical trials and large real-world studies assessing rivaroxaban safety and efficacy. Pivotal randomized trials, such as the 
ROCKET AF, and large real-world studies, such as XANTUS, have demonstrated low rates of major bleeding and stroke 
in patients treated with rivaroxaban [11,24]. In ROCKET AF, patients were treated with either rivaroxaban or dose-adjusted 
warfarin, and no significant differences in rates of clinically significant (major and non-major) bleeding events were 
observed between treatment groups; however, intracranial and fatal bleeding occurred less frequently in the rivaroxaban 
group [11]. In XANTUS, patients receiving rivaroxaban had a low incidence of major bleeding events and stroke in routine 
clinical practice [24], but the study had certain limitations due to its open-label design, which introduced potential selection 
bias and observer bias related to knowledge of treatment allocation.

Despite the widespread use of rivaroxaban in Italy and the existence of a mandatory online therapeutic plan for DOAC 
prescriptions, at the time of the study initiation (December 2019), limited information was available on DOAC discontinu-
ation or switching among patients with AF, particularly regarding the underlying reasons for treatment changes, including 
those involving rivaroxaban.

RITMUS-AF (Rivaroxaban Treatment Discontinuation Rates in Routine Clinical Practice in Italy in Patients with NVAF; 
NCT04174859) is the first prospective, multicenter, observational cohort study to investigate treatment discontinuation in 
patients with NVAF newly treated with rivaroxaban for the prevention of stroke and non−central nervous system systemic 
embolism in routine clinical practice in Italy, reflecting the real-world clinical environment in which most patients with NVAF 
are managed. The study also assessed the reasons for discontinuation and evaluated patient-reported adherence to rivar-
oxaban therapy.

Materials and methods

Patients

The study population comprised eligible patients with NVAF, aged ≥18 years, who were new users of rivaroxaban (either 
OAC-naïve or OAC-non-naïve to treatment) and who provided written informed consent before any data were collected. 
Patients eligible for rivaroxaban treatment solely for the prevention of stroke or systemic embolism were screened con-
secutively and enrolled according to the study’s inclusion and exclusion criteria [28]. Serum creatinine was measured at 
baseline in the majority of patients (S1 Table). Creatinine clearance (mL/min) was calculated using the Cockcroft–Gault 
formula, and estimated glomerular filtration rate (eGFR, mL/min/1.73 m²) was calculated using the CKD-EPI creatinine 
equation. Observational data suggest that approximately 15% of rivaroxaban users discontinue treatment within 12 
months. Assuming that 20–50% of patients with NVAF taking rivaroxaban would discontinue it within 24 months of study 
entry, a sample size of 720 patients would provide a precision level between 2.9% and 3.7% (measured as the distance 
from the proportion to each limit of the two-sided 95% coincidence interval (CI), calculated using the normal approxi-
mation) [29]. To account for site feasibility and an expected 10% loss to follow-up, the enrollment target was set at 800 
patients.

Study design

RITMUS-AF was conducted in 31 cardiology departments across all 20 regions of Italy. The enrollment period spanned 
from the first patient’s first visit (FPFV) on December 10, 2019, to the last patient’s first visit (LPFV) on September 30, 
2021. Final data collection was completed in June 2022. Rivaroxaban was prescribed in accordance with its marketing 
authorization in Italy, and all treatment decisions were made by the prescribing physician. Withdrawal from RITMUS-AF 
was independent of treatment decisions and did not affect participants’ medical care. Details of the study design and data 
collection methods have previously been described and published [28].
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Study endpoints

The primary endpoint of RITMUS-AF was the proportion of patients who discontinued rivaroxaban treatment during a 
maximum follow-up of 24 months. The duration of rivaroxaban treatment was defined as the time from study entry until 
discontinuation. Discontinuation was defined as a permanent stop of rivaroxaban treatment for more than 4 weeks, 
including switching to another anticoagulant. Interruptions were not considered permanent discontinuations and included: 
(i) temporary interruptions with restart within 4 weeks and (ii) temporary interruptions for scheduled major surgery, even 
if restart occurred later than 4 weeks. Secondary endpoints included: (a) the reasons for rivaroxaban discontinuation; (b) 
dose changes and their associated reasons; (c) switches to other therapies and their associated reasons; (d) self-reported 
adherence to rivaroxaban therapy, assessed using the 8-item Morisky Medication Adherence Scale (MMAS-8), as previ-
ously reported in DOAC adherence studies [30–32]; and (e) safety outcomes (adverse events of special interest [AESI], 
bleeding, cerebrovascular events), analyzed in the safety analysis set.

