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Background: Optimal dosing of rivaroxaban in very elderly (≥80 years) nonvalvular atrial fibrillation (AF) patients remains debated, 
particularly concerning ultra-low-dose (5 mg daily) regimens derived from clinician judgement. This study aimed to describe real- 
world comparative outcomes associated with these clinician-selected dosing regimens.
Methods: The study included 1389 very elderly nonvalvular AF patients (≥80 years) who received rivaroxaban between January 2018 
and December 2022, with 373, 604, and 412 patients receiving 5 mg, 10 mg, and 15/20 mg daily, respectively. Baseline characteristics 
were balanced using stabilized inverse probability of treatment weighting (IPTW). The outcomes included composite efficacy 
outcomes (stroke, systemic embolism, myocardial infarction and cardiovascular death) and major bleeding. Subgroup analysis and 
plasma trough level comparisons were conducted to further assess consistency and pharmacokinetics.
Results: The composite efficacy event rates were 9.3%, 6.6%, and 7.0% for the 5 mg, 10 mg, and 15/20 mg groups, respectively. After 
IPTW, there was no statistically significant difference in composite efficacy outcomes between three groups (HR for 10 mg vs 5 mg: 
0.71, 95% CI: 0.44–1.15; HR for 15/20 mg vs 5 mg: 0.91, 95% CI: 0.52–1.59). However, major bleeding occurred in 1.6%, 3.6%, and 
6.1% of patients, exhibited a dose-dependent increase. The 15/20 mg group had a 4.27-fold higher risk compared to the 5 mg group 
(HR: 4.27, 95% CI: 1.66–10.97), while the 10 mg group showed no significant elevation (HR: 2.11, 95% CI: 0.82–5.40). Subgroup 
analysis confirmed consistent efficacy and safety trends across specified subgroups. Plasma trough concentrations were significantly 
higher in the 15/20 mg group compared to the 5 mg group, with no significant difference between the 10 mg and 5 mg groups.
Conclusion: In very elderly AF patients, ultra-low-dose rivaroxaban (5 mg daily) provided comparable efficacy to higher doses while 
significantly reducing major bleeding. This regimen may be a balanced option for high-risk elderly populations.
Keywords: atrial fibrillation, very elderly patients, rivaroxaban, ultra-low-dose

Introduction
Atrial fibrillation (AF) is the most prevalent sustained cardiac arrhythmia globally, with epidemiological studies projecting 
its prevalence to escalate in parallel with population aging trends.1 Notably, individuals aged ≥80 years demonstrate an age- 
specific AF prevalence exceeding 10%.2 This vulnerable population presents distinct clinical challenges in AF management 
due to the confluence of age-associated physiological decline, multi-morbidity profiles (eg, hypertension, renal insuffi
ciency), polypharmacy, and heightened predisposition to hemorrhage-factors that collectively complicate anticoagulation 
decision-making.3

The non-vitamin K antagonist oral anticoagulants (NOACs) have fundamentally transformed thromboembolic 
prophylaxis in AF by offering superior safety profiles and elimination of routine monitoring compared to conventional 
vitamin K antagonists. Rivaroxaban, a direct factor Xa inhibitor, has emerged as a cornerstone therapy endorsed by 
international guidelines.4,5 Current ACC/AHA and ESC guidelines recommended standard-dose rivaroxaban (20 mg 
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once daily or 15 mg daily for reduced renal function) for stroke prevention in nonvalvular AF and did not endorse further 
dose reductions.6,7 However, in real-world practice, considerable variation in rivaroxaban dosing exists globally, where 
physicians often prescribe lower doses to mitigate bleeding risk in frail elderly patients.8,9 This divergence highlights an 
ongoing clinical controversy regarding whether underdosing compromises thromboembolic protection while enhancing 
safety, underscoring the need for real-world evidence to guide individualized anticoagulation strategies in very elderly 
populations. Given these competing risks, determining the optimal anticoagulant dose in elderly patients remains 
clinically challenging.

