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ABSTRACT

BACKGROUND: Adherence to oral anticoagulant (OAC) agents is important 
for patients with nonvalvular atrial fibrillation (NVAF) to prevent potentially 
severe adverse events.

OBJECTIVE: To compare real-world adherence rates and time to discontinu-
ation for rivaroxaban versus other OACs (apixaban, dabigatran, and warfa-
rin) among patients with NVAF using claims-based data.

METHODS: Health care claims from the IMS Health Real-World Data 
Adjudicated Claims database (July 2012-June 2015) were analyzed. Adher-
ence rate was defined as the percentage of patients with proportion of 
days covered (PDC) ≥ 0.80 and ≥ 0.90. Discontinuation was defined as a 
gap of more than 30 days between the end of a dispensing days of supply 
and the start date of the next fill, if any. Patients were included if they had 
≥ 2 dispensings of rivaroxaban, apixaban, dabigatran, or warfarin at least 
180 days apart (the first was considered the index date), had > 60 days of 
supply, had ≥ 6 months of pre-index eligibility, had ≥ 1 atrial fibrillation (AF) 
diagnosis pre-index or at index date, and had no valvular involvement. A 
logistic regression model was used to evaluate adherence to OAC therapy, 
while a Cox model was used to compare time to discontinuation; both mod-
els adjusted for baseline confounders.

RESULTS: A total of 13,645 rivaroxaban, 6,304 apixaban, 3,360 dabigatran, 
and 13,366 warfarin patients were identified. A significantly higher propor-
tion of rivaroxaban users (80.1%) was adherent to therapy (PDC ≥ 0.80 at  
6 months) versus apixaban (75.8%), dabigatran (69.2%), and warfarin users 
(64.5%). After adjustment, the proportion of patients adherent to therapy 
remained significantly higher for rivaroxaban users versus apixaban (abso-
lute difference [AD] = 5.8%), dabigatran (AD = 9.5%), and warfarin users 
(AD = 13.6%; all P < 0.001). More pronounced differences were found with a 
PDC ≥0.90. In addition, rivaroxaban users were significantly less likely to dis-
continue therapy compared with other OACs after adjustments (all P < 0.05).

CONCLUSIONS: Among NVAF patients, rivaroxaban was associated with 
significantly higher adherence rates relative to other OACs whether using 
either a PDC of > 0.80 or > 0.90. Such differences in adherence could trans-
late into improved patient outcomes and lower health care costs.

J Manag Care Spec Pharm. 2017;23(9):980-88

Copyright © 2017, Academy of Managed Care Pharmacy. All rights reserved.

RESEARCH

Anticoagulant agents are used to prevent blood clots (i.e., 
stroke prevention) among patients diagnosed with atrial 
fibrillation (AF)—the most common cardiac arrhyth-

mia in the United States. AF had an estimated U.S. prevalence 
of 5.2 million in 2010, and total U.S. direct costs attributable 
to AF have been estimated at $6.65 billion annually.1-3 AF is 
the cause of a substantial public health and economic burden. 
For example, patients diagnosed with AF have an increased 
risk of developing adverse events and worse clinical outcomes 
compared with non-AF patients, such as ischemic stroke, heart 
failure, chronic fatigue, or additional heart rhythm problems.4-8 
Furthermore, the risk of AF increases with age—currently 
more than half of AF patients are aged over 80 years.9,10 With 
the aging of the population, the number of people at risk is 
expected to rise to 12.1 million by 2030 and lead to a substan-
tial growth of economic burden.1,10 

Treatment with oral anticoagulant (OAC) agents can sub-
stantially reduce the risk of developing adverse events such as 
strokes and bleedings, reduce the associated risk of morbidity 
and mortality, and increase or maintain patient quality of life.11 
Recently, non-vitamin K oral anticoagulants (NOACs) have 
been approved by the U.S. Food and Drug Administration 
for stroke prevention in nonvalvular AF (NVAF) patients. 
Before the approval of NOAC agents, vitamin K anticoagulants 
(VKAs), such as warfarin, were the main treatment options 
used for stroke prevention among AF patients.12 Because 
VKAs require recurrent monitoring of the anticoagulant effect 

• Poor medication adherence, especially among oral anticoagulants 
(OACs), has been associated with worse patient outcomes and 
therapy failure.

