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Aim: Aim to compare the effects of rivaroxaban and warfarin on rapid renal function decline.
Methods: 8842 patients from the Tianjin Health and Medical Data Platform, with a 2.3 years median follow-up (interquartile 
range,1.5–3.4), were assigned to either the warfarin group (n = 3913) or rivaroxaban group (n = 4929). Logistic models, inverse 
probability of treatment weighting(IPTW), and propensity score-matched (PSM) analyses were employed to compare the risk of rapid 
renal function decline associated with rivaroxaban versus warfarin. The multivariable fractional polynomial interaction(MFPI) was 
used to investigate interactions between continuous variables and the adverse outcome. Restricted cubic splines(RCS) were applied to 
assess the relationship between the prognostic nutritional index (PNI) score and the adverse outcome.
Results: Rivaroxaban was associated with an increased risk of rapid renal function decline compared with warfarin in both the 
univariate (odds ratio [OR], 1.24; 95% confidence interval [CI], 1.14–1.36; P < 0.001) and multivariate (OR, 1.17; 95% CI, 1.07–1.29; 
P = 0.001) logistic models. Similar trends were observed in the IPTW (OR, 1.16; 95% CI, 1.09–1.33; P < 0.001), PSM model (OR, 
1.21; 95% CI, 1.09–1.33; P < 0.001), and all subgroup analyses. In the MFPI analysis, the adverse outcome was significantly alleviated 
with an increasing PNI score (threshold at PNI score of 50, P = 0.039). A linear negative relationship (P for nonlinearity = 0.221) 
between the PNI score and rapid renal function decline was observed in patients receiving rivaroxaban.
Conclusion: Rivaroxaban was associated with a higher risk of rapid renal function decline than warfarin. Enhanced nutritional 
support may help mitigate this adverse outcome.
Keywords: rivaroxaban, warfarin, rapid renal function decline, nutritional support

Introduction
Over the past decade, the rise of direct oral anticoagulants (DOACs) has reshaped the anticoagulant therapy landscape. 
Their safety has been shown to be non-inferior in various settings and, for some indications, superior to warfarin in both 
safety and efficacy. Between 2011 and 2020, the use of DOACs in patients with atrial fibrillation rose significantly from 
4.7% to 47.9%, while warfarin use declined from 52.4% to 17.7%.1 Major guidelines recommend DOAC therapy over 
warfarin because of its higher safety profile and greater convenience, particularly by reducing the need for routine 
monitoring and dietary restrictions.2–9 Nevertheless, increasing reports of DOAC-related renal function decline have 
raised growing concerns.

Studies focusing on apixaban10 and dabigatran11 are being increasingly performed, and most of them are case reports. 
However, the role of rivaroxaban in renal function decline has received little attention. Rivaroxaban is a direct factor Xa 
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inhibitor that has been studied in the treating various thromboembolic and atherosclerotic conditions.12 Presently, it is 
mainly used for the treatment of nonvalvular atrial fibrillation and deep vein thrombosis, and its use in vascular diseases 
is increasing.13

Because DOAC-related renal function decline is an underestimated event, prescribers may not realize the potential 
renal impairment related to DOACs, especially rivaroxaban. Delayed recognition of DOAC-related renal function decline 
could lead to irreversible renal damage if the drug is not promptly discontinued or switched to another therapy. A meta- 
analysis suggested that only 40% of patients experienced kidney function recovery after discontinuation of anticoagulant 
therapy, while most patients did not.14 Furthermore, recent studies have shown that DOAC-related renal function decline 
may be related to continuous lysis of red blood cells, leading to the intratubular obstruction and accumulation of heme 
molecules and catalytic iron, thereby generating harmful hydroxyl radicals.14 How to reduce the incidence of renal 
function decline and optimize the therapeutic effect of rivaroxaban has become an urgent issue. We performed the present 
study to guide more effectively the clinical application of rivaroxaban and improve patients’ quality of life.