Emerging pharmacodynamic investigations have posited that modified rivaroxaban dosing regimens might optimize 
benefit-risk ratios in Asian populations. The trial (J-ROCKET AF) demonstrated non-inferior stroke prevention with 
reduced rivaroxaban dose (15 mg daily, 10 mg daily for creatinine clearance < 50 mL/min) versus warfarin in Japan, 
coupled with no significant increase in major bleeding.10 Additionally, age-related decreases in hepatic cytochrome P450 
isoenzyme (CYP450) activity and renal clearance may prolong the half-life of rivaroxaban in elderly populations, as 
confirmed by several pharmacokinetic studies,11,12 suggesting potential for further dose de-escalation.

Notwithstanding these advances, a critical evidence gap persists regarding the efficacy-safety equilibrium of ultra-low 
-dose rivaroxaban (<10 mg daily) in systematically evaluated elderly AF cohorts. Current clinical practice relies 
primarily on empirical dose adjustments rather than evidence-based protocols tailored to extreme age groups. Given 
the increasing number of elderly AF patients, there is an urgent need to explore whether ultra-low-dose rivaroxaban can 
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provide an effective and safe alternative to standard dose, particularly in this vulnerable population. This study therefore 
aimed to describe the real-world utilization patterns and report comparative outcomes across different physician-selected 
rivaroxaban doses (standard, low, ultra-low) in nonvalvular AF patients aged ≥80 years.

Methods
Study Design and Participants
This retrospective cohort study utilized data from a tertiary hospital-based nonvalvular AF registry, spanning from 
1 January 2018 to 31 December 2022. Eligible patients were included based on the following criteria: (1) nonvalvular AF 
documented on an electrocardiogram and echocardiography during hospitalization; (2) Age ≥ 80 years; (3) Currently 
receiving rivaroxaban therapy. Exclusion criteria included the following: (1) Use of oral anticoagulants other than 
rivaroxaban (eg, warfarin, dabigatran, apixaban, or edoxaban); (2) Patients who discontinued rivaroxaban and switched 
to alternative oral anticoagulants during follow-up were excluded; (3) Creatinine clearance (CrCl) < 15 mL/min; (4) 
Liver disease with Child-Pugh class B or C (eg, acute clinical hepatitis, chronic active hepatitis, cirrhosis);4 (5) 
Concomitant use of drugs with both CYP3A4 and p-glycoprotein inhibitors (eg, ketoconazole, voriconazole, itracona
zole, ritonavir) or strong inducers of CYP3A4 (eg, rifampin, carbamazepine, phenytoin).

Anticoagulant therapy was systematically reviewed and recorded. According to the National Medical Products 
Administration (NMPA)-approved prescribing information for rivaroxaban in China, the recommended dosage is 
20 mg once daily (CrCl ≥50 mL/min) or 15 mg once daily (CrCl <50 mL/min). In this study, the prescribed rivaroxaban 
dose was based on the initial prescribed daily dose as determined by the physician according to clinical judgment. 
Patients were categorized into three groups based on dosage: standard dose (20/15 mg daily), low dose (10 mg daily), and 
ultra-low dose (5 mg daily). Medication adherence was verified through electronic prescription records, outpatient 
prescription reconciliation, and telephone follow-ups.

Covariates
Data were extracted from electronic medical records, including patient demographics, comorbidities, medication history, 
FRAIL Scale scores, CHA2DS2-VASc scores, HAS-BLED scores and renal function. The FRAIL Scale scores are 
a simple, validated tool used to assess frailty in older adults.13 It evaluated five key domains: fatigue, resistance, 
ambulation, illness and weight loss. Scores classify patients into three categories: not frail (0 points), pre-frail (1–2 
points) and frail (3–5 points). The CHA2DS2-VASc score, a clinical tool to stratify stroke risk in atrial fibrillation,4 

incorporates the following factors: congestive heart failure, hypertension, age ≥75 years, diabetes, prior stroke/transient 
ischemic attack (TIA), vascular disease, age 65–74 years, and female sex. Each factor contributes a predefined score, 
with cumulative totals guiding anticoagulation decisions. The HAS-BLED score estimates bleeding risk in anticoagulated 
AF patients,4 accounting for uncontrolled hypertension, abnormal renal/hepatic function, prior stroke, bleeding history or 
predisposition, labile international normalized ratio (INR), advanced age (>65 years), and concomitant use of alcohol or 
drugs predisposing to hemorrhage. Renal function was assessed by calculating CrCl using Cockcroft-Gault formula: CrCl 
= [(140 − age) × weight (kg) × 1.23/serum creatinine (μmol/L)] (×0.85 for females). Actual body weight was used for all 
patients due to lack of standardized adjustments in the dataset.