What is already known about this subject

• Compared with vitamin K anticoagulants, such as warfarin, non-
vitamin K oral anticoagulants (NOACs) do not require recurrent 
monitoring, have more predictable pharmacokinetics, and have 
fewer drug interactions. 

• This study showed that patients treated with rivaroxaban had 
a significantly higher adherence to therapy relative to the other 
NOACs (i.e., apixaban and dabigatran) and warfarin whether 
using a proportion of days covered threshold of 0.80 or 0.90 to 
define an adherent patient.

• Rivaroxaban users were also less likely to discontinue their 
therapy compared with other NOAC and warfarin users.

What this study adds
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baseline period of at least 6 months of continuous health plan 
enrollment before the index date, and had to have at least  
1 primary or secondary AF diagnosis (ICD-9-CM code 427.31) 
during the baseline period or at the index date. Patients were 
excluded if they were aged under 18 years at the index date or 
if they were diagnosed at baseline with valvular involvement 
(including ICD-9-CM codes 394.0x, 394.2x, 396.0x, 396.1x, 
746.5x, 996.02, 996.71 for mitral stenosis diagnosis; ICD-9-
Procedure codes 35.20, 35.22, 35.23, 35.24, 35.97 and CPT-4 
codes 33405, 33420, 33422, 33425-33427, 33430, 92987 for 
mechanical heart valves).

The observation period spanned from the index date to 
the end of insurance coverage, end of data availability (i.e.,  
June 30, 2015), or a potentially curative procedure (i.e., cath-
eter ablation and surgical maze; ICD-9-Procedure code 37.34 
or CPT-4 codes 93650-93652, 93799, 33250-33251, 33254-
33259, 33261, 33265-33266), whichever occurred first.

Study Endpoints
Adherence to OACs was evaluated using proportion of days 
covered (PDC) at 6 months and medication possession ratio 
(MPR). PDC was calculated as the number of days of supply 
over a fixed period of time (i.e., 6 months). MPR was calcu-
lated as the number of days of supply over treatment duration 
(i.e., the period between the first and the last dispensing of the 
index medication). Adherence to therapy was defined using 
PDC or MPR thresholds of ≥ 0.80 and ≥ 0.90. 

Discontinuation was evaluated at 3, 6, 9, and 12 months and 
was defined as a gap of more than 30 days between the end of 
a dispensing days of supply and the start date of the next fill, 
if any. Sensitivity analyses were conducted using gaps of more 
than 15 and 45 days to define discontinuation. 

Statistical Analysis
Descriptive statistics of cohorts were generated to summarize 
patient baseline characteristics and risk factors evaluated dur-
ing the 6 months before the index date. Means, medians, and 
standard deviations (SDs) were used to describe continuous 
variables, while frequencies and percentages were used to 
describe categorical variables. Student’s t-tests and chi-squared 
tests were performed to compare adherence between cohorts. 
In addition, treatment patterns (i.e., the number of dispensings 
and days of supply of the index drug) were reported over the 
observation period using means and SDs.

Adherence to the index therapy was reported using PDC 
and MPR at 6 months. The proportion of patients with PDCs 
(and MPR) ≥ 0.80 and ≥ 0.90 were reported. Comparisons 
between cohorts were assessed using unadjusted and adjusted 
logistic regression models. Adjustments included the follow-
ing sociodemographic and clinical characteristics: age; gender; 
region; insurance type; index month and year; previous OAC 
use; Quan-Charlson Comorbidity Index score; CHA2DS2-VASc 

with dose adjustment—and NOACS do not—NOACs offer a 
less-demanding therapeutic regimen for patients. Moreover, 
NOACs have more predictable pharmacokinetics and fewer 
drug interactions.13 Currently, licensed NOACs include once-
a-day rivaroxaban and edoxaban and twice-a-day dabigatran 
and apixaban.14-17

