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Abstract

Background: Diabetes increases a patient’s risk of developing atrial fibrillation by 49%. Patients with nonvalvular
atrial fibrillation are at a fivefold increased risk of stroke and die more frequently from vascular causes. We sought to
evaluate the effectiveness and safety of rivaroxaban versus warfarin in nonvalvular atrial fibrillation patients with type
2 diabetes.

Methods: This was an analysis of Optum® De-Identified electronic health record data from 11/2010 to 12/2019. We
included adults with nonvalvular atrial fibrillation and type 2 diabetes, newly started on rivaroxaban or warfarin and
with > 12-months of prior electronic health record activity. Patients who were pregnant, had alternative indications
for oral anticoagulation or valvular heart disease were excluded. We evaluated the incidence rate (%/year) of develop-
ing the composite outcome of stroke/systemic embolism or vascular death and major or clinically relevant nonmajor
bleeding as well as each endpoint individually. Hazard ratios with 95% confidence intervals were calculated using
propensity score-overlap weighted proportional hazards regression.

Results: We included 32,078 rivaroxaban (31% initiated on 15 mg dose) and 83,97 Twarfarin users (time-in-therapeu-
tic range =47 £ 28%). Rivaroxaban was associated with a reduced risk of stroke/systemic embolism or vascular death
(3.79 vs. 4.19; hazard ratio=0.91, 95% confdience interval = 0.88-0.95), driven mostly by reductions in vascular death
(2.81 vs 3.18, hazard ratio =0.90, 95% confidence interval =0.86-0.95) and systemic embolism (0.13 vs. 0.16; hazard
ratio=0.82, 95% confidence interval = 0.66-1.02). Major/clinically relevant nonmajor bleeding was less frequent with
rivaroxaban versus warfarin (2.17 vs. 2.31; hazard ratio =0.94, 95% confidence interval = 0.89-0.99) due to decreased
critical organ bleeding (including intracranial hemorrhage) (0.35 vs. 0.54; hazard ratio=0.63, 95% confidence

interval =0.55-0.72).

Conclusions: In nonvalvular atrial fibrillation patients with type 2 diabetes, rivaroxaban was associated with an ~10%
relative reduction in vascular mortality and fewer bleeding-related hospitalizations versus warfarin.
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anticoagulant (DOAC), such as apixaban, dabigatran,
edoxaban or rivaroxaban, significantly decreases the risk
of clot formation and subsequent morbidity and mortal-
ity in NVAF populations.

Diabetes, including type 2 diabetes (T2D) increases
patients’ risk of developing NVAF by 49% [3, 4]. The
prevalence of atrial fibrillation in diabetes, including type
2 diabetes (T2D) is twofold compared to those without
diabetes. [1-3]. The presence of T2D in NVAF patients
increases their risk of both stroke/systemic embolism
(SSE) and vascular death compared with those without
diabetes [3—-6]. Data from randomized controlled trials
(RCTs) [7, 8] and administrative claims database analy-
ses [9] demonstrate rivaroxaban is at least as effective and
safe as warfarin in preventing SSE in patients with NVAF
and T2D. Similar analyses performed in electronic health
record (EHR) datasets, which provide more nuanced
clinical patient data, are scarce.

In this study, we sought to assess the incidence rates of
SSE/vascular death and major or clinically relevant non-
major (CRNM) bleeding complications in NVAF patients
with comorbid T2D receiving either rivaroxaban or
warfarin.

Methods

We performed a cohort analysis within the US Optum®
De-Identified EHR data set [10]. EHR data from Novem-
ber 1, 2010 through December 31, 2019 was utilized for
this study. Rivaroxaban was approved for NVAF in the
US in November 2011, and therefore, utilization of data
back to November 2010 was required to provide a full
12-month pre-index period for all patients. The Optum
EHR data set includes longitudinal patient-level medical
record data for 91+ million patients seen at 700+ hospi-
tals and 7000+ clinics across the US. This database con-
tains data on insured and uninsured patients of all ages
to provide a representative sample of US patients with
NVAE. It includes records of prescriptions and over-the-
counter medications (as prescribed or self-reported by
patients), laboratory results, vital signs, anthropomet-
rics, other clinical observations, diagnoses (ICD-9 and
ICD-10) and procedures codes (ICD-9, ICD-10, CPT-
4, HCPCS, Revenue codes). The use of the provided
Optum® De-Identified EHR data was determined by the
New England Institutional Review Board (IRB) to not
constitute research involving human subjects and was
therefore exempt from board oversight.