Methods
Study Design and Population
Tianjin, located in northern China, has a population of 13.9 million. This study utilized data from the Tianjin Health and 
Medical Data Platform (THMDP), which includes comprehensive healthcare records from 42 (100%) of 42 tertiary 
general hospitals, 261 (97.8%) of 267 community healthcare centers, and 36 (66.7%) of 54 secondary hospitals across 
Tianjin. The THMDP database contains inpatient, outpatient, and mortality records from these facilities. Key data 
elements included are as follows: essential demographic information (eg, age, sex, marital status); diagnoses, categorized 
under the International Classification of Diseases, Tenth Revision (ICD-10), using the National Clinical Edition 2 ICD 
Dictionary; prescription details; clinical laboratory results; procedural codes; and outcomes such as mortality rates, 
discharge statuses, and hospital stay durations. Each patient is assigned a unique identifier, enabling the correlation of 
multiple visits by the same patient (details are available in our previously published research15). To protect patient 
privacy, all personal information is encrypted. Use of the THMDP was approved by the Tianjin Health Commission, and 
the analysis scheme was approved by the Ethics Committee of Tianjin Medical University General Hospital (No. 
IRB2022-YX-235-01). This study complies with the Declaration of Helsinki.
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We established a cohort based on the THMDP database, aiming to enroll 68,809 new oral anticoagulant users 
(including warfarin, dabigatran, rivaroxaban, apixaban, and endoxaban) between January 2015 and June 2020. After 
excluding 42,239 patients with missing creatinine data, 16,329 patients with a creatinine test interval of < 1 year, 2 
patients aged < 18 years, 824 patients using other oral anticoagulants (dabigatran, apixaban, or endoxaban), and 582 
patients with end-stage renal disease, 8842 patients were enrolled in this study. The selection process is illustrated in 
Figure 1.

Definition of Outcomes
The eGFR was calculated according to the 2012 clinical practice guidelines, Kidney Disease: Improving Global 
Outcomes (KDIGO), and the Chronic Kidney Disease Epidemiology Collaboration formula.16,17 The eGFR slope was 
calculated for each patient using the difference between the last and first eGFR measurements divided by the time 
interval (in years) between these two measurements. Rapid renal function decline was defined as an annual eGFR 
decrease of > 3 mL/min/1.73 m2.18

Study Variables
Covariates were as follows: patient demographics [age, sex, current drinking, daily smoking, and local resident], 
treatment indication [atrial fibrillation (AF), venous thromboembolism (VTE), and others], past medical history, clinical 
characteristics [estimated glomerular filtration rate (eGFR), lymphocyte count.

Figure 1 Inclusion and exclusion flowchart.
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(PCS/uL), serum albumin and prognostic nutritional index (PNI) score], and previous medication use [antiplatelet 
agents, statins, angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB), β-blocker, and 
antidiabetic drug]. The study used ICD-10 codes to identify prior disease history from the day of study entry or earlier. 
Definitions of the study variables and outcomes are provided in Table S1 and Table S2.

Statistical Analyses
For normally distributed data, variables are reported as mean ± standard deviation. For non-parametric data, variables are 
reported as the median of the quartile range. Categorical variables are expressed as percentages. Using Fisher exact test to 
compare the differences between the binomial data, and the Mann–Whitney U-test and unpaired t test were used to 
compare the continuous variables with skewed distribution and normal distribution, respectively.