Safety and effectiveness of therapies depend on patients tak-
ing their medications as prescribed, and this is even more impor-
tant among chronically ill patients. Poor medication adherence, 
especially with use of OACs, has been associated with worse 
patient outcomes and therapy failure.18 Medication nonadher-
ence is common among NVAF patients, and nonadherence has 
been estimated to range from 22% to 58% among VKA agents.19 
Because of their recent regulatory approval, there have been lim-
ited adherence and persistence data for NOAC agents.20 

Considering the potential consequences that suboptimal 
adherence to OACs might have on AF patients, the purpose of 
this study was to assess real-world medication adherence and 
persistence to OACs among patients diagnosed with NVAF 
using U.S. health care claims data.

■■  Methods
Data Source
Health insurance claims from the IMS Health Real-World Data 
(RWD) Adjudicated Claims database between July 1, 2012,  
and June 30, 2015, were used to conduct the analysis. The IMS 
RWD Adjudicated Claims database is one of the largest claims 
databases of U.S. commercial insurers. This de-identified, inte-
grated database includes medical and pharmacy claims for more 
than 95 million unique U.S. enrollees. Data elements included 
inpatient and outpatient claims, diagnoses and procedures based 
on International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) and Current Procedural Terminology, 
4th Edition (CPT-4) codes, and retail and mail order pharmacy 
claims. Because of the broad reach of the data, records in the 
IMS RWD Adjudicated Claims database are representative of the 
national commercially insured population; however, patients 
from the western region are underrepresented.

Study Design
A retrospective cohort design was used to assess adherence 
to rivaroxaban, apixaban, dabigatran, and warfarin among 
patients with NVAF. Criteria defined by the Pharmacy Quality 
Alliance (PQA) were used to identify the study population.21 

More specifically, patients were included if they had 2 or more 
dispensings of OACs at least 180 days apart after January 1, 2013  
(the date of the first dispensing was considered the index date, 
and the type of OAC agent was considered the index agent) and 
had more than 60 days of supply. In addition to the preced-
ing 2 PQA criteria, patients had to be newly initiated on the 
index anticoagulants agent (i.e., no previous use of the index 
agent in the 6 months before the index date), had to have a 
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(i.e., a clinical prediction rule estimating the risk of stroke in 
patients diagnosed with AF) and HAS-BLED (i.e., a scoring 
system assessing the 1-year risk of major bleeding in patients 
diagnosed with AF) scores; previous diagnosis of venous throm-
boembolism, total hip arthroplasty, or total knee arthroplasty; 
and the number of different drug classes used at baseline. 

Furthermore, adjustments were made for stroke and bleed-
ing risk factors, as well as the following risk factors for non-
adherence (defined as mental disorders [depressive disorders, 
schizophrenia spectrum and other psychotic disorders, bipolar 
and related disorders, anxiety disorders, obsessive-compul-
sive and related disorders, dissociative disorders, somatic  

No mitral stenosis or  
mechanical heart valve, organ, 
or tissue replaced by transplant 

during baseline period 
n = 13,645

No mitral stenosis or  
mechanical heart valve, organ, 
or tissue replaced by transplant 

during baseline period 
n = 6,304

No mitral stenosis or  
mechanical heart valve, organ, 
or tissue replaced by transplant 

during baseline period 
n = 3,360

No mitral stenosis or  
mechanical heart valve, organ, 
or tissue replaced by transplant 

during baseline period 
n = 13,366

Aged 18 years or older  
as of index date 

n = 13,789

Aged 18 years or older  
as of index date 

n = 6,373

Aged 18 years or older  
as of index date 

n = 3,394

Aged 18 years or older  
as of index date 

n = 13,986

At least 1 diagnosis of AF  
(ICD-9-CM: 427.31) during  
baseline or at index date 

n = 13,791

At least 1 diagnosis of AF  
(ICD-9-CM: 427.31) during  
baseline or at index date 