Adult patients (>18 years-of-age) with NVAF and
comorbid T2D, who were OAC-naive, newly-initiated on
rivaroxaban or warfarin after November 1, 2011 (defined
as the index date), active in the data set for at least
12-months prior to the index date (based on the “First
Month Active” field in the Optum data set) and with
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documented care in the EHR from at least one provider
in the 12-months prior to the index date were eligible
for study inclusion. Patients with valvular heart disease
(defined as any rheumatic heart disease, mitral stenosis
or mitral valve repair/replacement), any prior OAC use
per written prescription or patient self-report during the
12-month pre-index period, receiving rivaroxaban doses
other than 15 mg once daily or 20 mg once daily, had
venous thromboembolism as an alternative indication
for OAC use, underwent recent orthopedic knee or hip
replacement, or who were pregnant were excluded. Given
the high specificity (>98%) of billing codes for identifying
T2D, the presence of a code for T2D was considered suf-
ficient to indicate its presence regardless of hemoglobin
Alc value (which is also a treatment goal) [11]. Due to
the moderate sensitivity of billing codes for detecting
T2D (~60-70%) [11], patients without a billing code for
diabetes but with a hemoglobin Alc>6.5% and receiving
a non-insulin antihyperglycemic medication were also
considered to have T2D.

To adjust for potential confounding between the rivar-
oxaban and warfarin cohorts, we calculated propensity
scores based upon multivariable logistic regression [12]
which included commonly used variables and accepted
risk factors for differential OAC exposure identified
during the baseline period including demographics,
comorbidities, laboratory and vital signs and concurrent
outpatient co-medication use. Covariates included in the
propensity score model are denoted in Table 1. The pres-
ence of a comorbid disease diagnoses was determined
based upon billing codes and/or supporting labora-
tory/observation data. The absence of data suggesting a
comorbidity exists was assumed to represent the absence
of the disease (thus categorical covariates had no missing
data). When dependence on billing codes was required to
identify covariates, we utilized endorsed and/or validated
coding algorithms (e.g., Centers for Medicare and Medic-
aid Services Chronic Conditions Warehouse, Elixhauser
or Charlson comorbidity indices), whenever possible
[13-16]. For continuous laboratory and observation vari-
ables with < 25% values missing, data were imputed using
a multiple imputation approach based on a fully condi-
tional specification linear regression model with all other
available covariates and the outcomes of interest included
in the model [17]. Estimated propensity scores were sub-
sequently used to weight patients for analysis using an
overlap weighting approach [18, 19]. Overlap weight-
ing assigns weights to patients that are proportional to
their probability of belonging to the opposing treatment
cohort (i.e., rivaroxaban patients were weighted by the
probability of receiving warfarin (or 1—the propensity
score) and warfarin patients were weighted by the prob-
ability of receiving rivaroxaban (the propensity score).
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Table 1 Unweighted and weighted characteristics of included patients

Unweighted Propensity score overlap weighted

Rivaroxaban, % Warfarin,% ASD, % Rivaroxaban,% Warfarin,% ASD, %

N=32,078 N=83,971 N=32,078 N=83,971
Demographics
Age, years (mean =+ SD)? 70+10 73+10 300 71+10 71+10 0.0
Age 65-74 years 34.2 315 6.8 338 338 0.0
Age > 75 years 364 48.1 266 410 410 0.0
Female 399 40.8 2.1 405 405 0.0
White race, self-reported 85.6 86.8 56 86.4 86.4 0.0
Hospital frailty score, intermediate risk 373 390 4.0 38.1 38.1 0.0
Hospital frailty score, high risk 15.8 243 296 182 182 0.0
Hospitalizations in prior 12-months (mean =% SD) 098+1.84 122+£198 124 1.05+£1.83 1.05+£1.83 0.0
Medical history
Ablation 26 3.1 10.0 2.7 2.7 0.0
Active cancer 5.1 54 33 53 53 0.0
Active gastric or duodenal ulcer in prior 90-days 0.2 04 38 0.2 0.2 0.0
Acute coronary syndrome 104 13.2 14.9 1.2 11.2 0.0
Anxiety 15.0 14.2 35 14.8 14.8 0.0
Any bleeding in prior 90-days 30 50 293 35 35 0.0
Asthma 109 10.0 53 105 105 0.0
Hemoglobin Alc<7% 52.1 54.7 58 529 529 0.0
Hemoglobin ATc 7-8% 233 228 1.6 230 230 0.0
Hemoglobin A1c>8% 246 225 6.4 240 240 0.0
Body mass index 30-3 9.9 kg/m? 450 41.8 7.2 438 438 0.0
Body mass index > 40 kg/m? or body weight > 120 kg 263 227 10.8 25.1 251 0.0
Cardioversion 7.5 79 3.1 7.5 7.5 0.0
Carotid endarterectomy and/or stent 0.8 1.1 17.7 09 0.9 0.0
Chronic obstructive pulmonary disease 24.0 274 9.8 252 252 0.0
Coagulopathy 58 10.2 338 6.9 6.9 0.0
Crohns disease or ulcerative colitis 0.7 0.8 74 0.8 0.8 0.0
Chronic venous insufficiency 4.9 6.4 15.6 52 52 00
Dementia 49 7.2 22.6 5.7 5.7 0.0
Depression 17.1 179 3.1 174 174 0.0
Diverticular disease 6.5 7.1 52 6.7 6.7 0.0
eGFR 30-50 mL/min 9.5 139 23.7 1.2 1.2 0.0
eGFR<30 mL/min 33 13.6 84.3 4.6 4.6 0.0
Kidney transplant or dialysis 08 7.2 1248 12 1.2 0.0
Excessive alcohol consumption 0.8 0.8 0.0 0.8 0.8 0.0
Gastroesophageal reflux disease 253 257 1.2 255 255 0.0
Heart failure 336 458 283 373 373 0.0
Helicobacter pylori infection 0.3 0.3 0.0 03 03 0.0
Hemoglobin <13 g/dL in men or< 12 g/dL in women 40.5 57.6 38.1 458 458 0.0
(anemia)
Hypercoagulable state 0.5 0.8 26.1 0.6 0.6 0.0
Hyperlipidemia 82.7 80.6 7.7 82.2 82.2 0.0
Hypertension 913 90.2 7.2 90.8 90.8 0.0
Systolic blood pressure > 160 mmHg 39 35 6.2 37 37 0.0
Diastolic blood pressure > 100 mm Hg 50 30 293 4.1 4.1 0.0
Ischemic stroke 7.7 10.1 164 86 86 0.0
Ischemic stroke in prior 12 months 23 3.0 15.1 20 20 0.0