First, we presented the distribution of the annual decline in the eGFR using a histogram (Figure S1). To explore the 
relationship between the type of anticoagulant (rivaroxaban vs warfarin) and the decline in the eGFR, we used warfarin 
as the reference in the following four models: a univariable logistic model, a multivariable adjusted logistic model, 
IPTW, and PSM analysis with maximum 1-to-1 matching. The OR and CI were calculated. The multivariable logistic 
model was applied to adjust for as many clinically relevant confounding variables as possible, providing a more accurate 
estimate of the independent effect of rivaroxaban. In addition, to further reduce selection bias and strengthen the 
robustness of the findings, we employed IPTW and PSM methods. These approaches allowed us to balance baseline 
covariates between treatment groups by assigning weights based on propensity scores (IPTW) or by matching patients 
with similar characteristics (PSM), thus mimicking the conditions of a randomized controlled trial as closely as possible. 
PSM was performed using the “calipmath” command in STATA with a greedy matching algorithm and no replacement. 
A caliper width of 0.2 of the standard deviation of the logarithm of the propensity score was used for all matching. To 
assess the adequacy of matching, absolute standardized differences in baseline covariates were calculated pre- and post- 
matching, with covariates having less a < 10% difference after matching considered adequately matched.

We performed interaction tests and subgroup analyses on the entire cohort. For continuous variables, we applied the 
MFPI to explore potential interactions between continuous variables and the type of anticoagulant (rivaroxaban vs 
warfarin) in relation to rapid renal function decline.

Considering the impact of different PNI scores on the effect of anticoagulants on eGFR decline, we further evaluated 
the effect of PNI scores on rapid renal function decline in the rivaroxaban population, to identify potential risk thresholds. 
Restricted cubic splines in the multivariable adjusted logistic model were used to assess the association between PNI 
scores and the risk of eGFR decline. The “xblc” command in STATA was used to estimate the OR for the association 
between PNI scores and the risk of eGFR decline.

The missing rates are presented in Table S3. Statistical analysis was performed using STATA (version 16.0). Defined 
as significant as a P-value of < 0.05 in two-tailed tests.

Results
Characteristics of Patients
Totally, 8842 patients were evaluated (Figure 1). Of these, 3913 (44.3%) patients used warfarin and 4929 (55.7%) used 
rivaroxaban. The median follow-up was 2.3 years (1.5–3.4). The baseline characteristics are presented in Table 1. The 
median age was 67 years, and about half were men. Compared with the warfarin group, the rivaroxaban group was 
slightly older (mean age 69 years) and had a higher prevalence of comorbidities such as hypertension (71.3% vs 66.5%), 
diabetes (16.6% vs 10.8%), ischemic stroke (14.5% vs 10.0%), and cancer (8.4% vs 5.1%), whereas the warfarin group 
had a higher rate of heart failure (48.7% vs 32.1%). The baseline eGFR was similar between the two groups (84.4 ± 19.1 
vs 83.9 ± 19.6 mL/min/1.73 m2; P = 0.24). The average annual decrease in the eGFR across the entire population was 
2.09 mL/min/1.73 m2 (1.75 and 2.36 mL/min/1.73 m2 in the warfarin and rivaroxaban groups, respectively; P = 0.001).
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Effects of Rivaroxaban and Warfarin on Risk of Rapid Renal Function Decline in 
Different Models
Rapid renal function decline was analyzed as a binary variable. In the entire cohort, rapid renal function decline occurred 
in 3249 (36.7%) patients, including 1921 (39.0%) in the rivaroxaban group and 1328 (33.9%) in the warfarin group. As 
shown in Figure 2, rivaroxaban was associated with a higher risk of rapid renal function decline than was warfarin in the 
univariate logistic model (OR, 1.24; 95% CI, 1.14–1.36; P < 0.001). This association was statistically significant after 
multivariate analysis (OR, 1.17; 95% CI, 1.07–1.29; P = 0.001). Similarly, the inverse probability of treatment weighting 
model (OR, 1.16; 95% CI, 1.09–1.24; P < 0.001) and the PSM model (OR, 1.21; 95% CI, 1.09–1.33; P < 0.001) 
demonstrated the same trend. The covariate balance after propensity score matching is presented in Table S4, and all 
covariates showed absolute standardized differences of less than 10%, indicating adequate matching between the two 
groups.

