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Abstract

Warfarin has been associated with renovascular calcification and worsening renal function, whereas rivaroxaban may provide a
degree of renopreservation by decreasing vascular inflammation. We sought to compare rivaroxaban and warfarin’s impact on
renal decline in patients with nonvalvular atrial fibrillation (NVAF) treated in routine practice. Using US MarketScan claims data
from January 2012 to December 2017, we identified patients with NVAF newly initiated on rivaroxaban or warfarin with
>12 months of continuous insurance coverage prior to initiation. Patients with stage 5 chronic kidney disease (CKD) or receiving
hemodialysis at baseline were excluded. Outcomes included rates (events/|100 person-years) of hospital or emergency depart-
ment admission for acute kidney injury (AKI) or progression to stage 5 CKD or need for hemodialysis. Differences in baseline
covariates between cohorts were adjusted using inverse probability-of-treatment weights based on propensity scores (absolute
standardized differences <0.| achieved for all covariates after adjustment). Patients were followed until an event, anticoagulant
discontinuation/switch, insurance disenrollment, or end of data availability. Hazard ratios with 95% confidence intervals (Cls)
were estimated using Cox regression. We assessed 36 318 rivaroxaban (19.8% received a dose <20 mg/d) and 36 281 warfarin
users. Stages 3 and 4 CKD were present in 5% and 1% of patients at baseline, and proteinuria was present in 2%. Rivaroxaban was
associated with a 19% (95% Cl = 13%-25%) reduction in the hazard of AKI (rates = 4.91 vs 8.45) and an 18% (95% Cl = 9%-26%)
reduction in progression to stage 5 CKD or hemodialysis (rates = 2.67 vs 4.12). Rivaroxaban appears associated with lower
hazards of undesirable renal end points versus warfarin in patients with NVAF.
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with renovascular calcification and postulated to accelerate the
worsening of renal function (a phenomenon often referred to as
“warfarin-related nephropathy”),” many NOACs are thought to
provide a degree of renopreservation by decreasing protease-
activated receptor (PAR)-mediated vascular inflammation.’

In the present study, we sought to compare rivaroxaban and
warfarin’s impact on the development of acute kidney injury
(AKI) and the composite end point of progression to stage 5
chronic kidney disease (CKD) or the need for hemodialysis in
patients with NVAF managed in routine practice.

Materials and Methods

We performed a retrospective claims analysis using US Truven
MarketScan data from January 2012 through December 2017.
Truven MarketScan combines 2 separate databases, a commer-
cial and a Medicare supplemental database, to cover all age-
groups and contains claims from 260 contributing employers,
40 health plans, and government and public organizations rep-
resenting ~ 240 million lives.'"® Truven MarketScan captures
enrollment records, demographics, International Classification
of Diseases, Ninth and Tenth Revision (ICD-9 and ICD-10)
diagnosis codes, procedure codes, admission and discharge
dates, outpatient medical services data, and prescription dispen-
sing records. All Truven MarketScan data were deidentified and
are thus in compliance with the Health Insurance Portability
and Accountability Act of 1996 to preserve patient anonymity
and confidentiality. Further, this study was determined by our
institutional review board to not constitute research involving
humans according to 45 US Code of Federal Regulations
46.102(f) and was deemed exempt from board oversight.

This analysis included adult patients who were oral antic-
oagulant naive during the 12 months before the day of the first
qualifying rivaroxaban or warfarin dispensing (index date) and
had >2 inpatient or outpatient /CD codes in any position for AF
without codes suggesting valvular disease. Patients with stage 5
CKD or receiving hemodialysis during the baseline period
were excluded as were patients with alternate indications for
full-dose anticoagulation.

Differences in baseline characteristics between the rivaroxa-
ban and warfarin cohorts were adjusted for using inverse
probability of treatment weighting based on propensity scores.'!
Propensity scores (and patient weights) were estimated using
generalized boosted models based on 10 000 regression trees
using the “TWANG” package (version 1.5) and R statistical
software (version 3.4.3, The R Project for Statistical Computing)
which implements an automated, nonparametric machine learn-
ing method.'? The weights were derived to obtain estimates of
the population average treatment effect. Variables entered into
the generalized boosted modeling procedure including demo-
graphics, comorbidities (including the Elixhauser comorbidity
index),'® components of the CHA2DS2-VASc and modified
HAS-BLED scores),'*'> and concurrent nonoral anticoagulant
medications are provided in the Supplemental Appendix,
eTables 1-3, and were identified during the 12-month baseline
period. The presence of residual differences in measured

covariates following cohort weighting was assessed by calculat-
ing absolute standardized differences (a difference <0.1 was
considered well balanced for each variable)."'