Liver dysfunction 56 73 15.6 6.0 6.0 0.0
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Table 1 (continued)

Unweighted Propensity score overlap weighted

Rivaroxaban, % Warfarin,% ASD, % Rivaroxaban,% Warfarin,% ASD, %

N=32,078 N=83,971 N=32,078 N=83,971
Major bleed 12 2.7 456 1.5 1.5 0.0
Major adverse limb events 6.4 9.8 255 73 73 0.0
Major surgery in prior 90-days 40.6 44.6 9.0 418 418 0.0
Osteo- or rheumatoid arthritis 233 223 3.1 232 232 0.0
Osteoporosis 6.7 82 12.0 7.3 73 0.0
Pneumonia 114 155 196 126 126 0.0
Psychosis 20 29 210 2.2 2.2 0.0
Proteinuria 38 39 1.5 38 38 0.0
Revascularization (CABG or PCl) 20.8 263 16.9 22.7 22.7 0.0
Sleep apnea 24.7 224 7.1 236 236 0.0
Smoker 13.8 11.5 11.5 13.0 13.0 0.0
Vascular disease (prior MI, PAD or aortic plaque) 268 33.1 16.6 28.7 28.7 0.0
Body weight <60 kg 37 52 19.6 4.2 4.2 0.0
Anti-hyperglycemic medications
Dipeptidyl peptidase-4 inhibitor 11.5 9.3 13.1 10.7 10.7 0.0
Glucagon-like peptide-1 analog 49 24 40.8 37 37 0.0
Insulin 29.2 36.6 185 31.0 310 0.0
Metformin 51.5 386 289 47.8 478 0.0
Sodium-glucose cotransporter-2 inhibitor 34 1.0 68.8 2.2 2.2 0.0
Sulfonylurea or glinide 259 28.1 6.2 268 268 0.0
Thiazolidinediones 4.5 36 12.8 4.2 4.2 0.0
Other medications
Amiodarone 11.8 154 17.0 13.1 13.1 0.0
ACE inhibitor or ARB 70.7 65.1 14.2 69.3 69.3 0.0
Alpha blocker 14.7 16.7 83 153 153 0.0
Aspirin 285 294 24 29.0 29.0 0.0
Barbiturate 1.2 1.2 0.0 1.3 1.3 0.0
Benzodiazepine 16.5 17.2 2.8 16.7 16.7 0.0
Beta blocker 73.2 74.0 23 733 73.3 0.0
Dihydropyridine calcium channel blocker 54 4.7 8.1 50 50 0.0
Digoxin 9.5 149 282 114 114 0.0
Diltiazem 20.0 17.7 83 19.3 19.3 0.0
Dronedarone 1.9 1.1 30.6 1.6 1.6 0.0
Estrogen 1.6 12 16.1 14 14 0.0
Histamine-2 receptor antagonist 9.3 11.0 103 9.8 9.8 0.0
Levothyroxine 16.7 18.6 7.2 17.3 17.3 0.0
Loop diuretic 38.1 520 312 430 430 0.0
Nonsteroidal anti-inflammatory drug 234 16.7 232 210 210 0.0
Other anti-arrhythmic agent 8.8 58 248 79 79 00
Other antidepressant 10.1 109 4.7 104 104 0.0
Other antiplatelet agent 13 13 0.0 13 13 0.0
Other cholesterol medication 13.6 135 0.5 135 135 0.0
P2Y12 inhibitor 6.9 7.0 09 6.9 6.9 0.0
Proton pump inhibitor 356 382 6.2 36.2 36.2 0.0
SSRI'or SNRI 222 22.3 0.3 222 222 0.0
Statin 70.0 69.7 0.8 70.0 70.0 0.0