Subgroup Analyses
Our results showed a consistent increase in the risk of rapid renal function decline in patients using rivaroxaban 
compared with those using warfarin across all subgroups (Figure 3). All interaction P values exceeded 0.05, suggesting 
no significant heterogeneity across subgroups.

Table 1 Patient Characteristics

Factor Total (n=8842) Warfarin (n=3913) Rivaroxaban (n=4929) p-value

Age, median (IQR) 67 (60, 74) 65 (58, 72) 69 (61, 76) < 0.001
Male (n, %) 4617 (52.2%) 2065 (52.8%) 2552 (51.8%) 0.35

Smoking (n, %) 969 (11.0%) 426 (10.9%) 543 (11.0%) 0.85

Drinking (n, %) 475 (5.4%) 208 (5.3%) 267 (5.4%) 0.83
Tianjin permanent residents (n, %) 8031 (90.8%) 3563 (91.1%) 4468 (90.6%) 0.51

Treatment_indication
AF 5445 (61.6%) 2453 (62.7%) 2992 (60.7%) < 0.001
VTE 2957 (33.4%) 1153 (29.5%) 1804 (36.6%)

Others 440 (5.0%) 307 (7.8%) 133 (2.7%)
Hypertension (n, %) 6117 (69.2%) 2602 (66.5%) 3515 (71.3%) < 0.001

Diabetes mellitus (n, %) 1244 (14.1%) 424 (10.8%) 820 (16.6%) < 0.001

Coronary artery disease history (n, %) 311 (3.5%) 120 (3.1%) 191 (3.9%) 0.040
Heart failure history (n, %) 3491 (39.5%) 1907 (48.7%) 1584 (32.1%) < 0.001

Ischemic stroke (n, %) 1110 (12.6%) 393 (10.0%) 717 (14.5%) < 0.001

Anemia history (n, %) 433 (4.9%) 166 (4.2%) 267 (5.4%) 0.011
Chronic pulmonary history (n, %) 1363 (15.4%) 503 (12.9%) 860 (17.4%) < 0.001

Liver disease history (n, %) 2263 (25.6%) 925 (23.6%) 1338 (27.1%) < 0.001

Gastrointestinal bleeding history (n, %) 232 (2.6%) 86 (2.2%) 146 (3.0%) 0.026
Cancer history (n, %) 613 (6.9%) 201 (5.1%) 412 (8.4%) < 0.001

eGFR (mL/min/1.73 m2), mean ±SD 84.21 ±19.34 83.95± 19.60 84.43±19.13 0.24

Lymphocyte count (PCS/uL), median (IQR) 1520 (1140,1960) 1530 (1130, 1970) 1519.30 (1150,1960) 0.79
Serum albumin, median (IQR) 40 (37, 43) 40 (37, 43) 40 (37, 43) 0.007

PNI, median (IQR) 47.8 (43.75,51.45) 47.95 (44,51.5) 47.65 (43.5,51.45) 0.032

Medication used in the first 6 months before hospitalization:
Antiplatelet agents (n, %) 2725 (30.8%) 1177 (30.1%) 1548 (31.4%) 0.18

Statin (n, %) 2073 (23.4%) 891 (22.8%) 1182 (24.0%) 0.18

AECI/ARB (n,%) 1879 (21.3%) 822 (21.0%) 1057 (21.4%) 0.62
Beta blockers (n,%) 2088 (23.6%) 995 (25.4%) 1093 (22.2%) < 0.001

Antidiabetic drugs (n,%) 2004 (22.7%) 905 (23.1%) 1099 (22.3%) 0.35

Annual decrease in eGFR, mL/min/1.73 m2/year(SD) 2.09 (8.64) 1.75 (8.21) 2.36 (8.97) 0.001