Study Outcomes
The efficacy outcome comprised a composite of stroke, systemic embolism, myocardial infarction and cardiovascular 
death, as well as each individual outcome. The safety outcome was major bleeding according to the definition of the 
International Society on Thrombosis and Haemostasis (ISTH) criteria.14 Patients could experience multiple outcomes 
during the study period, but only the first event was included in the analysis. All outcomes were blindly adjudicated by 
two independent clinicians. Discrepancies were resolved by a third-party senior specialist through a centralized review. 
The follow-up period was defined as the interval from initiation of anticoagulant therapy to the first occurrence of any 
outcome or the study end date (31 December 2024), whichever occurred first. The study was designed with a planned 
2-year observation period.
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Stroke was defined as sudden onset of a focal neurologic deficit consistent with a major cerebral artery territory, 
persisting >24 hours and not attributable to other causes (eg, metabolic disorders or trauma).15 Strokes were categorized 
as ischemic, hemorrhagic, or unspecified and confirmed by computed tomography (CT) or magnetic resonance imaging 
(MRI). Systemic embolism was characterized by the sudden abrupt vascular insufficiency, accompanied by clinical or 
radiological evidence of arterial occlusion, in the absence of other probable etiologies such as atherosclerosis, invasive 
procedures, or trauma.16 Acute myocardial infarction was defined according to the Fourth Universal Definition of 
Myocardial Infarction, including elevated cardiac troponin (≥99th percentile upper reference limit) and at least one of 
the following: (1) symptoms of acute myocardial ischemia (eg, chest pain, shortness of breath); (2) new ischemic 
electrocardiogram (ECG) changes (eg, ST-segment elevation/depression, T-wave inversion); (3) imaging evidence of loss 
of viable myocardium or new regional wall motion abnormalities; (4) identification of a coronary thrombus via 
angiography or autopsy.15 Cardiovascular death was classified as sudden cardiac arrest, acute myocardial infarction, 
ischemic stroke, heart failure, cardiogenic shock, immediate complications from a cardiovascular procedure, and other 
cardiovascular causes.15

Major bleeding was defined as clinically overt bleeding associated with any of the following: fatal outcome, 
involvement of critical site (eg, intracranial, spinal, ocular, articular or retroperitoneal), hemoglobin drop >2 g/dL, 
transfusion of >2 units of whole blood or red blood cells, or permanent disability.14

Statistical Analysis
Study participants were classified according to the initial dose of rivaroxaban prescribed at cohort entry. This first exposure 
carried forward (FECF) assignment was maintained throughout follow-up, regardless of subsequent dose modifications or 
temporary interruptions. This approach aligns with the objective to evaluate outcomes associated with the initial dosing 
decisions of clinicians for elderly AF patients, which represent a key therapeutic choice point in real-world practice.

To evaluate clinical outcomes between different groups, the stabilized inverse probability of treatment weighting 
(IPTW) approach was implemented to enhance covariate balance and improve comparability. Propensity scores were 
calculated via multivariable logistic regression incorporating baseline covariates. Subsequently, stabilized weights 
derived from these scores were applied to generate a pseudo-population maintaining the original cohort size. Covariate 
balance was assessed by standardized mean differences (SMD) before and after stabilized IPTW, with imbalance defined 
as SMD >10%. Differences in clinical outcomes between different groups were analyzed through Kaplan–Meier method, 
using Log Rank test for survival curve difference. The proportional hazards assumption was verified through diagnostic 
analysis of Schoenfeld residuals, confirming adherence for all models. Hazard ratios (HRs) were calculated using the 
multivariate Cox proportional risk model, with the 5 mg group as reference.

In survival analysis, competing risks (eg, non-cardiovascular deaths) may bias traditional estimates. We utilized 
competing risk regression (Fine and Gray method) to account for the presence of non-cardiovascular deaths as competing 
events. Cumulative incidence functions (CIFs) were estimated using the Aalen-Johansen estimator, and Gray’s test was 
applied to compare CIFs between treatment groups. Sub-distribution HRs and 95% CIs were calculated via multivariable 
regression adjusted for the covariates (Table S1).