n = 6,373

At least 1 diagnosis of AF  
(ICD-9-CM: 427.31) during  
baseline or at index date 

n = 3,394

At least 1 diagnosis of AF  
(ICD-9-CM: 427.31) during  
baseline or at index date 

n = 13,990

Newly initiated on  
index OAC therapy  

(180 days washout period) 
n = 26,247

Newly initiated on  
index OAC therapy  

(180 days washout period) 
n = 7,299

Newly initiated on  
index OAC therapy  

(180 days washout period) 
n = 4,124

Newly initiated on  
index OAC therapy  

(180 days washout period) 
n = 37,657

At least 180 days of  
continuous eligibility before  

index date 
n = 30,748

At least 180 days of  
continuous eligibility before  

index date 
n = 7,299

At least 180 days of  
continuous eligibility before  

index date 
n = 14,249

At least 180 days of  
continuous eligibility before  

index date 
n = 122,838

FIGURE 1 Patient Disposition

≥ 2 dispensings of rivaroxaban, apixaban, dabigatran, or warfarin 
after January 1, 2013, at least 180 days apart 

N = 222,391

More than 60 days of supply 
n = 38,040

More than 60 days of supply 
n = 8,520

More than 60 days of supply 
n = 17,424

More than 60 days of supply 
n = 155,640

Rivaroxaban Cohort 
n = 39,625

Apixaban Cohort 
n = 8,570

Dabigatran Cohort 
n = 17,424

Warfarin Cohort 
n = 156,772

AF = atrial fibrillation; ICD-9-CM = International Classification of Diseases, Ninth Revision, ClinicalModification; OAC = oral anticoagulant. 
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Rivaroxaban Cohort 
(n = 13,645)

Apixaban Cohort 
(n = 6,304)

Dabigatran Cohort 
(n = 3,360)

Warfarin Cohort 
(n = 13,366)

Observation period,a days, mean ± SD [median]  493 ± 190 [467]  423 ± 161 [391]  548 ± 202 [547]  544 ± 201 [536]
Demographicsb

Age, years, mean ± SD [median]  63.1 ± 10.0 [62]  64.2 ± 9.9 [63]  62.9 ± 9.6 [62]  66.1 ± 11.0 [64]
Gender, female, n (%)  4,264 (31.2)  2,049 (32.5)  1,000 (29.8)  4,615 (34.5)
Region,b n (%)
South  5,149 (37.7)  2,882 (45.7)  1,237 (36.8)  3,454 (25.8)
West  863 (6.3)  381 (6.0)  243 (7.2)  1,391 (10.4)
Northeast  3,837 (28.1)  1,303 (20.7)  980 (29.2)  3,976 (29.7)
Midwest  3,796 (27.8)  1,738 (27.6)  900 (26.8)  4,545 (34.0)
Insurance type,b n (%)
PPO  10,645 (78.0)  5,115 (81.1)  2,569 (76.5)  9,219 (69.0)
HMO  1,551 (11.4)  568 (9.0)  402 (12.0)  2,421 (18.1)
Indemnity/traditional  660 (4.8)  295 (4.7)  159 (4.7)  899 (6.7)
POS  499 (3.7)  184 (2.9)  161 (4.8)  536 (4.0)
CDHP  90 (0.7)  36 (0.6)  17 (0.5)  68 (0.5)
HSA  2 (0.0)  0 (0.0)  1 (0.0)  1 (0.0)
Unknown  198 (1.5)  106 (1.7)  51 (1.5)  222 (1.7)
Comorbidity index scores,c mean ± SD [median]
Quan-Charlson Comorbidity Index  1.48 ± 1.68 [1]  1.58 ± 1.72 [1]  1.40 ± 1.56 [1]  2.04 ± 2.08 [1]
CHA2DS2-VASc score  2.35 ± 1.40 [2]  2.48 ± 1.39 [2]  2.29 ± 1.38 [2]  2.77 ± 1.51 [3]
HAS-BLED score  1.53 ± 1.05 [1]  1.62 ± 1.03 [2]  1.50 ± 1.00 [1]  1.79 ± 1.15 [2]
Comorbidityc