The primary end points of this study were the incidence
(events per 100 person-years of follow-up) of hospital or emer-
gency department admission for AKI (>1 appropriate /CD
diagnosis in the primary or non-primary position during a hos-
pitalization or emergency department visit)'® and the compo-
site of progression to stage 5 CKD or need for hemodialysis
(>1 appropriate inpatient or outpatient /CD diagnosis or pro-
cedure code in the primary or non-primary position). Second-
ary end points assessed in this study included traditional NVAF
end points including the composite of stroke or systemic embo-
lism (SSE) including ischemic stroke, intracranial hemorrhage,
or SSE (each defined by an appropriate inpatient discharge
diagnosis code in the primary position). Major bleeding rates
were assessed using the validated Cunningham algorithm for
detection of bleeding-related hospitalizations.'” Patients were
followed until end point occurrence, index oral anticoagulation
discontinuation or switch (assuming a 30 day permissible gap),
insurance plan disenrollment, or end of claims data availability.

Baseline characteristics were analyzed using descriptive sta-
tistics. Categorical data were reported as percentages and con-
tinuous data as medians with accompanying 25%, 75% ranges.
The incidence rate of each end point of interest was reported as
events per 100 person-years. A Cox proportional hazards
regression model was fit to compare event rates over time for
the weighted rivaroxaban and warfarin cohorts. Since some
patients were assigned very low or high weights, we recali-
brated their weights by resetting those below or above the 1st
and 99th percentile to the corresponding percentile threshold
values.'! This recalibration was conducted prior to performing
the weighted regression analyses. Cox proportional hazards
regression was performed using the “SURVEY” package (ver-
sion 3.34) in R, and since all baseline variables had an absolute
standardized difference <0.1 after IPTW, the only independent
variable entered into Cox regression was the indicator of index
oral anticoagulation used. A level of significance of P < .05
was prespecified as being significant, unless otherwise noted.
The proportional hazard assumption was tested based on
Schoenfeld residuals and was found valid for all end points.