Risk of clinical outcomes in specified subgroups (age, gender, CrCl category, FRAIL Scale scores, CHA2DS2-VASc 
scores and HAS-BLED scores) was assessed. For subgroup analysis, multivariate Cox proportional hazards regression 
and propensity score methods were employed. The significance of interaction between the treatment group and subgroup 
was defined as P-for-interaction <0.05.

To assess the robustness of causal effect estimates, we conducted a sensitivity analysis using Targeted Maximum 
Likelihood Estimation (TMLE). As a doubly robust approach, TMLE provides consistent estimation of the causal effect 
of exposure factors on clinical outcomes. Given the inherent risk of unmeasured confounding in observational retro
spective designs, TMLE simultaneously fits an outcome regression model and a propensity score model. This approach 
exhibits double robustness: consistent estimators are attained when either model is correctly specified. The risk difference 
(RD) and relative risk (RR) were calculated. Data analysis was conducted using R software (version 4.5.0).
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Results
Patient Characteristics
Between 2018 and 2022, a total of 1389 patients were enrolled in the study and categorized into three treatment groups: 
373 patients receiving 5 mg, 604 patients receiving 10 mg, and 412 patients receiving 15/20 mg (Table 1). Patients in the 
5 mg group had older age, greater use of antiplatelet agents, and elevated HAS-BLED scores. Conversely, the 10 mg 
group showed a higher prevalence of congestive heart failure, along with higher FRAIL scale scores. Furthermore, 
significant differences were observed in the distribution of renal function among the three groups. After IPTW, all 
baseline characteristics were effectively balanced between the three groups, ensuring a more reliable comparative 
analysis (Table 2).

Clinical Outcomes
The incidence rates for composite outcomes and major bleeding were presented in Figure 1. After adjustment, the 
cumulative incidence curves for composite outcomes showed no significant separation among the 5 mg, 10 mg, and 15/ 
20 mg groups (Figure 2A). Compared to the 5 mg group, neither the 10 mg group (HR: 0.71, 95% CI: 0.44–1.15) nor the 
15/20 mg group (HR: 0.91, 95% CI: 0.52–1.59) exhibited a statistically significant reduction in composite outcomes risk 
(Figure 1). Similarly, no dose-dependent differences were observed in individual components of the composite outcomes, 
including stroke, systemic embolism, myocardial infarction, or cardiovascular death.

Table 1 Baseline Characteristics of Patients Receiving Different Doses of Rivaroxaban Before 
IPTW

Characteristic 5 mg (n=373) 10 mg (n=604) 15/20 mg (n=412) SMD

Age (years, mean) 86.8±4.8 86.2±4.5 84.0±3.1 0.466
Male (n, %) 196 (52.6%) 283 (46.9%) 212 (51.5%) 0.076

BMI (kg/m2, mean) 21.3±2.5 21.1±2.5 21.1±2.6 0.050

Hypertension (n, %) 268 (71.9%) 449 (74.3%) 311 (75.5%) 0.055
Diabetes (n, %) 102 (27.4%) 186 (30.8%) 137 (33.3%) 0.086

Previous stroke (n, %) 159 (42.6%) 268 (44.4%) 180 (43.7%) 0.023

Coronary heart disease (n, %) 145 (38.9%) 195 (32.3%) 159 (38.6%) 0.092
Congestive heart failure (n, %) 127 (34.1%) 255 (42.2%) 137 (33.3%) 0.124

CrCl category (mL/min, %) 0.154

≥90 180 (48.2%) 291 (48.2%) 199 (48.3%)
50-89 141 (37.8%) 214 (35.4%) 173 (42.0%)

30-49 45 (12.1%) 79 (13.1%) 34 (8.3%)

15-29 7 (1.9%) 20 (3.3%) 6 (1.4%)
CHA2DS2-VASc score
Mean±SD 5.2±1.5 5.3±1.4 5.2±1.5 0.058

Distribution (n, %)
≤5 205 (55.0%) 338 (56.0%) 217 (52.7%) 0.044

>5 168 (45.0%) 266 (44.0%) 195 (47.3%)

HAS-BLED score
Mean±SD 3.0±1.5 2.9±1.5 2.7±1.4 0.122

Distribution (n, %)
<3 163 (43.7%) 287 (47.5%) 209 (50.7%) 0.094

≥3 210 (56.3%) 317 (52.5%) 203 (49.3%)