Analysis sets

The following analysis sets were defined: (a) safety analysis set, including all enrolled patients who received at least one 
dose of rivaroxaban; and (b) eligible set, including all enrolled patients who received at least one dose of rivaroxaban after 
study entry (i.e., after signing the informed consent form) or within 15 days before signing the informed consent form, with 
eCRF data collection confirmed by an investigator (S1 Fig). All safety analyses were conducted using data from the safety 
analysis set, whereas the primary and secondary objectives were analyzed in the eligible set.

Statistical analyses

Categorical variables were analyzed descriptively using frequency tables (absolute and relative frequencies), and contin-
uous variables were summarized using descriptive statistics (mean, standard deviation [SD], minimum, median, quartiles, 
and maximum).

Patients who died, withdrew from the study, or were lost to follow-up without available treatment status information 
were censored at the time of the event or the last known follow-up date. The Kaplan–Meier product-limit method was used 
to estimate the time to rivaroxaban discontinuation, and the discontinuation rate was reported as the number of discon-
tinuation events per 100 patient-years. The total duration of rivaroxaban therapy was calculated as the sum of days from 
treatment initiation to discontinuation. Kaplan–Meier estimates were used to assess treatment discontinuation over time, 
and discontinuation rates were reported at predefined time intervals (3, 6, 9, and 12 months) with corresponding 95% CI.

Primary and secondary endpoint results were stratified by age (<75 years vs ≥ 75 years), diabetes status (yes vs no), and 
prior OAC treatment (OAC-naïve vs OAC-non-naïve patients). Diabetes was selected as a stratification variable because 
patients with diabetes are at higher cardiovascular risk and generally represent a more clinically fragile population [7]. Data 
were managed by OPIS S.r.l., a contract research organization responsible for developing the electronic data capture system 
(including the electronic case report form [eCRF]), performing quality control, monitoring the data collection process, con-
ducting data analyses, and transferring the dataset to Bayer. All statistical analyses were descriptive and were performed 
using SAS software, release 9.4 (64-bit) (SAS Institute Inc., Cary, NC, USA). Categorical variables were summarized as 
absolute and relative frequencies, and continuous variables as mean, standard deviation, median, quartiles, minimum and 
maximum. Safety outcomes were also analyzed descriptively and are presented as absolute numbers and percentages. 
Details of the data management and statistical analyses have previously been described and published [28].

Ethics and consent

All study documentation received central approval and a favorable opinion from the Institutional Review Board or Ethics 
Committee of the coordinating site, as well as approval from the Institutional Review Board or Ethics Committee of each 
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participating site, before local initiation. The study protocol adhered to the ethical guidelines of the 1975 Declaration of 
Helsinki.

Results and discussion

Adherence to anticoagulant treatment plays a crucial role in achieving optimal therapeutic effects and improving prognosis 
in patients with AF. RITMUS-AF is the first prospective, observational study conducted in Italy to evaluate both the rates 
and the underlying reasons for DOAC treatment discontinuation in routine clinical practice.

Baseline characteristics

A total of 821 patients were screened, of whom 805 were included in the primary endpoint analysis (S1 Fig). The eligi-
ble set consisted mostly of OAC-naïve patients (n = 599, 74.41%) without diabetes mellitus (n = 642, 79.75%), and with a 
mean age of 75.1 years (Table 1). These baseline characteristics are generally consistent with those reported in ROCKET 
AF and XANTUS. However, RITMUS-AF included a slightly higher proportion of patients aged ≥75 years and those 
first-diagnosed or paroxysmal AF [11,24,30]. Patients presented either symptomatic (n = 364, 45.22%) or asymptomatic 
(n = 441, 54.78%) forms of NVAF. Among all cases, 39.01% (n = 314) were first-diagnosed, 36.52% (n = 294) were parox-
ysmal, and 8.94% (n = 72) were persistent. Clinical and laboratory parameters analyzed in this study are reported in S1 
Table. More than half of the patients (n = 542, 67.41%) had a CHADS

2
 (Congestive heart failure, Hypertension, Age ≥ 75 

years, Diabetes mellitus, Stroke/transient ischemic attack [doubled]) score ≥2, and 757 patients (94.04%) had a CHA
2
DS