Thiazide diuretic 30.5 262 11.7 292 292 0.0
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Table 1 (continued)
Unweighted Propensity score overlap weighted
Rivaroxaban, % Warfarin,% ASD, % Rivaroxaban,% Warfarin,% ASD, %
N=32,078 N=83,971 N=32,078 N=83,971
Verapamil 1.8 1.8 0.0 19 19 0.0
Time in therapeutic INR range (mean % SD)? - 46+ 28 - - 47 £28 -
Median (25%, 75%) 47 (21, 66) 50 (24, 69)
CHA,DS,VASc score (mean £ SD)? 42+15 46+15 - 43+15 43+£15 -
CHADS, score (mean =+ SD)? 31+£12 34+12 - 32412 32412 -
Modified HAS-BLED score (mean = SD)? 1.5+08 1.7+£09 - 1.5+09 1.54+08 -

ASD absolute standardized difference, eGFR estimated glomerular filtration rate, INR international normalized ratio, SD standard deviation, SSR/ selective serotonin

reuptake inhibitor, SNRI serotonin-norepinephrine reuptake inhibitor

@ Covariate not included in the propensity score model

Overlap weighting was chosen as the primary method for
confounder adjustment in this study because it allows for
all eligible patients to be included in the analysis (unlike
propensity score matching which typically results in
sample size reduction in one or both cohorts), it assigns
greater weight to patients in which treatment cannot
be predicted and lesser weight to patients with extreme
propensity scores (approaching 0.0 or 1.0) preventing
outliers from dominating the analysis and decreasing
precision [a concern with inverse probability weighting
(IPTW)], and because overlap weighting has the favora-
ble property of resulting in the exact balance (absolute
standardized differences =0) of all variables included in
the multivariable logistic regression model used to derive
the propensity score [12, 18, 19].

Our study’s co-primary outcomes included the inci-
dence rates (%/year) of developing the composite of SSE/
vascular death (effectiveness) and major/CRNM bleeding
resulting in hospitalization (safety) [20]. Individual com-
ponents of the composite outcomes were also assessed.
Vascular death was defined as primary diagnosis/proce-
dure code for acute coronary syndrome, venous throm-
boembolism, aortic plaque, carotid stenosis, carotid
stenting, heart failure, hypertension, intracranial hem-
orrhage (ICH), ischemic heart disease, stroke, major
adverse limb event, myocardial infarction, peripheral
artery disease, systemic embolism, ventricular fibrilla-
tion/arrest or revascularization associated with a hospi-
tal admission or emergency room visit within 365 days
of the date of death. Our major bleeding component was
intended to approximate the International Society of
Thrombosis and Hemostasis (ISTH) definition of major
bleed, and was defined as an intracranial hemorrhage,
critical organ per ISTH or other bleed associated with a
fall in hemoglobin level of > 2 g/dL or requiring transfu-
sion of >2 units of whole blood or red cells [21]. Study
outcomes were defined based on ICD-9/10-CM diagnosis

codes, CPT-4, HCPCS, ICD-9/10-PCS procedure codes
or laboratory, vital signs, and other patient observation
results. We also performed falsification analysis using
urinary tract infection as an outcome.

Baseline characteristics were analyzed using descrip-
tive statistics. Categorical variables were reported as per-
centages and continuous variables as means = standard
deviations (SDs). Propensity score-overlap weighted Cox
proportional hazards regression models using a robust
estimator [15] were employed to calculate hazard ratios
(HRs) with corresponding 95% confidence intervals
(CIs) for all outcomes. The proportional hazard assump-
tion was tested based on Schoenfeld residuals (and was
found valid in all cases). Patients were censored in the
Cox models at time of outcome occurrence, end-of-EHR
activity (based on “Last Month Active” data available in
the Optum EHR) or end-of-data availability (December
31, 2019).

Sensitivity analysis were performed whereby we
assessed the SSE/vascular death and major/CRNM
bleeding outcomes after applying stabilized IPTW and
1:1 propensity score matched (using a caliper of 0.25
standard deviations of the of the logit of the propensity
score) approaches to confounding adjustment and cap-
ping the duration of patient follow-up at a maximum of
2-years. Subgroup analyses stratifying patients by age
(>80, <80 years), sex, baseline estimated glomerular fil-
tration rate (eGFR) (>50, 30-50, <30 mL/min/1.73m?),
baseline hemoglobin Alc (>8.5%, <8.5%), the presence
of absence of morbid obesity (defined as a body mass
index (BMI)>40 kg/m? or body weight >120 kg), heart
failure, vascular disease (defined as myocardial infarc-
tion, peripheral artery disease or aortic plaque), periph-
eral artery disease, cardiac revascularization within the
prior 12-months (coronary artery bypass grafting or
percutaneous coronary intervention), prior stroke, con-
comitant aspirin use (anytime during the 90-days after
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the index date), frailty (low, moderate-to-high Hospital
Frailty scores) [16], rivaroxaban dose (initiated on 20 mg
or 15 mg once daily) and warfarin time in therapeutic
range (TTR) (<25%, 25 to <50%, 50 to <75%, >75%).
Propensity score models and overall weighting were re-
run for each subgroup analysis including the same vari-
ables as the overall analysis.