FRAIL scale
Mean±SD 2.5±1.0 2.6±1.1 2.4±1.2 0.143

Distribution (n, %)

<3 174 (46.7%) 254 (42.1%) 215 (52.2%) 0.136
≥3 199 (53.3%) 350 (57.9%) 197 (47.8%)

Antiplatelet agents (n, %) 76 (20.4%) 69 (11.4%) 45 (10.9%) 0.175
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In contrast, the cumulative incidence curves for major bleeding demonstrated clear separation across dose groups 
(Figure 2B). The lowest cumulative incidence was observed in the 5 mg group, followed by the 10 mg group, with the 
highest incidence occurring in the 15/20 mg group, indicating a clear dose-dependent relationship with major bleeding 
risk. The 15/20 mg dose was associated with a 4.27-fold increased risk of major bleeding compared to the 5 mg group 
(95% CI: 1.66–10.97), whereas the 10 mg group showed no significant risk elevation (HR = 2.11, 95% CI: 0.82–5.40).

Fine-Gray competing risk model test revealed that the 15/20 mg group had the highest cumulative risk of major 
bleeding than that of the 5 mg group (Fine-Gray P = 0.005, Figure S1), while no statistically significant difference was 
observed between the different dose groups for composite outcomes (Fine-Gray P = 0.245). The results of the sub- 
distribution hazard function in the Fine-Gray model were shown in Table S1, and the results were consistent with the 
multivariate COX proportional risk model.

Subgroup Analysis
Subgroup analysis was performed based on age, gender, CrCl category, FRAIL Scale scores, CHA2DS2-VASc scores 
and HAS-BLED scores to evaluate the differences in composite outcomes and major bleeding risk across patient 
populations (Figures 3 and 4). Patients aged ≤85 years receiving the 10 mg group demonstrated a statistically significant 
64% reduction in composite outcomes risk compared to the 5 mg group (HR: 0.36, 95% CI: 0.16–0.81). A similar benefit 
was observed in patients with normal renal function, where 10 mg administration was associated with a 56% lower risk 
of composite outcomes (HR: 0.44, 95% CI: 0.22–0.90). Conversely, the 15/20 mg group exhibited substantial 

Table 2 Baseline Characteristics of Patients Receiving Different Doses of Rivaroxaban After 
IPTW

Characteristic 5 mg (n=468) 10 mg (n=464) 15/20 mg (n=445) SMD

Age (years, mean) 85.6±4.6 85.7±4.4 85.2±3.5 0.088

Male (n, %) 230 (49.2%) 230 (49.6%) 221 (49.7%) 0.006

BMI (kg/m2, mean) 21.2±2.5 21.1±2.5 21.1 ±2.5 0.020
Hypertension (n, %) 341 (72.9%) 344 (74.1%) 327 (73.5%) 0.021

Diabetes (n, %) 138 (29.5%) 143 (30.8%) 140 (31.5%) 0.030

Previous stroke (n, %) 200 (42.7%) 202 (43.5%) 193 (43.4%) 0.010
Coronary heart disease (n, %) 167 (35.7%) 165 (35.6%) 163 (36.6%) 0.013

Congestive heart failure (n, %) 176 (37.6%) 174 (37.5%) 166 (37.3%) 0.004
CrCl category (mL/min, %) 0.039

≥90 229 (48.9%) 223 (48.1%) 208 (46.8%)

50–89 176 (37.6%) 176 (37.9%) 174 (39.1%)
30–49 54 (11.6%) 54 (11.6%) 54 (12.1%)

15–29 9 (1.9%) 11 (2.4%) 9 (2.0%)

CHA2DS2-VASc score
Mean±SD 5.2±1.5 5.4±1.4 5.2±1.5 0.086

Distribution (n, %)

≤5 206 (44.0%) 212 (45.7%) 199 (44.7%) 0.021
>5 262 (56.0%) 252 (54.3%) 246 (55.3%)

HAS-BLED score
Mean±SD 2.8±1.5 2.9±1.5 2.8±1.4 0.040
Distribution (n, %)

<3 239 (51.1%) 244 (52.6%) 232 (52.1%) 0.019

≥3 229 (48.9%) 220 (47.4%) 213 (47.9%)
FRAIL scale
Mean±SD 2.5±1.1 2.5±1.1 2.5±1.2 0.032