2
-

VASc (Congestive heart failure, Hypertension, Age ≥ 75 years [doubled], Diabetes mellitus, Stroke/TIA/thromboembolism 
[doubled], Vascular disease, Age 65–74 years, Sex category [female]) score ≥2, comparable to those reported in other 
rivaroxaban studies [11,24]. The mean ± SD CHA

2
DS

2
-VASc score was 3.6 ± 1.48. A total of 178 patients (22.11%) had 

congestive heart failure, and 163 patients (20.25%) had diabetes. Seventy-three patients (9.07%) had a diathesis or 
history of prior bleeding events (Table 1), suggesting an expected increased risk of bleeding events following rivaroxaban 
treatment. However, despite this high ischemic and hemorrhagic risk, rivaroxaban treatment persistence was high, while 
only a small proportion of patients discontinued therapy. Patient baseline characteristics stratified by OAC-naïve status, 
age group, and presence of diabetes mellitus are shown in S2 Table.

Treatment discontinuation outcomes

This study design enabled the collection of information not typically captured in medical claims databases or electronic 
medical records, such as reasons for discontinuation, dose adjustments, and patient-reported adherence. Premature 
treatment discontinuation occurred in 83 patients (10.31%). Among these, 74 patients (89.16%) discontinued rivaroxaban 
due to safety- or efficacy-related reasons, while nine patients discontinued for other reasons, including patient decision 
(n = 2), missing eligibility criteria (n = 1), and other causes (n = 6). The overall discontinuation rate was 8.86 per 100 patient-
years (95% CI: 7.06–10.99), indicating a low treatment discontinuation rate for rivaroxaban. As shown in Fig 1, most dis-
continuation events occurred within the first 3 months of treatment, after which the rate plateaued. Five hundred thirty-one 
patients completed 12 months of follow-up, and 23 patients completed 24 months. The present study specifically exam-
ined the impact of patient age, diabetes status (presence vs absence), and OAC-naïve status on therapy discontinuation 
and the risk of different types of adverse events (AEs). Discontinuation rates were similar across subgroups (stratified by 
age, diabetes prevalence, and OAC-naïve status; S2 Fig and S3 Table), with slightly lower rates observed in patients with 
diabetes (7.54 per 100 patient-years [95% CI: 4.12–12.65]) compared with those without diabetes (9.19 per 100 patient-
years [95% CI: 7.15–11.63]) and all other analyzed subgroups (S3 Table).

The most frequently reported reasons for discontinuation were AEs (n = 41, 49.40%) and physician decisions (i.e., treat-
ment discontinuation based on the judgement of the treating physician; n = 25, 30.12%), while patient decisions accounted 
for only 8.43% (n = 7) of cases. Detailed data on specific clinical diagnoses leading to discontinuation were collected but 



PLOS One | https://doi.org/10.1371/journal.pone.0341633  February 12, 2026 6 / 14

Table 1.  Patient demographic characteristics: eligible set.

Characteristic Eligible set (N = 805)

Age (years)

Mean (SD) 75.1 (9.80)

Median 76.0

Q1; Q3 70–82

Min; max 39–96

Age classes

<75 years 359 (44.60%)

≥75 years 446 (55.40%)

Age at first NVAF diagnosis (years)

N 702

Mean (SD) 72.7 (10.22)

Median 73.0

Q1; Q3 67.0–80.0

Min; max 34–96

Disease duration (months)

N 702

Mean (SD) 22.82 (51.78)

Median 0.36

Q1; Q3 0.07–13.57

Min; max 0.03–482.69

Sex

Male 471 (58.51%)

Female* 334 (41.49%)

Race

White 803 (99.75%)

Other 2 (0.25%)

Current type of NVAF

First diagnosed 314 (39.01%)

Paroxysmal 294 (36.52%)

Persistent 72 (8.94%)

Permanent 125 (15.53%)

NVAF symptoms

Symptomatic 364 (45.22%)

Asymptomatic 441 (54.78%)

CHA
2
DS

2
-VAS

C
 score

Mean (SD) 3.6 (1.48)

Median 4

Q1; Q3 3.0–4.0

Prior interventions for NVAF treatment† 114 (14.16%)

History of stroke 50 (6.21%)

Ischemic 46 (92.00%)