VTE  976 (7.2)  180 (2.9)  66 (2.0)  1,434 (10.7)
THA/TKA  305 (2.2)  96 (1.5)  54 (1.6)  288 (2.2)
Baseline medicationc

Number of different drug classes  6.81 ± 4.06 [6]  7.39 ± 4.10 [7]  6.59 ± 4.05 [6]  6.59 ± 4.20 [6]
Baseline use of oral anticoagulant
Any oral anticoagulant  3,950 (28.9)  2,083 (33.0)  644 (19.2)  1,004 (7.5)

Warfarin  2,877 (21.1)  1,230 (19.5)  539 (16.0)  0 (0.0)
Rivaroxaban  0 (0.0)  446 (7.1)  103 (3.1)  515 (3.9)
Dabigatran  1,063 (7.8)  481 (7.6)  0 (0.0)  439 (3.3)
Apixaban  86 (0.6)  0 (0.0)  14 (0.4)  95 (0.7)
Edoxaban  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)

Baseline resource utilization,c mean ± SD [median]
Hospitalizations  0.45 ± 0.66 [0]  0.42 ± 0.65 [0]  0.39 ± 0.61 [0]  0.55 ± 0.75 [0]
Hospital days  2.96 ± 9.58 [0]  2.52 ± 8.19 [0]  2.22 ± 7.86 [0]  6.20 ± 16.56 [0]
ER visits  0.42 ± 0.92 [0]  0.46 ± 1.14 [0]  0.38 ± 0.96 [0]  0.46 ± 1.11 [0]
Outpatient visits  11.31 ± 10.59 [9]  12.16 ± 11.00 [9]  10.37 ± 9.58 [8]  13.24 ± 13.32 [10]
Baseline health care cost,c $US 2015, mean ± SD
Total health care cost  15,587 ± 42,340  15,623 ± 33,304  12,661 ± 28,618  32,451 ± 179,458

Hospitalizations  8,871 ± 39,020  7,623 ± 26,864  6,893 ± 25,459  24,073 ± 151,960
ER visits  387 ± 2,906  392 ± 1,769  328 ± 2,177  1,034 ± 72,948
Outpatient visits  4,856 ± 12,109  6,022 ± 17,082  4,116 ± 10,351  5,942 ± 27,004
Pharmacy  1,472 ± 3,373  1,585 ± 2,868  1,321 ± 3,067  1,400 ± 4,823

Index medication copayment,b $US 2015,  
mean ± SD [median]

 40.32 ± 52.76 [32]  46.06 ± 52.95 [41]  42.89 ± 51.64 [36]  6.10 ± 10.31 [4]

Comorbidities, substance abuse, stress and social risk factors associated with nonadherence, n (%)c,d

0  8,195 (60.1)  3,774 (59.9)  2,040 (60.7)  8,188 (61.3)
1  3,956 (29.0)  1,926 (30.6)  960 (28.6)  3,896 (29.1)
≥ 2  1,494 (10.9)  604 (9.6)  360 (10.7)  1,282 (9.6)
Frequent risk factors,c,e n (%)
Hypertension  9,694 (71.0)  4,736 (75.1)  2,423 (72.1)  9,453 (70.7)
Hyperlipidemia  7,671 (56.2)  3,781 (60.0)  1,889 (56.2)  7,134 (53.4)

TABLE 1 Demographics and Clinical Characteristics

continued on next page
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symptoms and related disorders, feeding and eating disorders, 
neurodevelopmental disorders, sleep-wake disorders, neuro-
cognitive disorders, medication-induced movement disorders, 
and other adverse effect medication and personality disorders]; 
substance abuse; diagnosis of rheumatoid arthritis; isolation; 
stress; total copayment at index; and total health care costs). 
Statistical significance was assessed at an α-level of 0.05 or less.