Abbreviations: AF, Atrial fibrillation; PNI, = Albumin (g/L) +5* lymphocyte count (*10^9/L); VTE, venous thromboembolism.
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Effect of Continuous Variables on Rivaroxaban-Related Rapid Renal Function Decline
In the multivariable fractional polynomial interaction analysis (Figure 4), we compared the relative risk differences 
between rivaroxaban and warfarin across varying levels of low-density lipoprotein cholesterol, systolic blood pressure, 
baseline eGFR, and PNI. The results showed that neither low-density lipoprotein cholesterol concentration nor baseline 
eGFR significantly influenced the association between rivaroxaban use and rapid renal function decline (P = 0.744 and 
P = 0.727, respectively). Although not statistically significant (P = 0.529), we observed that a decrease in systolic blood 
pressure attenuated the risk of rivaroxaban-related rapid renal function decline, particularly below 120 mmHg. Notably, 
an increase in the PNI score also attenuated the risk, with a threshold observed at a PNI score of 50 and a significant 
interaction (P = 0.039). According to subgroup analyses stratified by PNI, rivaroxaban use was associated with a higher 
risk of renal function decline compared with warfarin when the PNI was below 50 (OR, 1.25; 95% CI, 1.12–1.40; P < 
0.001), whereas no significant difference was observed between the two groups when the PNI exceeded 50 (OR, 1.04; 
95% CI, 0.88–1.22; P = 0.661).

Associations Between PNI Score and Rivaroxaban-Related Rapid Renal Function 
Decline
Finally, restricted cubic spline curves were used to assess the association between PNI scores and rapid renal function 
decline among patients using rivaroxaban (Figure 5). A linear negative relationship was observed (P for nonlinearity = 
0.221) between PNI scores and the risk of rapid renal function decline. As the PNI increased, the risk of renal function 
decline gradually decreased among patients receiving rivaroxaban. A PNI score of 50 was identified as the threshold 
associated with an increased risk of rapid renal function decline.

Discussion
In our multicenter cohort, rivaroxaban was associated with a higher risk of rapid renal function decline than was warfarin 
across different model analyses. Further analyses revealed a noteworthy linear negative correlation between the PNI 
score and this adverse outcome, suggesting that improved nutritional support could help reduce the incidence of rapid 
renal function decline, enhance the prognosis, and optimize the therapeutic effect of rivaroxaban.

As DOAC usage continues to rise,19 concerns are growing about the risk of renal function decline associated with 
their use. From 2020 to date, 65 cases of anticoagulation-related renal function decline have been reported in the FDA 
Adverse Event Reporting System public dashboard: 49% of these cases involved warfarin, 14% dabigatran, 11% 
rivaroxaban, and 8% edoxaban. However, the current incidence of this condition in patients using DOACs remains 
unclear.20 With the growing use of DOACs in patients with end-stage renal disease, failure to recognize their increased 

Figure 2 Comparison of rivaroxaban and warfarin in the risk of rapid renal function decline in different models.
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risk of chronic kidney disease (CKD) could result in worse outcomes. In this study, we found that rivaroxaban had 
a significantly more harmful effect on rapid renal function decline, as compared to warfarin, supported by multiple 
models and subgroup analyses. Given the widespread global use of rivaroxaban and the limited reports of rapid renal 
decline, our findings should prompt clinicians to monitor patients carefully and consider reducing or discontinuing the 
drug when appropriate. Another retrospective meta-analysis of 24 cases reported that kidney recovery occurred in only 
40% of patients after discontinuation of anticoagulation therapy, with the majority of patients failing to regain renal 
function.14 This underscores the urgent need to explore the mechanisms underlying rivaroxaban-related renal function 
decline and to identify potential treatment targets.