Hemorrhagic 3 (6.00%)

Unknown stroke 1 (2.00%)

Findings related to study indication 143 (17.76%)

Prior transient ischemic attack 34 (23.78%)

Systemic embolism 11 (7.69%)

(Continued)
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are not presented here. Thirty patients (3.73%) in the eligible set had at least one dose adjustment, mainly due to changes 
in creatinine clearance (n = 23, 63.89%). One patient underwent percutaneous coronary intervention and received a 
reduced rivaroxaban dose for 9 days. Rivaroxaban interruptions occurred in 60 patients (7.45%), primarily due to surgical 
interventions (n = 27, 36.99%) or AEs (n = 28, 38.36%). Only one case of discontinuation was related to a diagnosis of can-
cer. Approximately half of the patients who prematurely discontinued treatment (n = 44, 53.01%) switched to another ther-
apy. Most of them (n = 42, 95.45%) switched to other antithrombotic agents (apixaban, dabigatran, edoxaban, enoxaparin, 
warfarin, warfarin sodium and acetylsalicylic acid), while one patient received an agent acting on the renin–angiotensin 
system and one patient received a different therapeutic product. Reasons for switching included ischemic events (n = 5, 
11.36%), bleedings (n = 11, 25.00%), adverse drug reactions (n = 7, 15.91%), drug-to-drug interactions (n = 1, 2.23%), and 
other causes (n = 20, 45.45%). Discontinuation was independent of age, diabetes status, and OAC-naïve status. Notably, 
most discontinuation events occurred within the first 3 months of therapy, consistent with previous reports of higher dis-
continuation rates in the first year of therapy compared with later years [17,26]. This early discontinuation pattern is multi-
factorial, involving clinical events, socioeconomic barriers, and patient-related factors. Addressing these aspects through 
improved patient education, financial support, and careful management of bleeding risks may help to enhance adherence 
to DOAC therapy and ultimately improve patient outcomes in anticoagulation management. Overall, these results align 
with other studies of rivaroxaban in NVAF patients [24,25].

Self-reported adherence to rivaroxaban

Adherence was assessed using the MMAS-8 questionnaire, a widely used instrument that provides physicians with insights 
into patient behavior and potential barriers to treatment adherence [31–33]. A high proportion of patients in the eligible set 

Characteristic Eligible set (N = 805)

Myocardial infarction 91 (63.64%)

Deep vein thrombosis 17 (11.89%)

Bleeding diathesis/history of prior bleeding‡ 73 (9.07%)

Known coagulopathy 1 (1.37%)

Gastric ulcer 23 (31.51%)

Active cancer (diagnosis or treatment <6 months or recurrent or 
metastatic cancer)

18 (24.66%)

Prior intracranial bleeding 5 (6.85%)

Prior extracranial bleeding 19 (26.03%)

Other 13 (17.81%)

Risk factors for stroke or non–CNS systemic embolism

Congestive heart failure 178 (22.11%)

Arterial hypertension 678 (84.22%)

Diabetes 163 (20.25%)

Vascular diseases 262 (32.55%)

Other risk factors 143 (17.76%)

Values are n (%) unless otherwise stated.

*Among female participants, a proportion were of reproductive age, although no pregnancies occurred 
during the study period. † Within the last year. ‡Percentages were computed on patients with bleeding 
diathesis/history of prior bleeding. Each patient could have ≥1 bleeding diathesis/history of prior bleeding 
conditions.

CNS: central nervous system; max: maximum; min: minimum; NVAF: nonvalvular atrial fibrillation; Q: 
quartile; SD: standard deviation.

https://doi.org/10.1371/journal.pone.0341633.t001

Table 1.  (Continued)