Distribution (n, %)
<3 249 (53.2%) 251 (54.1%) 236 (53.0%) 0.014

≥3 219 (46.8%) 213 (45.9%) 209 (47.0%)

Antiplatelet agents (n, %) 63 (13.5%) 64 (13.8%) 55 (12.4%) 0.025
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heterogeneity in major bleeding risk. Patients ≤85 years experienced a 4.87-fold increased major bleeding risk (HR: 4.87, 
95% CI: 1.09–21.86), with amplified hazards observed in female patients (HR: 5.34, 95% CI: 1.45–19.68) and those with 
renal insufficiency (HR: 4.38, 95% CI: 1.39–13.77). This elevated major bleeding propensity was extended to other 
distinct populations including those with FRAIL Scale scores ≥3 (HR: 5.00, 95% CI: 1.35–18.49), CHA2DS2-VASc 
scores ≤5 (HR: 4.94, 95% CI: 1.30–18.76), and HAS-BLED scores ≥3 (HR: 7.93, 95% CI: 1.00–63.12). Although, 
subgroup analysis demonstrated variable risks of composite outcomes and major bleeding across clinically stratified 
populations, no significant dose-dependent interaction effects were observed between treatment groups and subgroup 
stratifications (P-interaction >0.05 for all).

Sensitivity Analysis
Using the TMLE method, there were no statistically significant differences between either the 10 mg group (RD: −0.023, 
95% CI: −0.058–0.011; RR: 0.743, 95% CI: 0.485–1.140) or the 15/20 mg group (RD: 0.006, 95% CI: −0.044–0.055; 
RR: 1.067, 95% CI: 0.613–1.859) versus the 5 mg reference group for the composite outcomes (Table S2). In the analysis 
of major bleeding, the 10 mg group showed a non-significant elevated risk trend (RD: 0.019, 95% CI: −0.001–0.038; RR: 
2.154, 95% CI: 0.891–5.207). A clinically significant increase was observed in the 15/20 mg high-dose group (RD: 
0.049, 95% CI: 0.023–0.075; RR: 4.361, 95% CI: 1.727–11.010). Notably, the results derived through TMLE method 
demonstrated strong concordance with those from IPTW analysis.

Plasma Concentration
The steady-state trough concentration of rivaroxaban was measured in some patients (n = 222). Boxplot analysis revealed 
the distribution of rivaroxaban concentrations across the study groups (Figure 5). The median concentration in the 5 mg 
group was 18.8 ng/mL (IQR: 11.6–28.3 ng/mL). Higher doses corresponded to increased median concentrations: 26.0 ng/ 
mL (IQR: 12.5–39.0 ng/mL) in the 10 mg group, and 34.9 ng/mL (IQR: 16.8–61.8 ng/mL) in the 15/20 mg group. 
Multiple linear regression, adjusted for covariates, confirmed significant differences between dosage groups. Compared 

Figure 1 Forest plot showing hazard ratios for clinical outcomes comparing the 10 mg and 15/20 mg groups with the 5 mg reference group.
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to the 5 mg group, the 15/20 mg group had a significantly higher plasma concentration (P < 0.001), while no significant 
difference was observed in the 10 mg group (P = 0.084). The trough concentrations increased with declining renal 
function across all dose groups (Figure S2); however, the 5 mg group exhibited less pronounced fluctuations across CrCl 
category compared to other groups, with a weak correlation to CrCl.

Discussion
The present study investigated the comparative outcomes of ultra-low-dose rivaroxaban (5 mg) compared to low/standard 
doses (10 mg and 15/20 mg) in very elderly patients with nonvalvular AF. The key findings demonstrated that although 
the composite efficacy outcomes did not differ significantly across dose groups. Specifically, a marked dose-dependent 
increase in major bleeding risk was observed, with the 15/20 mg group exhibiting a 4.27-fold higher risk than the 5 mg 

Figure 2 Cumulative incidence curves for composite outcomes (A) and major bleeding (B) in very elderly patients with nonvalvular AF taking different doses of rivaroxaban 
after IPTW.
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group. Notably, the 5-mg dose neither significantly increased composite outcomes nor elevated major bleeding. These 
results underscored the potential benefits of ultra-low-dose rivaroxaban in balancing stroke prevention and bleeding 
safety for this vulnerable population.

