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INTRODUCTION

The use of  anticoagulant therapy, particularly with newer 
agents such as rivaroxaban, has become commonplace 
in managing conditions such as atrial fibrillation and the 
prevention of  venous thromboembolism among elderly 
patients.1,2 Rivaroxaban, a direct factor Xa inhibitor, offers 

the advantage of  not requiring regular monitoring of  the 
coagulation cascade, which has been seen as a benefit over 
traditional anticoagulants such as warfarin.3,4 However, the 
relationship between the plasma concentrations of  rivaroxaban 
and its potential renal effects is not fully understood, especially 
in the elderly who are at increased risk of  renal impairment 
due to age-related decline in kidney function.
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Background: Rivaroxaban is a widely used anticoagulant, but its impact on renal function, 
particularly at varying plasma concentrations, remains a critical area of investigation. This 
study examines the relationship between rivaroxaban concentration and renal impairment 
in elderly patients. Aims and Objectives: The aim of the study was to investigate the 
relationship between rivaroxaban plasma concentrations and the incidence of renal 
impairment in elderly patients. Materials and Methods: A retrospective observational study 
was conducted on 100 elderly patients prescribed rivaroxaban for atrial fibrillation or 
venous thromboembolism prevention. Patients were categorized based on their rivaroxaban 
plasma concentrations into three groups: Low (<50 ng/mL), medium (between 50 and 
200 ng/mL), and high (>200 ng/mL). Renal impairment was characterized as having 
an estimated glomerular filtration rate <60 mL/min/1.73 m². The analysis of the data 
consisted of Chi-square testing and multivariable logistic regression, with adjustments 
made for age, gender, baseline renal function, and treatment indication. Results: The 
incidence of renal impairment escalated with increasing rivaroxaban concentrations, 20%, 
40%, and 60% in low, medium, and high concentration groups, respectively. Statistical 
analysis revealed a significant association between rivaroxaban concentration and renal 
impairment (χ2=10.57, P=0.005). Patients with high concentrations had 2.8-fold higher 
odds of developing renal impairment compared to the low concentration group. Cox 
proportional hazards analysis showed a 2.2 times higher hazard of renal impairment in 
high versus low concentration groups over 18 months. Conclusion: Higher trough plasma 
concentrations of rivaroxaban are associated with an increased risk of renal impairment 
in elderly patients. This finding highlights the importance of monitoring rivaroxaban levels 
to mitigate renal risks.
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Renal impairment is a significant concern as it can exacerbate 
the risks associated with anticoagulation, including the risk 
of  bleeding.5 This concern is particularly acute in the elderly 
population, where renal function tends to decline with age.6,7 
Rivaroxaban is one of  the non-Vitamin K antagonist oral 
anticoagulants (NOACs) that has been shown to be related 
with an elevated risk of  poor renal outcomes, according 
to investigations that were conducted in the past.8,9 Given 
these risks, understanding the pharmacokinetic behavior 
of  rivaroxaban and its association with renal impairment is 
crucial for optimizing patient safety and treatment efficacy.

Aims and objectives
The primary aim of  this study is to investigate the 
relationship between rivaroxaban plasma concentrations 
and the incidence of  renal impairment in elderly patients.

Determine if  higher rivaroxaban levels correlate with 
increased rates of  renal impairment. Assess the impact 
of  demographic and clinical characteristics, such as age, 
gender, and baseline kidney function, on renal outcomes. 
Quantify the risk of  renal impairment associated with 
different rivaroxaban concentrations using logistic 
regression and Cox proportional hazards analysis. Provide 
evidence-based recommendations for safer prescribing 
practices of  rivaroxaban in elderly populations at risk of  
renal dysfunction.

MATERIALS AND METHODS

Study design and setting
This retrospective observational study was carried out 
at Andhra Medical College in Visakhapatnam, from 
September 2022 to August 2023. It aimed to assess the 
effects of  various plasma concentrations of  rivaroxaban 
on the occurrence of  renal impairment in elderly patients.