All database management and statistical analysis were
performed using SAS version 9.4 (SAS Institute, Cary,
NC) and IBM SPSS version 27.0 (IBM Corp., Armonk,
NY). A p-value<0.05 was considered statistically signifi-
cant in all cases. P-values for heterogeneity across sub-
groups were adjusted to control false discovery rates due
to multiple testing [22].

The use of the Optum EHR data set was reviewed by
the New England Institutional Review Board and was
determined to be exempt from oversight, as this research
project did not involve human subject research and
the investigators were supplied only de-identified and
HIPAA-compliant data [10].

This report was written to comply with the Report-
ing of Studies Conducted using Observational Rou-
tinely Collected Health Data for Pharmacoepidemiology
(RECORD-PE) statement [23].

Results

We identified 32,078 rivaroxaban and 83,971 warfa-
rin patients with NVAF and comorbid T2D (Fig. 1).
Weighted and unweighted baseline characteristics of
included patients are depicted in Table 1. After propen-
sity score overlap weighting, the rivaroxaban and warfa-
rin cohorts were identical (standardized difference=0
for all). Of included patients, 99% had a diagnostic code
for T2D. The average CHA,DS,VASc score was 4.3+1.5
and modified HASBLED score was 1.540.9. Thirty-
one percent of rivaroxaban patients were initiated on
the 15 mg dose, with the remainder prescribed 20 mg
once daily. Using an estimated glomerular filtration
rate cut-off of 50 mL/min/1.75m? 6.4% of rivaroxaban
patients were overdosed and 21.0% underdosed. Patients
started on rivaroxaban were followed for an average of
1048 £693 days (2.9 years). Warfarin patients were fol-
lowed for a mean 1,044 +727 days (2.9 years). Warfa-
rin patients spent an average of 47 +28% (median: 50%)
of their time in the target therapeutic INR range (linear
interpolated assuming a target range of 2.0 to 3.0). Falsi-
fication analysis did not detect a difference between the
two cohorts in the development of using urinary tract
infection (HR=0.97, 0.95-1.00).

Upon propensity score-overlap weighted Cox pro-
portion hazard regression, we found rivaroxaban was
associated with a reduced hazard of the composite out-
come of SSE/vascular death (3.79 vs. 4.19; HR=0.91,
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95% CI 0.88-0.95) (Fig. 2) driven by a reduction in vas-
cular death (2.81 vs. 3.18, HR=0.90, 95% CI 0.86-0.95)
(Table 2). When SSE was evaluated separately, no dif-
ference was detected (1.31 vs. 1.34; HR=0.97, 95% CI
0.90-1.04). Hospitalization for any type of major/CRNM
bleeding was less frequent in rivaroxaban users com-
pared to warfarin users (2.17 vs. 2.31; HR=0.94, 95% CI
0.89-0.99) (Fig. 3), as was critical organ bleeding (0.35
vs. 0.54; HR=0.63, 95% CI 0.55-0.72) and intracranial
hemorrhage (0.29 vs. 0.40; HR=0.72, 95% CI 0.62-0.84)
(Table 3). There was no difference in extracranial bleed-
ing between rivaroxaban and warfarin (1.87 vs. 1.86;
HR=1.00, 95% CI 0.95-1.07), including gastrointestinal
bleeding (1.50 vs. 1.42; HR=1.06, 95% CI 0.99-1.13).

Exploratory analyses did not show a statistically sig-
nificant interaction across most subgroups for either the
SSE/vascular death or major/CRNM bleed outcomes
(Table 4). One exception was the better relative effective-
ness of rivaroxaban versus warfarin with the 20 mg rivar-
oxaban dose (compared to 15 mg) (p-interaction <0.05).
A second exception was the better relative effectiveness
of warfarin versus rivaroxaban when the warfarin cohort
was restricted to patients with a TTR>75% (11.6% of all
warfarin users) during follow-up (p-interaction<0.05).
Use of alternative propensity score-based method to
adjust for confounding or applying a 2-year follow-up cap
did not impact the SSE/vascular death or major/CRNM
bleed analysis results.