Emerging evidence has revealed a complex dose-response relation of NOACs therapy in elderly atrial fibrillation 
populations. While the J-ROCKET AF trial established the efficacy and safety profile of reduced-dose rivaroxaban 
(15 mg daily; 10 mg for CrCl <50 mL/min) in Asian cohorts, its subgroup analysis revealed heightened bleeding risks 
among elderly patients compared to warfarin (25.05% vs 16.95% per year; HR = 1.49, 95% CI: 1.02–2.16), with 
a significant age-dose interaction for safety outcomes.17 A retrospective cohort study demonstrated increased bleeding 
but equivalent effectiveness (all-cause mortality, myocardial infarction, stroke, systemic embolism and venous throm
boembolism) between standard and reduced-dose NOACs in multimorbid elderly AF patients (≥65 years), supporting 
dose reduction strategies in frail populations.18 Although these studies differed in design and population characteristics 
from our analysis, their overall observations were conceptually consistent with our findings of no increase in composite 
efficacy outcomes between low- and standard-dose regimens, suggesting that bleeding susceptibility rather than 

Figure 3 Risk of composite outcomes for the 10 mg and 15/20 mg groups compared with the 5 mg reference group, according to various subgroups.
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thromboembolic protection may be the predominant dose-limiting factor in elderly patients. Nevertheless, a nationwide 
cohort study cautioned against excessive dose reduction in the elderly atrial fibrillation population (≥80 years), revealing 
that very-low-dose NOACs increased the risk of major adverse limb events (HR: 1.54, 95% CI: 1.09–2.18), venous 
thrombosis (HR: 3.75, 95% CI: 1.56–8.97), and all-cause mortality (HR: 1.21, 95% CI: 1.15–1.29) compared with 
regular-dosage NOACs, despite comparable ischemic stroke/systemic embolism and major bleeding.19 These discrepan
cies were corroborated by a systematic review demonstrating that off-label underdosing of NOACs elevated ischemic 
stroke or systemic embolism risk (HR: 1.17, 95% CI: 1.00–1.38) versus on-label dosing without reducing major bleeding 
(HR: 0.91, 95% CI: 0.76–1.10) in patients beyond elderly populations.20 Interestingly, the edoxaban low-dose for elder 
care atrial fibrillation patients (ELDERCAGE-AF) trial revealed that ultra-low-dose edoxaban (15 mg daily) demon
strated superior efficacy compared with placebo in reducing stroke or systemic embolism incidence while maintaining 
non-inferior safety profiles regarding major bleeding.21 Therefore, the lack of significant efficacy differences across doses 
in elderly patients contrasted with earlier reports of dose-dependent efficacy in younger cohorts. This discrepancy may 
reflect unique pathophysiological features in very elderly patients, including altered drug metabolism, frailty, or 

Figure 4 Risk of major bleeding for the 10 mg and 15/20 mg groups compared with the 5 mg reference group, according to various subgroups.

https://doi.org/10.2147/CIA.S555943                                                                                                                                                                                                                                                                                                                                                                                                                                                                Clinical Interventions in Aging 2025:20 2476

Han et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



competing comorbidity-related risks, which attenuated the dose-response relationship for thromboprophylaxis while 
amplifying bleeding susceptibility. Our study extended these observations by exploring even lower doses (5 mg) in 
patients ≥80 years.

In this study, the annualized rate of stroke or systemic embolism was higher in all rivaroxaban dose groups than those 
reported in prior randomized controlled trials (RCTs) involving AF patients.10,22 This could be attributed to age being an 
independent risk factor for thromboembolic events in AF patients. The cumulative incidence of thromboembolism 
exhibited an age-dependent escalation: annual stroke incidence was approximately 1.5% in AF patients aged 50–59 
years, rising to 23.5% in those aged 80–89 years.23 Notably, the ultra-low-dose rivaroxaban regimen evaluated in our 
study demonstrated no statistically significant reduction in thromboembolic events, including ischemic stroke or systemic 
embolism. Regarding safety outcomes, the annualized major bleeding rate observed with 15/20 mg rivaroxaban dosing 
aligned with standard-dose profiles from previous RCTs,10,22 whereas the ultra-low-dose rivaroxaban exhibited signifi
cantly reduced major bleeding, achieving a safety profile comparable to that of non-anticoagulated patients.23 Therefore, 
the ultra-low-dose rivaroxaban may be appropriate for selected high-risk elderly patients, particularly those with 
a hemorrhagic predisposition or extremely advanced age.