Inclusion criteria
The following criteria were included in the study:

Age between 65 and 89 years. Patients were currently 
prescribed rivaroxaban during the study period. Ongoing 
treatment with rivaroxaban for either: Atrial fibrillation or 
prevention of  venous thromboembolism.

Exclusion criteria
The following criteria were excluded from the study:

Patients younger than 65 or older than 89 years. Patients not 
currently receiving rivaroxaban treatment. Presence of  end-
stage renal disease or dialysis, which could independently 
affect renal function and the pharmacokinetics of  
rivaroxaban. Significant liver disease is defined as hepatic 
impairment that is severe enough to have potential 

impacts on drug metabolism and excretion. History of  
allergic reactions or hypersensitivity to rivaroxaban or any 
of  its components. Patients receiving other concurrent 
anticoagulation therapy, which could confound the effects 
of  rivaroxaban. Participation in any other clinical trials 
during the study period that might influence the outcome 
measures of  this study.

Data collection
Patient data were gathered from medical records, which 
encompassed demographic details, clinical features, 
baseline renal function measured by estimated glomerular 
filtration rate (eGFR), and trough plasma concentrations 
of  rivaroxaban. Renal function was evaluated using eGFR, 
with values classified into three categories: <90, between 
60 and 89, and <60 mL/min/1.73 m².

Categorization of rivaroxaban concentration
Patients were categorized into three groups based on 
their rivaroxaban trough plasma concentrations:10 Low 
(<50 ng/mL), medium (50–200 ng/mL), and high 
(>200 ng/mL).

Outcome measures
The primary outcome was the incidence of  renal impairment, 
defined as an eGFR below 60 mL/min/1.73 m² during the 
study period.

Statistical analysis
Chi-square tests were used to investigate the relationship 
between rivaroxaban concentration levels and renal 
impairment. For the purpose of  adjusting for potential 
confounding factors, such as age, gender, baseline kidney 
function, and indication for rivaroxaban administration, 
multivariable logistic regression statistical analysis was 
utilized. Furthermore, a Cox proportional hazards analysis 
was carried out to evaluate the risk across time, taking 
into consideration the time-dependent covariates under 
consideration.

Ethical considerations
The study was approved by the Institutional Ethics 
Committee (IEC/AMC/2022/14), Andhra Medical 
College, Visakhapatnam. To maintain patient anonymity, 
all of  the patient data were anonymized.

RESULTS

Study population
The study evaluated 100 elderly patients who were 
prescribed rivaroxaban. The mean age of  participants was 
72.5 years (SD±7.2), ranging from 65 to 89 years. The 
cohort comprised 52% male (52 patients) and 48% female 
(48 patients) (Table 1). Clinical characteristics indicated 
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that 60% (60 patients) were treated for atrial fibrillation 
and 40% (40 patients) for the prevention of  venous 
thromboembolism. Baseline kidney function measured by 
eGFR was distributed as follows: >90 mL/min/1.73 m2 
in 20% of  patients, 60–89 mL/min/1.73 m2 in 55%, and 
<60 mL/min/1.73 m2 in 25% (Table 2).

Rivaroxaban concentration and renal impairment
Patients were categorized based on trough plasma 
concentrations of  rivaroxaban into low (<50 ng/mL), 
medium (50–200 ng/mL), and high (>200 ng/mL) 
concentration groups. These groups comprised 30%, 45%, 
and 25% of  the cohort, respectively (Table 3 and Figure 1). 
Renal impairment during the study was defined as an 
eGFR below 60 mL/min/1.73 m2. The incidence of  
renal impairment increased with higher rivaroxaban 
concentrations: 20% in the low, 40% in the medium, and 
60% in the high concentration groups, with corresponding 
confidence intervals of  7.8–38.1%, 26.2–55.3%, and 
39.1–78.4%, respectively (Table 4 and Figure 2).