We performed subgroup analyses on the basis of age
(<70 years or >70 years), use of angiotensin-converting
enzyme inhibitors (ACEIs) or angiotensin receptor blockers
(ARBEs) at baseline, and those with a CHA2DS2-VASc score
of 0-1 (low-risk), 2-3 (moderate-risk) and >4 (high-risk). The
IPTW process was repeated for each of the subgroup analyses.
The presence of a statistical interaction across subgroups was
tested using the methods described by Altman and Bland.'® To
reduce the chances of obtaining false-positive results (type I
error) as a result of our multiple hypothesis testing/subgroup
analyses, we utilized a Bonferroni-corrected P value of <.01 to
suggest a statistically significant subgroup interaction for the
AKI and composite of progression to stage 5 CKD or need for
hemodialysis endpoints.'’
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Table I. Baseline Characteristics of Included Patients Before and After Inverse Probability of Treatment Weighting.
Before IPTW After IPTW
Absolute Absolute
Rivaroxaban, Woarfarin, Standardized Rivaroxaban, Woarfarin, Standardized
N =36318 % N =236281,% Difference N =36318, % N =36281,% Difference
Demographics
Age, years
18-49 7.5 3.7 0.16 5.7 5.4 0.01
50-64 40.7 28.0 0.27 348 34.1 0.02
65-74 228 22.7 0.00 22.7 22.8 0.00
75-79 1.6 14.9 0.10 13.6 134 0.01
>80 17.4 30.6 0.31 232 243 0.03
Male sex 63.6 59.4 0.09 61.6 61.0 0.01
Past medical history
Acute decompensate heart failure |.4 2.9 0.10 22 22 0.00
Acute kidney injury 5.6 8.4 0.11 6.8 7.0 0.01
Anal fistula 0.2 0.2 0.01 0.2 0.2 0.01
Anemia 10.4 14.8 0.13 12.5 12.8 0.01
Anxiety 9.0 7.6 0.05 85 83 0.01
Asthma 7.1 6.1 0.04 6.7 6.6 0.01
Barrett’s esophagus 1.2 1.0 0.02 1.1 1.1 0.00
Gastrointestinal bleeding 0.8 1.2 0.04 1.0 1.0 0.01
Genital urinary bleeding 0.1 0.1 0.0l 0.1 0.1 0.0l
Intracranial hemorrhage 0.1 0.1 0.02 0.1 0.1 0.00
Ischemic stroke 5.1 9.1 0.15 7.0 72 0.01
Coronary artery bypass grafting 7.3 10.7 0.12 9.1 9.2 0.0l
Cancer 10.4 12.0 0.05 1.0 1.2 0.01
Carotid stenosis 6.1 82 0.08 7.3 72 0.00
Chronic kidney disease
Stage 3 37 6.3 0.12 4.9 5.1 0.01
Stage 4 0.5 1.8 0.13 1.0 1.2 0.02
Chronic obstructive pulmonary disease 1.0 14.8 0.11 12.7 13.1 0.0l
Coronary artery disease 2.7 3.7 0.06 32 33 0.0l
Coagulopathy 24 4.3 0.11 33 34 0.01
Crohn disease 0.8 1.2 0.04 1.0 1.1 0.01
Dementia 37 6.0 0.10 4.8 4.9 0.01
Depression 82 89 0.03 85 8.6 0.01
Diverticulitis 7.1 6.9 0.01 7.1 7.0 0.01
Type | diabetes 5.6 7.8 0.09 6.6 6.8 0.01
Type 2 diabetes 274 320 0.10 29.2 29.7 0.01
Ethanol abuse 2.1 1.7 0.03 2.0 1.8 0.01
Falls 5.4 49 0.02 5.2 5.3 0.00
Gastroesophageal reflux disease 13.4 1.4 0.06 12.5 12.2 0.0l
Hemorrhoids 38 3.6 0.02 37 37 0.00
Heart failure 19.6 27.5 0.19 23.1 237 0.01
Hypertension 73.6 74.1 0.0l 74.1 74.0 0.00
Hypothyroidism 14.2 14.4 0.01 14.6 14.3 0.01
Joint pain or stiffness 34.0 348 0.02 35.0 34.8 0.00
Liver dysfunction 37 35 0.0l 3.6 37 0.01
Myocardial infarction 53 83 0.12 6.7 6.8 0.01
Osteoarthritis 21.1 21.8 0.02 223 22.0 0.01
Obesity 18.2 132 0.14 15.7 15.5 0.01
Other kidney disease 0.1 0.2 0.03 0.1 0.2 0.01
Proteinuria 20 2.1 0.0l 2.0 2.1 0.01
Peripheral artery disease 5.8 8.1 0.09 6.8 7.1 0.0l
Percutaneous coronary intervention 29 33 0.02 32 3.1 0.00
Psychosis 23 34 0.06 2.6 29 0.01
Rheumatoid arthritis 15.8 15.5 0.01 16.1 15.8 0.01
Sleep apnea 16.7 13.1 0.10 15.1 14.8 0.0l

(continued)
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Table I. (continued)

Before IPTW After IPTW
Absolute Absolute
Rivaroxaban, Warfarin, Standardized  Rivaroxaban, Warfarin, Standardized
N=36318 % N=236281,% Difference N =36318,% N =36281,% Difference
Smoker 6.2 5.5 0.03 5.9 6.0 0.00
Ulcerative colitis 0.5 0.6 0.01 0.6 0.6 0.00
Upper gastrointestinal testing 52 5.7 0.02 5.5 5.5 0.00
Medications
Alpha-glucosidase inhibitors 0.1 0.1 0.02 0.1 0.1 0.0l
Amiodarone 43 4.2 0.00 44 43 0.00
ACE-| or ARB 52.8 53.1 0.01 53.1 53.1 0.00
Aspirin 1.8 1.6 0.02 1.7 1.7 0.00
Beta-blockers 56.3 54.4 0.04 55.6 55.3 0.01
Cyclooxygenase-2 inhibitors 29 2.8 0.0l 29 29 0.00
Dihydropyridine calcium channel blockers 22.1 233 0.03 228 229 0.00
Digoxin 5.5 6.9 0.06 6.1 6.3 0.01
Diltiazem 12.3 11.0 0.04 1.9 1.6 0.0l
Dipeptidyl peptidase-4 inhibitors 3.0 3.1 0.00 32 3.0 0.01
Dronedarone 2.6 1.5 0.08 2.1 2.1 0.00
Glucagon-like peptide-1 analogues 1.4 1.0 0.04 1.3 1.2 0.01
Histamine-2 receptor antagonists 3.6 4.0 0.02 3.8 39 0.0l
Helicobacter pylori treatment 0.4 0.5 0.01 0.5 0.5 0.0l
Hypnotics 6.3 58 0.02 6.2 6.1 0.0l
Insulin 5.3 6.9 0.07 6.0 6.2 0.01
Loop diuretics 14.2 20.7 0.17 17.2 17.7 0.0l
Metformin 15.2 14.8 0.01 15.1 14.9 0.01
Nonsteroidal anti-inflammatory drugs 204 16.9 0.09 18.9 18.6 0.01
Other anti-arrhythmic agents 1.4 7.0 0.15 94 9.2 0.0l
Other lipid drugs 9.1 9.0 0.00 9.3 9.0 0.01
Other antidepressants 7.0 7.5 0.02 72 74 0.01
P2Y 12 platelet inhibitors 9.7 11.0 0.05 10.5 10.5 0.00
Proton pump inhibitors 22.7 22.0 0.02 22.6 224 0.00
Sodium-glucose cotransporter-2 Inhibitors 0.6 0.2 0.07 04 04 0.0l
SSRI or SNRI 13.5 13.6 0.00 13.6 13.6 0.00
Statins 494 50.8 0.03 50.1 50.1 0.00
Sulfonylureas or glinides 7.3 9.7 0.09 83 8.6 0.01
Systemic corticosteroids 20.7 18.8 0.05 20.0 19.8 0.0l
Thiazides 27.7 27.8 0.00 27.7 27.7 0.00
Thiazolidinediones 1.9 25 0.05 22 22 0.00
Warfarin inhibitors 64.4 63.2 0.03 64.1 64.0 0.00
Warfarin inducers 27.1 27.1 0.00 27.3 274 0.00
Verapamil 2.0 2.1 0.01 0.02 0.02 0.00