Discussion

In the present study we utilized detailed EHR data to
evaluate>116,000 patients with NVAF and comor-
bid T2D newly started on rivaroxaban or warfarin for a
mean of ~2.9-years of follow-up. We found rivaroxaban
use was associated with effectiveness and safety benefits
versus warfarin; most notably, significant reductions in
vascular death [10% relative risk reduction (RRR)], criti-
cal organ bleeding (37% RRR) and intracranial hemor-
rhage (28% RRR). These findings remained consistent
across subgroups including baseline alc level, with sta-
tistical interactions seen only when comparing the 20 mg
versus 15 mg dosing subgroups for the SSE/vascular
death outcome (an interaction based more on magni-
tude than direction of effect) and among patients with a
well-controlled INRs (TTR >75%). Current findings also
remained robust upon changes in confounding adjust-
ment methodology employed and upon capping follow-
up at a maximum of 2-years.

Our findings are generally consistent with those from
the diabetes subanalysis of the Rivaroxaban Once-
daily, Oral, Direct Factor Xa Inhibition Compared
with Vitamin K Antagonism for Prevention of Stroke
and Embolism Trial in Atrial Fibrillation (ROCKET
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OAC=oral anticoagulant; NVAF=nonvalvular atrial fibrillation
Fig. 1 Selection of patients

AF Trial) [7, 8]. Bansilal and colleagues [8] evaluated0
5695 subjects with diabetes from ROCKET AF (mean
CHADS, score=3.7+1.0) and demonstrated rivaroxa-
ban reduced the incidence rate of SSE/vascular death
(4.23 vs. 5.17%/year, HR =0.84 (0.70-1.00) and vascu-
lar death alone (2.83 vs. 3.65%/year, HR =0.80, 95% CI

0.64-0.99). Of note, the vascular mortality reduction
with rivaroxaban compared to warfarin in ROCKET
AF was observed in diabetics but not in those with-
out diabetes (HR=1.08, 95% CI 0.89-1.30) (p-inter-
action=0.037 for diabetic vs. non-diabetic subgroup
comparison) [7, 8].



Coleman et al. Cardiovasc Diabetol (2021) 20:52 Page 8 of 13
Stroke, Systemic Embolism, or Vascular Death
05
Warfarin
Rivaroxaban

- 04

®

o

=

= /,

175} P

) 5

= 03 ~

g e r

B y L3

g P

= - "

O o2 y R

g g

= > e

- /,/ -t

7] P il C il

2 041 ~ L -

e ° '/.
~  al
,'/-/
0.0 /
.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00
Time (Days)
Fig. 2 Kaplan—Meyer curve for primary effectiveness outcome
Table 2 Effectiveness outcomes
Outcome Rivaroxaban Warfarin PS overlap
N=32,078 N=83,971 weighted HR
# of events (%/year) # of events (%/year) (95%Cl)
Stroke, systemic embolism, vascular death 3497 (3.79) 10,077 (4.19) 0.91 (0.88-0.95)
Stroke, systemic embolism, myocardial infarction, vascu- 4074 (4.42) 11,420 (4.76) 0.94 (0.90-0.97)
lar death

Stroke or systemic embolism 1219 (1.31) 3275 (1.34) 0.97 (0.90-1.04)
Stroke, myocardial infarction, vascular death 4010 (4.34) 11,252 (4.69) 0.94 (0.90- 097)
[schemic stroke 1026 (1.10) 2519 (1.05) 05 (0.97-1.14)
Systemic embolism 128 (0.13) 420 (0.16) 0.82 (0.66-1.02)
Myocardial infarction 898 (0.99) 2267 (0.95) 04 (0.96-1.14)
Vascular death 2598 (2.81) 7641 (3.18) 0.90 (0.86-0.95)

Cl confidence interval, HR hazard ratio, PS propensity score

An administrative claims database study performed
by Baker and colleagues [9] of nearly 24,000 patients
provided confirmatory evidence to ROCKET AF [7,
8], suggesting rivaroxaban was at least as effective
and safe as warfarin in NVAF patients with comorbid
T2D. The investigators reported no statistically signifi-
cant differences in ischemic stroke (HR=0.83, 95% CI
0.59-1.17) or major bleeding (HR=0.95, 95% CI 0.79—
1.15) between the two inverse probability of treatment
weighted (IPTW) OAC cohorts. Unfortunately, the IBM

MarketScan claims data set utilized by the investigators
does not provide mortality data, so vascular death could
not be assessed [9]. This is noteworthy, since vascular
death occurs in at least 7 out of 10 NVAF patients with
diabetes [24] and appears to be the outcome most ben-
efited by the preferential use of rivaroxaban in diabetics
in ROCKET AF [7, 8] and in the present EHR study.
Another retrospective database study was performed
by Chan et al. and investigated all DOACs versus warfa-
rin in patients with comorbid NVAF and diabetes [25].
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Fig. 3 Kaplan—Meyer curve for primary safety outcome
Table 3 Bleeding outcomes
Outcome Rivaroxaban Warfarin PS overlap weighted HR
N=32,078 N=83,971 (95%Cl)
# of events (%/year) # of events (%/year)