Statistical analysis
A Chi-square test revealed a significant association between 
rivaroxaban concentration levels and the incidence of  
renal impairment (χ²=10.57, df=2, P=0.005), indicating 
an increased risk with higher concentrations (Table 5). 
Multivariable logistic regression analysis, adjusted for 
age, gender, baseline kidney function, and rivaroxaban 
indication, demonstrated that patients in the high 
concentration group had an odds ratio (OR) of  2.8 (95% 
CI: 1.3–6.0, P=0.009) for developing renal impairment 
compared to those in the low concentration group. The 
medium versus low concentration comparison yielded an 
OR of  1.9 (95% CI: 0.8–4.5, P=0.15).

Cox proportional hazards analysis
The Cox proportional hazards model, accounting for 
time-dependent covariates, showed that the hazard of  
developing renal impairment was 2.2 times higher in 
patients with high versus low rivaroxaban concentrations 
over a median follow-up period of  18 months (HR: 2.2, 
95% CI: 1.1–4.3, P=0.024) (Table 6).

DISCUSSION

The findings of  the study underscore a dose-dependent 
relationship between rivaroxaban plasma concentrations 
and the incidence of  renal impairment in elderly patients. 
This correlation holds even after adjusting for potential 
confounders such as age, gender, baseline renal function, 
and indication for rivaroxaban use. Analysis using 
Chi-square and logistic regression reveals a statistically 
significant increase in the likelihood of  renal impairment 
with higher doses of  rivaroxaban, which is consistent with 

Table 2: Clinical characteristics of study population
Characteristic Total (n=100) (%)
Indication for rivaroxaban use

Atrial fibrillation 60 (60)
Venous thromboembolism prevention 40 (40)

Baseline eGFR (mL/min/1.73 m2)
>90 20 (20)
60–89 55 (55)
<60 25 (25)

eGFR: Estimated glomerular filtration rate

Table 3: Rivaroxaban concentration levels
Concentration 
level

Plasma concentration 
(ng/mL)

Patients (n) (%)

Low <50 30 (30)
Medium 50–200 45 (45)
High >200 25 (25)

Table 1: Demographic characteristics of study 
population
Characteristic Total (n=100) (%)
Age (years)

Mean (SD) 72.5 (±7.2)
Range 65–89

Gender
Male 52 (52)
Female 48 (48)

SD: Standard deviation

Figure 1: Rivaroxaban plasma concentration levels

Table 4: Incidence of renal impairment by 
rivaroxaban concentration
Concentration 
level

Patients 
with renal 

impairment

Percentage 95% 
confidence 
interval (%)

Low 6 20 7.8–38.1
Medium 18 40 26.2–55.3
High 15 60 39.1–78.4

existing literature suggesting adverse renal outcomes may 
be linked to higher doses of  NOACs.11,12 In addition, the 
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Cox proportional hazards model employed in our study 
further supports the hypothesis that prolonged exposure to 
higher drug concentrations exacerbates renal vulnerability.

Comparative studies have also indicated a general risk of  
renal complications associated with NOACs, although 
many did not specify risk levels according to different 
drug concentrations. By demonstrating a concentration-
dependent risk, our study adds precise data that could help 
shape more targeted dosing guidelines and monitoring 
protocols, enhancing patient safety. These findings align 
with those presented by Ravenstijn et al.,13 Sin et al.,14 Byon 
et al.,15 and De Vriese et al.,16 which also discussed the 
renal risks associated with rivaroxaban in specific patient 
populations.

Clinical implications
The data underscores the necessity for careful rivaroxaban 
dosing, particularly in elderly patients who are more 
susceptible to renal impairment due to age-related 
physiological changes. This study advocates for the 
potential advantages of  periodic monitoring of  rivaroxaban 
plasma levels, which could enable clinicians to tailor doses 
more effectively and minimize renal risks. Implementing 

such monitoring could help balance the benefits of  
anticoagulation with the associated renal risks, leading to 
better overall patient outcomes.

Limitations of the study
The retrospective nature of  this study limits our ability 
to definitively establish causality between rivaroxaban 
concentrations and renal outcomes. Moreover, the sample 
size, while sufficient for initial analysis, may not fully 
represent the variability and potential outliers that could 
be encountered in a broader patient population. These 
limitations suggest the need for a cautious interpretation 
of  the results.