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,

selective serotonin reuptake inhibitor

The report for this analysis was written in order to comply
with the Reporting of Studies Conducted using Observational
Routinely-Collected Health Data (RECORD) statement.*°

Results

In total, we identified 36 318 rivaroxaban (19.8% received a
reduced dose) and 36 281 warfarin users eligible for study inclu-
sion (Supplemental Materials, eFigure 1). Baseline covariates
were well balanced after IPTW (absolute standardized differ-
ences <0.1 for all covariates; Table 1). Median (25%, 75%
range) age was 69 (60, 79) years, CHA2DS2-VASc score was

3 (2, 4), duration on-index oral anticoagulant was 141 (54, 355)
days, rivaroxaban: 160 (56, 404) days and warfarin: 125 (52,
308) days, and duration of available patient follow-up was 1.8
(0.8, 3.3) years, rivaroxaban: 1.7 (0.7, 3.1) years and warfarin:
1.8 (0.8, 3.4) years. Stages 3 and 4 CKD were present in 5% and
1% of patients at baseline and proteinuria was present in 2%.

Upon Cox regression analysis, rivaroxaban was associated
with a 19% (95% confidence interval [CI] = 13%-25%) reduc-
tion in the hazard of AKI and an 18% (95% CI = 9%-26%)
reduction in progression to stage 5 CKD or hemodialysis com-
pared to warfarin (Figure 1, Supplemental Materials, eFigures
2 and 3).
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Event Rate
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Figure 1. Incidence and hazard ratios for the comparison of rivaroxaban and warfarin for renal end points. CKD indicates chronic kidney

disease; Cl, confidence interval; HR, hazard ratio.

Event Rate
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Rivaroxaban Warfarin
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Figure 2. Incidence and hazard ratios for the comparison of rivaroxaban and warfarin on secondary endpoints. Cl indicates confidence interval;

HR, hazard ratio.

Rivaroxaban was also associated with significant reductions
in SSE (hazard ratio [HR] = 0.67) as well as ischemic (HR =
0.67) and intracranial hemorrhage (HR = 0.58) alone. Overall,
no significant difference in Cunningham major bleeding was
observed between rivaroxaban and warfarin users (HR = 0.98;
Figure 2).

Subgroup Analyses

The results for AKI and progression to stage 5 CKD or hemodia-
lysis showed associations that were consistent with the base-case

analyses (no statistical interactions were observed, Pjyeraction =
0.11 for all subgroup analyses) in patients <70 or >70 years of
age; in patients with prior ACEI/ARB use and in those without;
and according to baseline CHA2DS2-VASc score (Figure 3).

Discussion

In this large US claims database analysis evaluating patients
having NVAF without stage 5 CKD or receiving dialysis at
baseline, rivaroxaban use was associated with significantly
lower risks of undesirable renal end points versus warfarin.
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Figure 3. Results of subgroup analyses. ACEI indicates angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin
receptor blocker; CKD, chronic kidney disease; Cl, confidence interval; HR, hazard ratio.