https://doi.org/10.1371/journal.pone.0341633.t001
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reported high adherence at both 12 and 24 months. At month 12, 585 patients (72.27%) attended a site visit, and 539 of 
these (92.14%) completed the MMAS-8 questionnaire, with a mean ± SD MMAS-8 score of 7.49 ± 0.908. Only patients who 
attended the visit and completed the questionnaire were included in this analysis; patients who discontinued treatment 
before month 12 were not part of this dataset. Low, medium, and high adherence were reported by 44 patients (8.16%), 
162 (30.06%), and 333 (61.78%), respectively. At month 24, 55 patients (6.83%) attended a final site visit, and 50 of those 
(90.91%) completed the MMAS-8 questionnaire, with a mean ± SD MMAS-8 score of 7.48 ± 0.972; 4 patients (8.00%), 12 
(24.00%), and 34 (68.00%) reported low, medium and high adherence, respectively (S4 Table). At month 12, high adher-
ence rates showed no substantial differences across age, diabetes status or OAC-naïve status subgroups. However, at 
month 24, high adherence to rivaroxaban was more frequent among patients aged <75 years compared with those aged 
≥75 years (82.61% vs 55.56%), in patients with diabetes compared with those without (83.33% vs 65.91%), and in OAC-
non-naïve patients at baseline than OAC-naïve (90.91% vs 61.54%; Fig 2). In our study, discontinuation appeared numer-
ically lower among patients with diabetes; however, we did not identify specific explanatory factors. Evidence from the 
literature on this topic is inconsistent, with some studies reporting comparable adherence rates between patients with and 
without diabetes [34]. Further investigation is warranted to clarify the determinants of adherence in this subgroup. In addi-
tion, discontinuation at month 24 was lower among patients who were OAC-non-naïve at baseline. A possible explanation is 
that these patients were already accustomed to long-term anticoagulation and more aware of the importance of continuous 
therapy, having often experienced prior clinical events that reinforced treatment motivation. This observation is consistent 
with findings from real-world studies reporting greater persistence among patients with previous anticoagulant exposure 
[26,27]. Notably, only 8.43% of discontinuation cases were patient-driven, possibly reflecting the once-daily dosing regimen, 
which has been associated with higher adherence than twice-daily regimens [25,35]. These findings align with previously 
reported real-world data on DOAC adherence in Italy [26] and observations from other international cohorts [27].

Safety outcomes

Safety outcomes, analyzed in the safety analysis set, are summarized in Table 2. A total of 176 patients (21.70%) experi-
enced AEs, of whom 88 (10.85%) had serious AEs and 48 (5.92%) with suspected drug-related AEs. AESI occurred in 52 

Fig 1.  Primary endpoint. Kaplan–Meier estimated proportion of patients who maintained rivaroxaban treatment from baseline to month 24. Numbers at 
risk: 12 months n = 531; 24 months n = 23.

https://doi.org/10.1371/journal.pone.0341633.g001

https://doi.org/10.1371/journal.pone.0341633.g001
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patients (6.41%), most commonly bleeding events (n = 46, 5.67%). Life-threatening major bleeding occurred in <0.5% of 
patients, including one case of intracranial hemorrhage. Only one case of ischemic stroke (0.12%) was reported. During 
the study, 36 deaths occurred (4.44%), but only 2 of those were considered related to rivaroxaban treatment. Overall, 
rivaroxaban therapy was associated with a favorable benefit–risk profile in this high-risk population in routine clinical prac-
tice in Italy, although the interpretation of these findings is limited by the study design and sample size. These findings are 
consistent with those from pivotal clinical trials of rivaroxaban in NVAF patients, including ROCKET AF [11,30], and from 
large real-world studies, such as XANTUS [24], which also demonstrated low rates of bleeding events in patients treated 
with rivaroxaban.

Strengths of RITMUS-AF

The present study has several strengths. Its prospective design enabled the capture of more comprehensive information 
on rivaroxaban treatment discontinuation rates than non-prospective studies, which are often limited by the parameters 
recorded in the source data. The inclusion of 31 centers across all 20 Italian regions ensured that the findings are repre-
sentative of nationwide routine clinical practice and, although the study was conducted in a single country, the results are 
consistent with those from other developed countries [6,16,17]. Data collection followed the standards of routine clinical 
care, supporting the generalizability of the findings to the broader European patient population. Another strength of this 
study is the assessment of the reasons for rivaroxaban discontinuation─a factor often underreported in similar studies but 
relevant to clinical decision-making. Understanding these reasons may help clinicians optimize patient care. The follow-up 
period of up to two years provided valuable insights into temporal patterns of discontinuation. In Italy, all prescribed 
treatments are recorded by law in a web-based therapeutic plan, ensuring that DOACs are prescribed in accordance with 
international guideline recommendations and the summary of product characteristics. Moreover, all treatment-related AEs 
are reported to the Italian Medicines Agency (AIFA) [36].