Kaplan-Meier rates of persistence were evaluated for each 
cohort, and multivariable Cox proportional hazards regres-
sion models were used to compare the time to discontinuation 
between different OAC users, adjusting for baseline confounders 
(i.e., the same covariates as for adherence analyses were used). 
Hazard ratios (HRs) and corresponding 95% confidence inter-
vals (CIs) from the Cox models were used to compare cohorts. 

All statistical analyses were conducted using SAS version 9.3 
(SAS Institute, Cary, NC).

■■  Results
Patient Characteristics
Of all NVAF patients (N = 222,453), 13,645 rivaroxaban, 6,304 
apixaban, 3,360 dabigatran, and 13,366 warfarin users met the 
inclusion and exclusion criteria to form the final study cohorts 
(Figure 1). Table 1 summarizes baseline characteristics of each 
study cohort. The mean (SD) observation period was 493 (190), 
423 (161), 548 (202), and 544 (201) days for the rivaroxaban, 
apixaban, dabigatran, and warfarin cohorts, respectively. The 
mean age was similar between the 3 NOAC cohorts at 63.1, 

Rivaroxaban Cohort 
(n = 13,645)

Apixaban Cohort 
(n = 6,304)

Dabigatran Cohort 
(n = 3,360)

Warfarin Cohort 
(n = 13,366)

Frequent risk factors,c,e n (%)
Coronary heart disease  4,420 (32.4)  2,328 (36.9)  1,048 (31.2)  5,124 (38.3)
Diabetes  3,743 (27.4)  1,795 (28.5)  987 (29.4)  4,130 (30.9)
Heart failure  2,725 (20.0)  1,320 (20.9)  639 (19.0)  3,727 (27.9)
aThe observation (follow-up) period spanned from index date up to end of data availability, a curative procedure, or end of insurance coverage.
bEvaluated at index date.
cEvaluated during 6-month baseline period.
dIncludes mental disorders, substance abuse, rheumatoid arthritis, isolation, stress, and being in a nursing home.
eOnly risk factors with a proportion of patients over 20% are shown.
CDHP = consumer-directed health care; ER = emergency room; HMO = health maintenance organization; HSA = health savings account; POS = point of service;  
PPO = preferred provider organization; SD=standard deviation; THA = total hip replacement; TKA = total knee replacement; VTE = venous thromboembolism.

TABLE 1 Demographics and Clinical Characteristics (continued)

Treatment Patterns and 
Adherence

Rivaroxaban Cohort
[A]

(n = 13,645)

Apixaban Cohort
[B]

(n = 6,304)

Dabigatran Cohort
[C]

(n = 3,360)

Warfarin Cohort
[D]

(n = 13,366)

P Valuea

[A] vs. [B] [A] vs. [C] [A] vs. [D]

Treatment duration, days, 
mean (SD)

 452 (183)  402 (156)  485 (196)  496 (196) – – –

Number of dispensing per 
patient, mean (SD)

 11.41 (6.0)  10.50 (5.2)  11.05 (6.2)  11.31 (8.8) – – –

Days supply per  
dispensing, mean (SD)

 44.44 (24.1)  41.68 (21.9)  45.35 (24.4)  59.87 (41.1) – – –

MPRb

MPR, mean (SD) 0.86 (0.2) 0.85 (0.2) 0.81 (0.2) 0.80 (0.2) 0.001 < 0.001 < 0.001
Adherent patients, % 
(MPR ≥ 0.80)

78.1 75.7 66.4 59.0 < 0.001 < 0.001 < 0.001

Adherent patients, % 
(MPR ≥ 0.90)

57.6 53.0 45.5 37.2 < 0.001 < 0.001 < 0.001

Unadjusted adherence at 6 monthsc

% of patients with PDC ≥ 0.80 80.1 75.8 69.2 64.5 < 0.001 < 0.001 < 0.001
% of patients with PDC ≥ 0.90 63.5 56.9 51.3 47.1 < 0.001 < 0.001 < 0.001
aP values were estimated using Student’s t-tests for continuous variables and chi-squared tests for categorical variables.
bDefined as the number of days supply between the first and the last dispensing over treatment duration. Treatment duration spanned from index date until earliest date 
between end of data availability, a curative procedure, and end of insurance coverage.
cUnadusted adherence was calculated as the proportion of patients with PDC ≥ 0.80 or PDC ≥ 0.90.
MPR = medication possession ratio; PDC = proportion of days covered; SD = standard deviation.