The mechanism underlying rivaroxaban-related rapid renal function decline is still unknown, but nephron damage 
appears to have an obstructive etiology. This includes the formation of red blood cell casts that cause obstruction and 
further damage to the nephron. Additionally, the ongoing lysis of red blood cells leads to the accumulation of heme- 

Figure 3 Rivaroxaban versus warfarin on the risk of rapid renal decline in different subgroups. 
Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease.
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Figure 4 Effect of LDL-C (A), SBP (B), baseline eGFR (C) and PNI (D) on rivaroxaban-related rapid renal function decline. 
Abbreviations: LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

Figure 5 The restricted cubic splines in the multivariable adjusted logistic model assessed the relationship between PNI and the risk of rapid renal function decline.
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containing molecules and catalytic iron, which generate harmful hydroxyl radicals.14 From the perspective of common 
risk factors, major contributors to renal function decline include advanced age, diabetes, hypertension, and heart 
failure,21,22 which may also important in the onset of rapid renal function decline.

Because anticoagulant therapy is often lifelong, preserving renal function has become a critical issue in the manage
ment of patients with anticoagulant treatment.23 Recently, a study revealed that in patients suffered from CKD, lower 
dietary protein intake (< 92 g/day) rather than higher intake (> 163 g/day) was associated with renal function decline.24 

This highlights the importance of enhanced nutritional support for these patients.
In a recent study, the PNI score was associated with the prevalence of CKD, whereas hypoalbuminemia was not. 

The PNI is a lymphocyte- and albumin-based index designed to reflect robustly an individual’s immune and nutritional 
status. Emerging evidence suggests that the PNI score could predict the prognosis of cancer,25–28 cardiovascular 
disease,29,30 and renal injury.31 Furthermore, a low PNI score is related to death in patients with CKD.32,33 Other 
studies have shown that the PNI score is an independent predictor of all-cause mortality in patients with diabetic 
kidney disease, possibly because this score serves as a more comprehensive marker than the albumin concentration or 
lymphocyte count alone. The PNI score integrates immune, nutritional, and chronic inflammatory factors,30 which are 
important drivers of disease. In fact, patients with atrial fibrillation and renal injury are usually in a highly inflamma
tory state, which could significantly deteriorate their nutritional status. Therefore, PNI, which represents nutritional 
status and chronic inflammation, may be applicable to the clinical management of these patients.30 In this study, we 
also found that lower PNI scores promote rapid renal function decline. When the PNI score is > 50, it significantly 
slows the rate of renal function decline, underscoring the importance of enhanced nutritional support, such as 
maintaining proper BMI and hemoglobin levels.30 Besides, high quality protein and foods rich in antioxidants, and 
appropriate supplementary keto acid analogues also benefits of nutritional support. This finding has potential implica
tions for the clinical application of rivaroxaban, suggesting that enhanced nutritional support could optimize its 
therapeutic effect and improve the disease prognosis. Additionally, although not statistically significant, we observed 
that, as the systolic blood pressure decreased, the risk of rapid renal function decline associated with rivaroxaban was 
attenuated, particularly below 120 mmHg. This finding highlights the potential importance of intensive antihyperten
sive therapy in the anticoagulant patients. In view of the low plasma albumin level and hypertension in most patients in 
this study, our conclusions provide feasible options to some extent, such as strengthening nutritional support and 
maintaining good blood pressure.

The major advantage of this research is its use of electronic medical record data, which reflect real-world clinical 
practice and provide sufficient power to examine the relationship between anticoagulants and the adverse outcomes. 
However, the study had three main limitations. Firstly, because this was an observational study, residual confounding due 
to unmeasured or unknown factors cannot be fully excluded despite the use of multiple adjustment methods. We were 
unable to establish a causal relationship between anticoagulants and the risk of rapid renal function decline. Additionally, 
we excluded patients without creatinine records during follow-up, which may have introduced potential bias. Besides, as 
the data is from an electronic medical record system, there is a lack of detailed records of nutritional descriptions, making 
it difficult to conduct a more detailed analysis of the patient’s nutritional imbalance.

Conclusion
In a word, this multicenter study provides valuable insight into the harmful effects of rivaroxaban on rapid renal function 
decline and highlights the importance of maintaining a proper nutritional status, which may also enhance the effective
ness of rivaroxaban treatment. Nevertheless, these findings require further validation in prospective studies, with longer 
follow-up periods.
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