Hospitalization for major or CRNM bleed 1989 (2.17) 5542 (2.31) 0.94 (0.89-0.99)
Major or CRNM bleed 6 (6.95) 16,710 (6.95) 1.00 (0.97-1.03)
Major bleed 834 (0.90) 2687 (1.11) 0.80 (0.74-0.97)
Critical organ bleed 321 (0.35) 1344 (0.54) 0.63 (0.55-0.72)
Intracranial hemorrhage 257 (0.29) 1008 (0.40) 0.72 (0.62-0.84)
Extracranial bleed 1732 (1.87) 4450 (1.86) 1.00 (0.95-1.07)
CRNM bleed 4(6.09) 14,443 (6.00) 1.02 (0.98-1.05)

Cl confidence interval, CRNM clinically relevant non-major, HR hazard ratio, ICH intracranial hemorrhage, ISTH International Society of Thrombosis and Haemostasis, PS

propensity score

This study found no significant difference in SSE between
DOACs and warfarin (HR=0.89, 95% CI 0.79-1.02)
but did find DOACs to be associated with a reduction
in major bleeding (HR=0.67, 95% CI 0.59-0.76). These
findings are not inconsistent with those in our study,
though our study importantly adds the outcome of vas-
cular mortality. Our observed reduction in vascular
mortality with rivaroxaban versus warfarin is bolstered
by the findings of a meta-analysis performed by Patti
and colleagues that demonstrated a reduction in vascu-
lar mortality with DOACs versus vitamin K antagonists

in patients with comorbid NVAF and diabetes using data
from four phase III RCTs (4.97 vs. 5.99%; relative reduc-
tion=0.83, 95% CI 0.72-0.96) [26].

United States and European atrial fibrillation guidelines
[1, 3] state that for stroke prevention, patients who are
eligible for OAC should receive a DOAC in preference
to a vitamin K antagonist (VKA) except in patients with
mechanical heart valves or moderate-to-severe mitral
stenosis (class 1A recommendations). European Society
of Cardiology (ESC) and European Association for the
Study of Diabetes (EASD) collaborative guidelines on the
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Table 4 Subgroup and sensitivity analysis

Subgroup PS overlap weighted HR (95%Cl)
SSE/vascular death Major/CRNM bleeding

Age

>80 years 0.93 (0.87-1.00) 1.06 (0.96-1.18)

<80 years 0.91 (0.86-0.96) 0.90 (0.84-0.96)
Sex

Female 0.94 (0.88-1.01) 0.97 (0.89-1.06)

Male 0.89 (0.84-0.94) 0.92 (0.85-0.99)
eGFR

>50 0.93 (0.89-1.03) 0.92 (0.86-0.98)

30-50 0.89 (0.80-0.99) 1.03 (0.89-1.19)

<30 0.79 (0.67-0.93) 1.02 (0.82-1.27)
Hemoglobin Alc

>85 0.86 (0.78-0.95) 0.89 (0.77-1.03)

<85 0.93 (0.86-0.97) 0.95 (0.89-1.01)
Morbid obesity

Yes 0.89 (0.82-0.99) 0.85 (0.75-0.95)

No 0.92 (0.87-0.96) 0.97 (0.91-1.03)
Heart failure

Yes 0.92 (0.87-0.97) 1.02(0.94-1.11)

No 0.89 (0.83-0.95) 0.87 (0.80-0.94)
Vascular disease

Yes 0.91 (0.85-0.97) 1.03 (0.94-1.31)

No 0.89 (0.85-0.95) 0.89 (0.82-0.95)
Peripheral artery disease

Yes 0.92 (0.85-1.00) 1.10(0.98-1.23)

No 0.91 (0.86-0.95) 0.90 (0.84-0.96)
Revascularization

Yes 0.94 (0.87-1.01) 0.99 (0.90-1.10)

No 0.88 (0.84-0.93) 0.97 (0.94-1.01)
Prior stroke

Yes 1.02 (0.93-1.13) 0.98 (0.83-1.17)

No 0.89 (0.85-0.93) 0.93 (0.88-0.99)
Concomitant aspirin

Yes 0.92 (0.88-1.01) 1.05 (0.97-1.30)

No 0.86 (0.84-0.93) 0.86 (0.80-0.93)
Frailty score

Low 0.86 (0.80-0.94) 0.85 (0.77-0.94)

Moderate-to-high 0.92 (0.87-0.96) 0.99 (0.92-1.05)
Rivaroxaban dose

20 mg 0.76 (0.72-0.80)* 0.86 (0.80-0.92)

15 mg 0.93 (0.88-0.99) 0.93 (0.86-1.02)
Warfarin time in therapeutic INR

<25% 0.72 (0.69-0.76) 0.64 (0.60-0.69)