CONCLUSION

This study highlights a significant correlation between 
higher trough plasma concentrations of  rivaroxaban 
and increased rates of  renal impairment among elderly 
patients. Demonstrated through robust statistical analyses, 
the findings reveal a dose-dependent risk, reinforcing 
the need for cautious rivaroxaban dosing in the elderly. 
The study advocates for the implementation of  periodic 
monitoring of  rivaroxaban plasma levels to tailor dosing 
and reduce renal risk. While highlighting the benefits of  
proactive monitoring, the findings call for further research 
to refine treatment protocols, ensuring the balance between 
anticoagulation efficacy and renal safety in this vulnerable 
population.

ACKNOWLEDGMENT

The authors are thankful to the staff  of  the general 
medicine department for their continuous support during 
the entire study period.

REFERENCES

1. Coleman CI, Kreutz R, Sood N, Bunz TJ, Meinecke AK, 
Eriksson D, et al. Rivaroxaban’s impact on renal decline in 
patients with nonvalvular atrial fibrillation: A US MarketScan 
claims database analysis. Clin Appl Thromb Hemost. 
2019;25:1076029619868535.

 https://doi.org/10.1177/1076029619868535
2. Song ZK, Cao H, Wu H, Wei Q, Tang M, Yang S, et al. Current 

status of rivaroxaban in elderly patients with pulmonary 
embolism (review). Exp Ther Med. 2020;19(4):2817-2825.

Table 6: Model results from Cox proportional 
hazards analysis
Variable Hazard ratio 95% CI P-value
High versus low 
concentration

2.2 1.1–4.3 0.024

CI: Confidence intervals

Table 5: Statistical analysis results
Analysis type Comparison Result 95% CI P-value
Chi-square test Association of concentration and renal impairment χ²=10.57 df=2 0.005
Logistic regression High versus low concentration OR=2.8 1.3–6.0 0.009
Logistic regression Medium versus low concentration OR=1.9 0.8–4.5 0.15

OR: Odds ratio, CI: Confidence intervals

Figure 2: Incidence of renal impairment by rivaroxaban concentration



Rani, et al.: Assessing the link between rivaroxaban concentration and the onset of renal impairment in elderly patients

Asian Journal of Medical Sciences | Jun 2024 | Vol 15 | Issue 6 123

 https://doi.org/10.3892/etm.2020.8559
3. Kim SS, Lee KH, Yoon NS, Park HW and Cho JG. What is 

standard dose of rivaroxaban in elderly Asian patients with atrial 
fibrillation: 20ms versus. 15mg? Clin Appl Thromb Hemost. 
2021;27:10760296211061148.

 https://doi.org/10.1177/10760296211061148
4. Gosselin RC, Adcock DM, Bates SM, Douxfils J, Favaloro EJ, 

Gouin-Thibault I, et al. International council for standardization 
in haematology (ICSH) recommendations for laboratory 
measurement of direct oral anticoagulants. Thromb Haemost. 
2018;118(3):437-450.

 https://doi.org/10.1055/s-0038-1627480
5. Ablefoni K, Buchholz A, Ueberham L, Hilbert S, Dagres N, 

Husser D, et al. Initial rivaroxaban dosing in patients with atrial 
fibrillation. Clin Cardiol. 2019;42(10):873-880.

 https://doi.org/10.1002/clc.23235
6. Ashton V, Kerolus-Georgi S and Moore KT. The pharmacology, 

efficacy, and safety of rivaroxaban in renally impaired patient 
populations. J Clin Pharmacol. 2021;61(8):1010-1026.

 https://doi.org/10.1002/jcph.1838
7. Ray WA, Chung CP, Stein CM, Smalley W, Zimmerman E, 

Dupont WD, et al. Association of rivaroxaban vs apixaban with 
major ischemic or hemorrhagic events in patients with atrial 
fibrillation. JAMA. 2021;326(23):2395-2404.

 https://doi.org/10.1001/jama.2021.21222
8. Jain N and Reilly RF. Clinical pharmacology of oral 

anticoagulants in patients with kidney disease. Clin J Am Soc 
Nephrol. 2019;14(2):278-287.

 https://doi.org/10.2215/CJN.02170218. Erratum in: Clin J Am 
Soc Nephrol. 2019;14(5):750.