This included a 19% relative reduction in the hazard of devel-
oping AKI (absolute risk of 2.1%) and an 18% reduction in the
progression to stage 5 CKD or need for dialysis (absolute risk
of 0.9%). These findings were consistent across all identified
subgroups. Results of secondary end point analyses demon-
strated effectiveness and safety results that are generally con-
sistent with ROCKET AF* and earlier real-world analyses of
rivaroxaban versus warfarin in patients with NVAF.?! This
included significant reductions in SSE as well as ischemic and
intracranial hemorrhage in rivaroxaban compared to warfarin
users, without a difference in overall major bleeding risk
between the cohorts.

It has been shown that VKAs can decrease carboxylation of
the matrix Gla protein, an important vitamin K—dependent
inhibitor of medial and intimal vascular calcification.”** It is
also possible that oral factor Xa (FXa) inhibitors exert a reno-
preserving effect by decreasing PAR-mediated inflammation
by inhibition of FXa activity.” Thus, it is unclear whether the
more rapid rate of renal decline seen with VKAs compared to
NOACs®® is due to a detrimental effect of VKAs (eg, due to
promotion of vascular calcification), renoprervation effects of
NOAC:s, or some combination of both.

Renal outcomes of NOACs compared to warfarin have been
assessed through secondary analysis of phase III randomized
controlled trials®™® and in a prior claims database analysis.”> An
analysis of ROCKET AF data® found that while creatinine
clearance decreased in both rivaroxaban and warfarin patients
over 21 months of follow-up, the rate of decline was slower
with rivaroxaban compared to warfarin (—3.5 vs —4.3 mL/min,
P < .0001). A similar analysis of ARISITOTLE data’ also
found a decline in the estimated glomerular filtration rate
(eGFR) over 12 months with both apixaban and warfarin; how-
ever, in this analysis, the decline in eGFR was shown to be
more pronounced with apixaban than warfarin (—1.42 vs —0.92
mL/minute, P = .01). Yao and colleagues® performed an anal-
ysis of real-world data using the integrated US Optum Labs
claims database and electronic health record to assess the
impact of NOACs versus warfarin on the renal end points of
>30% decline in eGFR, doubling in serum creatinine, and
development of AKI or kidney failure (¢eGFR<15 mL, need for
dialysis or transplant). Among patients having NVAF with both
claims and available serum creatinine data, rivaroxaban was
found to be associated with significantly lower risk of 3 of the
4 renal outcomes assessed (HR range of 0.46-0.73) versus
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warfarin (not kidney failure, HR = 0.63, 95%CI = 0.35-1.15),
whereas apixaban did not significantly reduce the risk of any of
these outcomes (HR range of 0.80-1.02). Taken together, these
studies may suggest that not all oral FXa inhibitors are
renoprotective.

This study has limitations worth discussion. First, we did not
have access to serum creatinine values in the Truven Market-
Scan data set utilized for this study.'® Thus, we were unable to
assess end points such as >30% increase in eGFR or a doubling
in serum creatinine. While these are reasonable renal end points
to evaluate, they are surrogate in nature. To assess these serum
creatinine-based end points, Yao et al** had to limit inclusion to
the 13.5% of insurance enrollees with available laboratory val-
ues, likely decreasing the external validity of their study since
patients having NVAF with multiple serum creatinine levels
are those likely experiencing more severe renal decline. Sec-
ond, regardless of the sophistication of the methodology and
the number of covariates used in developing propensity scores,
residual confounding cannot be fully excluded due to the pos-
sibility of confounding from unobserved or unmeasured cov-
ariates.”* Of note, we implemented a machine learning method
that only requires the researcher to specify which pretreatment
covariates need be balanced between the treatment cohorts.
The TWANG algorithm,'? and not the researcher, then deter-
mines the most appropriate main effects, interactions, and
higher order terms that make up the optimal propensity score
model. Third, international normalized ratio (INR) data were
not available in our data set.'® Of note, prior studies suggest
that even in patients with mean INR values <2 or between 2.0
and 3.0, warfarin remained associated with detrimental renal
outcomes.”® Consequently, it is unlikely the availability of INR
data for adjustment in our analysis would have substantially
impacted our overall conclusions. Finally, data on out-of-
hospital mortality are not available in the Truven MarketScan
database, preventing us from evaluating the outcome of all-
cause or cardiovascular mortality.

Conclusion

Rivaroxaban appears associated with lower risks of AKI or
progression to stage 5 CKD or need for dialysis versus warfarin
in patients with NVAF. The ongoing multicenter FXa-
Inhibition in RENal Patients With Non-valvular Atrial Fibrilla-
tion—Observational Registry (XARENO)*’ will be able to
provide a more rigorous assessment of the impact of VKAs and
rivaroxaban on decline in in renal function, specifically, eGFR.
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