TABLE 2 Adherence Measures of OAC Cohorts
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significantly higher in the rivaroxaban cohort (0.86) compared 
with the apixaban (0.85, P = 0.001), dabigatran (0.81, P < 0.001), 
and warfarin (0.80, P < 0.001) cohorts.

After adjusting for baseline demographics and clinical charac-
teristics, the proportion of patients with PDC ≥ 0.80 was 79.9%, 
74.1%, 70.4%, and 66.3% for rivaroxaban, apixaban, dabigatran, 
and warfarin users, respectively (Figure 2A). The associated 
absolute differences (ADs) in proportion of patients adherent 
to therapy remained significantly higher for rivaroxaban users 
versus apixaban (AD = 5.8%), dabigatran (AD = 9.5%), and war-
farin users (AD = 13.6%, all P < 0.001; Figure 2A and Appendix, 
available in online article). Similarly, the adjusted proportion of 
patients with PDC ≥ 0.90 was 63.1%, 55.1%, 51.9%, and 48.4% 
for the rivaroxaban, apixaban, dabigatran, and warfarin cohorts, 
respectively, which represented even more pronounced ADs 
between rivaroxaban users and apixaban (AD = 8.0%), dabiga-
tran (AD = 11.2%), and warfarin users (AD = 14.7%, all P < 0.001; 
Figure 2B).

Treatment Persistence and Time to Discontinuation
Table 3 presents Kaplan-Meier rates of persistence to therapy 
for rivaroxaban, apixaban, dabigatran, and warfarin users 
evaluated at 3, 6, 9, and 12 months; these rates showed a 
higher persistence for rivaroxaban users compared with other 
OAC users at all time points evaluated. Patients treated with  
rivaroxaban were also significantly less likely to discontinue 
therapy at 3, 6, 9, and 12 months compared with those treated 

64.2, and 62.9 years for the rivaroxaban, apixaban, and dabiga-
tran cohorts, respectively, while warfarin patients were slightly 
older (mean age of 66.1 years). The most prevalent risk factors 
were hypertension (71%-75%), hyperlipidemia (53%-60%), 
coronary heart disease (31%-38%), and diabetes (27%-31%). 

On average, the NOAC cohorts were similar; however, nota-
ble differences existed at baseline between warfarin users and 
NOAC users. The warfarin cohort had higher Quan-Charlson 
Comorbidity Index, CHA2DS2-VASc, and HAS-BLED scores 
than the rivaroxaban, apixaban, and dabigatran cohorts (all  
P values < 0.001, data not shown). The warfarin cohort also 
had more hospitalizations and higher total hospitalization 
costs relative to each NOAC cohort during the 6-month base-
line period. Of note, NOAC users were more likely to have 
previously used anticoagulant agents than warfarin users (all  
P values < 0.001, data not shown). 

Treatment Patterns and Medication Adherence
Table 2 presents the treatment patterns and the unadjusted 
adherence results of rivaroxaban, apixaban, dabigatran, and 
warfarin users. The proportion of patients with PDC ≥ 0.80 at 
6 months was significantly higher in the rivaroxaban cohort 
(80.1%) compared with the apixaban (75.8%), dabigatran 
(69.2%), and warfarin (64.5%) cohorts (all P < 0.001). The 
proportion of patients with PDC ≥ 0.90 was 63.5%, 56.9%, 
51.3%, and 47.1% for the rivaroxaban, apixaban, dabiga-
tran, and warfarin cohorts, respectively. The mean MPR was  