Fig 2.  Self-reported high adherence to rivaroxaban: eligible set. Proportion of patients with high adherence based on the MMAS-8 questionnaire at 
12 and 24 months. Adherence rates were calculated only in patients who attended the visits and completed the MMAS-8 questionnaire. The apparently 
higher proportion at 24 months reflects the smaller subgroup of patients who completed follow-up at this time point. MMAS-8: 8-item Morisky Medication 
Adherence Scale; OAC: oral anticoagulant.

https://doi.org/10.1371/journal.pone.0341633.g002
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Limitations of RITMUS-AF

A total of 33 patients were lost to follow-up, resulting in missing treatment status for these cases. However, all 
patients who were lost to follow-up or withdrew were censored at the time of their last available data point, as 
described in the Methods (Kaplan–Meier product-limit method). This approach ensured that the data were appro-
priately analyzed, although the possibility of residual bias due to missing data cannot be completely excluded. 
Although the Kaplan–Meier method accounts for variable follow-up times, the reduced number of patients at later 
time points limits the precision of the discontinuation estimates. Furthermore, patients who completed 24 months 
of follow-up are likely to represent a subgroup with fewer clinical events and inherently higher adherence, which 
may have introduced selection bias. Historical medical data were not always available, and variations in treatment 
practices or reporting across centers could have introduced bias. Adherence data were collected through patient 
interviews, which may be subject to recall bias; however, a widely used standardized questionnaire (MMAS-8) was 
used to mitigate this risk. Moreover, all analyses were descriptive by design, and no inferential statistics were per-
formed; as such, the findings should be interpreted as descriptive observations, without formal hypothesis testing. 
Finally, the study was conducted during the COVID-19 pandemic, which may have limited patient enrollment and 
affected study execution.

Table 2.  Patients with AEs: Safety analysis set.

Type of AE Safety analysis set (N = 811), n (%)

Any AEs 176 (21.70%)

SAEs 88 (10.85%)

Suspected drug-related AEs 48 (5.92%)

Cerebral hemorrhage 1 (0.12%)

Intracranial hemorrhage 1 (0.12%)

Ischemic stroke 1 (0.12%)

Subarachnoid hemorrhage (traumatic) 2 (0.25%)

Gastrointestinal hemorrhage 2 (0.25%)

AESI 52 (6.41%)

Bleeding events 46 (5.67%)

Bone marrow toxicity 0 (0.00%)

Thrombocytopenia 1 (0.12%)

Liver-related events 1 (0.12%)

Anaphylaxis 0 (0.00%)

Cutaneous events 1 (0.12%)

Skin vasculitis 0 (0.00%)

Renal failure 3 (0.37%)

Pregnancy 0 (0.00%)

AEs leading to temporary interruption of treatment 30 (3.70%)

AEs leading to discontinuation of treatment 43 (5.30%)

AEs with a fatal outcome 36 (4.44%)

The table shows the number of patients from the RITMUS-AF safety analysis set for whom the listed AEs 
were reported. Each patient could experience more than one AE. A total of 256 AEs were reported in the 
RITMUS-AF safety analysis set.

AE: adverse event; AESI: adverse event of special interest; RITMUS-AF: Rivaroxaban Treatment 
Discontinuation Rates in Routine Clinical Practice in Italy in Patients with Nonvalvular Atrial Fibrillation; 
SAE: serious adverse event.

https://doi.org/10.1371/journal.pone.0341633.t002
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Conclusion

RITMUS-AF found that premature rivaroxaban discontinuation was low, whereas patient-reported adherence was high 
among patients with NVAF in routine clinical practice in Italy. This study addresses the scarcity of real-world data on rivar-
oxaban treatment discontinuation and provides valuable insights into the management of patients receiving rivaroxaban 
for stroke prevention.

Future studies could evaluate potential predictors of treatment discontinuation in clinical practice, investigate causal 
relationships underlying discontinuation trends, and explore additional patient subgroups.

Despite its limitations, the study focuses on patient age, comorbidities (such as diabetes), and OAC-naïve status, 
providing important insights into treatment discontinuation patterns and AE incidence. The low treatment discontinuation 
rate of rivaroxaban observed in this real-world population at high ischemic and hemorrhagic risk is clinically reassuring, 
given the low proportion of patients who discontinued treatment. Overall, these findings enhance the understanding of the 
benefit–risk balance of DOAC therapy and may help inform clinical decision-making regarding its use in routine practice.
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