2510 <50% 0.72 (0.68-0.76) 0.74 (0.69-0.79)

50t0<75% 102(097 1.08) 1.03 (0.96-1.11)

>75% 33(1.22-1.44) 1.67 (1.48-1.85)
PS method

oW 91 (0.88-0.95) 0.94 (0.89-0.99)

sIPTW 0.94 (0.91-0.99) 1.00 (0.92-1.08)

1:1 PSM (caliper=0.25 SD) 0.89 (0.85-0.94) 0.89 (0.83-0.95)
2-year follow-up cap 0.93 (0.88-0.98) 0.98 (0.92-1.06)
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Table 4 (continued)
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Cl confidence interval, eGFR estimated glomerular filtration rate, HR hazard ratio, INR international normalized ratio, OLW overlap weighting, PS propensity score, SD

standard deviation, sIPTW stabilized inverse probability weighting

*p-value for interaction < 0.05 after adjustment for multiple comparisons using the Benjamini, Hochberg and Yekutieli method to control for false discovery rates

management of diabetes, pre-diabetes, and cardiovascu-
lar diseases additionally recommend (class 1A) DOACs
over a VKA in patients with diabetes aged > 65 years with
NVAF and a CHA,DS,VASc score > 2, (if not otherwise
contraindicated) [2]. Given vascular mortality is substan-
tially increased in NVAF patients with comorbid T2D
and the accumulating data suggesting DOACs [26] may
be associated with up to a 17% relative and ~ 1% absolute
risk reduction in vascular death, the practice of prefer-
entially using DOACs over a VKA in a diabetic appears
warranted [27].

Our study has limitations worth discussion. First due
to the non-randomized, retrospective nature of this
study, biases including misclassification, sampling, and
confounding bias may impact internal validity [28]. We
attempted to reduce the probability of misclassification
bias by using validated coding schema [13-16, 20] and
leveraging the wealth of laboratory and clinical obser-
vation data available in an EHR data set but not admin-
istrative claims databases [10, 28]. We used propensity
score-overlap weighting to reduce the risk of confound-
ing bias [18, 19]. While such propensity score-based
methods serve to harmonize comparison groups with
respect to patient characteristics, residual confound-
ing cannot be ruled out [12]. Moreover, we performed
falsification analysis which found, as anticipated, no
difference between rivaroxaban and warfarin for the
outcome of urinary tract infection. Second, due to the
observational nature of this study, we did not have con-
trol over warfarin dosing or target INR chosen (though
we assumed a target range of 2.0-3.0 for the purposes
of TTR calculation). The TTR observed in our study
(mean: 47%, median: 50%) was not dissimilar to that of
warfarin patients enrolled in ROCKET AF (mean: 55%,
median: 58%) [7] or to that observed in routine clinical
practice (mean: 55%) [29]. Furthermore, we performed
a subgroup analysis comparing rivaroxaban to warfa-
rin patients stratified by TTR quartiles which suggested
warfarin may be a good choice if patients can maintain
a TTR>75%. Our data suggest only about 1 in every 10
warfarin patients can maintain that quality of INR con-
trol. This finding should also be interpreted with caution
since data from the ORBIT registry suggest a past record
of INR stability only weakly predicts future stability [30].
Third, time since diabetes diagnosis could not be accu-
rately ascertained within the available data; and there-
fore, could not be included in the propensity score model.
Fourth, cause of death was also not available in the

database and therefore we used an algorithm consisting
of hospitalization due to vascular cause within 365 days
of death to identify “vascular” mortality. Notably, the
vascular mortality rates observed in our study (rivaroxa-
ban=2.81%, warfarin =3.18%) were similar to the vascu-
lar mortality rate in the diabetic sub-analysis of ROCKET
AF (rivaroxaban=2.83%, warfarin=3.65%) [8]. Fifth,
the EHR data set utilized for this study includes only US
patients [10] making our findings most generalizable to a
US population. Next, EHR data sets lack information on
prescription medication claims [10]. Instead they provide
data only on medications prescribed or self-reported (the
latter is an advantage of EHRs as they allow for detection
of over-the-counter medication use such as aspirin). The
lack of prescription claims data makes ascertainment of
OAC exposure (persistence and adherence) problematic.
As a result, the present study only performed intent-to-
treat (and not on-treatment) analyses. Finally, although
Optum EHR data covers both insured and uninsured
patients, it does not cover all institutions and therefore
its possible follow-up events could be missed [10].

Conclusion

In NVAF patients with T2D, rivaroxaban was asso-
ciated with an~10% RRR in vascular mortality and
fewer bleeding-related hospitalizations versus warfa-
rin, including a significant 37% RRR in critical organ
bleeding and a 28% RRR in intracranial hemorrhage.
Our data should provide clinicians with additional con-
fidence in selecting rivaroxaban in NVAF patients with
comorbid T2D.
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