While subgroup analysis demonstrated numerical variations in composite outcomes and major bleeding risks across 
populations (eg, age, renal function, frailty), the absence of statistically significant interaction effects (P-interaction >0.05 for 
all subgroups) underscored the robustness of ultra-low-dose rivaroxaban (5 mg) as a universally applicable strategy for elderly 
AF patients. These findings suggested that the efficacy and safety of the 5 mg dose remained consistent regardless of age 
stratification, renal function, frailty status, or baseline stroke/bleeding risk scores. The lack of proven heterogeneity across 
subgroups reinforced the practicality of adopting a simplified dosing regimen for this highly vulnerable population, particularly 
given their frequent polypharmacy, impaired medication adherence, and limited tolerance for complex therapeutic adjustments.

The observed dose-dependent plasma concentration profile provided mechanistic insights into the clinical efficacy- 
safety tradeoffs identified in this study. Although the 15/20 mg group had significantly higher median steady-state trough 
concentrations than the 5 mg group, no reduction in composite outcomes was observed with escalating doses. Previous 
recommendations for laboratory measurement of NOACs mentioned that the expected trough concentration of rivarox
aban for stroke prevention in nonvalvular AF was 12–137 ng/mL.24 Despite ultra-low dose rivaroxaban administration in 
elderly patients, the plasma concentration range in this study remained within the therapeutic threshold required for 
thrombosis inhibition. Conversely, the dose-linear escalation in plasma concentrations amplified bleeding susceptibility. 

Figure 5 Steady-state trough concentrations of rivaroxaban at different doses. Black solid dots represent composite outcomes and red solid dots represent major bleeding.
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The broad interquartile range and extended upper distribution tail in 15/20 mg group likely reflected interindividual 
variability in drug metabolism or reduced clearance due to age-related renal/hepatic impairment. Such pharmacokinetic 
heterogeneity was associated with a significantly increased risk of major bleeding. Moreover, patients experiencing major 
bleeding (red solid dots) consistently exhibited elevated trough concentrations, whereas composite outcomes showed 
a wider distribution of trough concentrations (black solid dots) spanning lower to higher ranges. This observation 
suggested that composite outcomes were not solely driven by anticoagulant intensity in elderly patients. The concentra
tion-dependent bleeding risk and dispersed composite outcomes patterns highlighted the complexity of anticoagulant 
management in elderly AF patients. Ultra-low-dose rivaroxaban, associated with reduced major bleeding and not 
excessively low trough concentrations, appeared advantageous in this population. Future strategies should prioritize 
individualized dosing guided by pharmacokinetic data and comprehensive risk assessment.

Although our findings provided real-world evidence, this study was exploratory and hypothesis-generating in nature. 
Moreover, this study has several limitations. First, its single-center, retrospective design limits generalizability beyond this 
Chinese cohort, although our tertiary medical center serves a wide regional catchment with diverse socioeconomic back
grounds. Second, rivaroxaban dosing was at physicians’ discretion, so patients perceived to be frail or at high bleeding risk 
likely received lower doses. Although IPTW and TMLE were used to adjust for known confounders, residual confounding by 
indication cannot be excluded due to unmeasured factors such as physician judgment and subtle frailty not captured by the 
FRAIL Scale. Finally, renal function was estimated using the Cockcroft-Gault formula, which may overestimate CrCl in very 
elderly, low-BMI patients with reduced muscle mass and low serum creatinine. Future studies should consider more accurate 
methods, such as cystatin C or eGFR equations like CKD-EPI, to better assess renal function in this population.

Conclusion
Our findings demonstrated that ultra-low-dose rivaroxaban (5 mg daily) achieved no significant increase in composite 
efficacy outcomes to standard/low-dose regimens while markedly mitigating major bleeding risks in elderly AF patients. 
These findings provided real-world evidence that may support the potential role of individualized dosing in frail or high- 
risk populations. However, ultra-low-dose rivaroxaban was not currently endorsed by major international guidelines, and 
the retrospective nature of our single-center study may limit the broader applicability of the results. Future prospective, 
multicenter studies are warranted to further confirm these observations.
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