9. Chen A, Stecker E and Warden BA. Direct oral anticoagulant 
use: A practical guide to common clinical challenges. J Am Heart 
Assoc. 2020;9(13):e017559.

 https://doi.org/10.1161/JAHA.120.017559
10. Lessire S, Douxfils J, Pochet L, Dincq AS, Larock AS, Gourdin M, 

et al. Estimation of rivaroxaban plasma concentrations in the 
perioperative setting in patients with or without heparin bridging. 
Clin Appl Thromb Hemost. 2018;24(1):129-138.

 https://doi.org/10.1177/1076029616675968
11. Mavrakanas TA, Charytan DM and Winkelmayer WC. Direct oral 

anticoagulants in chronic kidney disease: An update. Curr Opin 
Nephrol Hypertens. 2020;29(5):489-496.

 https://doi.org/10.1097/MNH.0000000000000634
12. Emanuel S, Kaba RA, Delanerolle G, Field BC, Lip GY and 

De Lusignan S. Correct dosing, adherence and persistence 
of DOACs in atrial fibrillation and chronic kidney disease: 
A systematic review and meta-analysis. Open Heart. 
2023;10(2):e002340.

 https://doi.org/10.1136/openhrt-2023-002340
13. Ravenstijn P, Chetty M and Manchandani P. Design and conduct 

considerations for studies in patients with impaired renal 
function. Clin Transl Sci. 2021;14(5):1689-1704.

 https://doi.org/10.1111/cts.13061
14. Sin CF, Wong KP, Wong HM, Siu CW and Yap DY. Plasma 

rivaroxaban level in patients with early stages of chronic kidney 
disease-relationships with renal function and clinical events. 
Front Pharmacol. 2022;13:888660.

 https://doi.org/10.3389/fphar.2022.888660
15. Byon W, Garonzik S, Boyd RA and Frost CE. Apixaban: 

A clinical pharmacokinetic and pharmacodynamic review. Clin 
Pharmacokinet. 2019;58(10):1265-1279.

 https://doi.org/10.1007/s40262-019-00775-z
16. De Vriese AS, Caluwé R, Bailleul E, De Bacquer D, Borrey D, Van 

Vlem B, et al. Dose-finding study of rivaroxaban in hemodialysis 
patients. Am J Kidney Dis. 2015;66(1):91-98.

 https://doi.org/10.1053/j.ajkd.2015.01.022

Authors Contribution:
MUR- Concept and design of the study, results interpretation, review of the literature, and preparing the first draft of the manuscript. Statistical analysis and 
interpretation, revision of the manuscript. CK- Concept and design of the study, results interpretation, review of the literature, preparing the first draft of the 
manuscript, and revision of the manuscript. PSN- Concept and design of the study, results interpretation, review of the literature, and preparing the first draft of 
the manuscript.

Work attributed to: 
Andhra Medical College, Visakhapatnam, Andhra Pradesh, India.

Orcid ID:
Dr. Motakatla Usha Rani -  https://orcid.org/0009-0009-6424-2053
Dr. Chitra Karuppiah K -  https://orcid.org/0009-0008-7939-1847
Dr. Penupothu Sree Nagamani -  https://orcid.org/0009-0000-6968-1594

Source of Support: Nil, Conflicts of Interest: None declared.

https://orcid.org/0009-0009-6424-2053
https://orcid.org/0009-0009-6424-2053
https://orcid.org/0009-0008-7939-1847
https://orcid.org/0009-0008-7939-1847
https://orcid.org/0009-0000-6968-1594
https://orcid.org/0009-0000-6968-1594