0
10
20
30
40
50
60
70
80
90

100

Pe
rc

en
ta

ge
 o

f S
ub

je
ct

s 
 

w
ith

 P
D

C
 ≥ 

0.
80

Rivaroxaban 
Cohort

Apixaban 
Cohort

Dabigatran 
Cohort

Warfarin 
Cohort

79.9
n = 13,645 74.1

n= 6,304
70.4

n = 3,360
66.3

n = 13,366

Anticoagulants

Rivaroxaban versus:
Apixaban:  absolute difference = 5.8%; P < 0.001
Dabigratran:  absolute difference = 9.5%; P < 0.001
Warfarin:  absolute difference = 13.6%; P < 0.001

0
10
20
30
40
50
60
70
80
90

100

Pe
rc

en
ta

ge
 o

f S
ub

je
ct

s 
 

w
ith

 P
D

C
 ≥ 

0.
90

Rivaroxaban 
Cohort

Apixaban 
Cohort

Dabigatran 
Cohort

Warfarin 
Cohort

63.1
n = 13,645 55.1

n = 6,304
51.9

n = 3,360
48.4

n = 13,366

Anticoagulants

Rivaroxaban versus:
Apixaban:  absolute difference = 8.0%; P < 0.001
Dabigratran:  absolute difference = 11.2%; P < 0.001
Warfarin:  absolute difference = 14.7%; P < 0.001

A. Percentage of Subjects with PDC ≥ 0.80 at 6 Months B. Percentage of Subjects with PDC ≥ 0.90 at 6 Months

FIGURE 2 Adjusted Adherence of OAC Cohortsa: PDC Percentages at 6 Months 

aAdjusted adherence was calculated as the predicted probability of PDC ≥ 0.80 or PDC ≥ 0.90 based on multivariable logistic regression.
OAC = oral anticoagulant; PDC = proportion of days covered.
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Recent studies have evaluated medication adherence of 
chronic NOAC users as defined by PQA criteria, and a 3-5 
percentage point difference was found in the proportion of 
patients adherent to therapy in favor of rivaroxaban users 
compared with apixaban; a corresponding 5-8 percentage 
point difference was found in favor of rivaroxaban compared 
with dabigatran users.22 Some studies have shown a similar or 
higher adherence to apixaban than rivaroxaban; however, there 
were key differences in study designs that may explain this.23,24 
Studies with single-center, trial-like designs may not represent 
real-world practice, since they have direct patient support 
throughout the study follow-up. Consequently, they have sig-
nificantly higher adherence rates compared with multicenter 
observational studies.23 Also, a study where apixaban com-
pared favorably with the other NOAC agents did not balance 
the observed time period between cohorts, which increased 
the risk of bias when comparing adherence.24 Comparison of 
adherence between drugs approved at different points in time 
may lead to biased results in favor of the newest agent, which 
was the case with apixaban. Moreover, requiring patients to 
have at least 2 dispensings, as was the case in our study, would 
increase the likelihood of accurately measuring adherence in 
chronic anticoagulant users.

with other OAC agents (Table 3). Similar discontinuation pat-

terns were observed in sensitivity analyses using gaps of more 

than 15 and 45 days to define discontinuation, since rivaroxa-

ban users were significantly less likely to discontinue therapy 

compared with other OAC users (all P values < 0.05; except 

rivaroxaban vs. apixaban at 9 and 12 months in the gaps of 

more than 45 days sensitivity analysis). 

■■  Discussion
This study assessed real-world medication adherence to OAC 

agents (rivaroxaban, apixaban, dabigatran, and warfarin) 

among patients with NVAF using U.S. health care claims data 

from July 2012 to June 2015. Rivaroxaban was associated with 

significantly higher adherence rates relative to other OACs 

whether using an unadjusted or adjusted PDC of ≥ 0.80. For 

adverse events with potentially serious consequences, such as 

a stroke, a stricter threshold may be considered to define adher-

ence to therapy. More pronounced differences in adherence 

were found with an adherence threshold of 0.90. Rivaroxaban 

users were also found to be less likely to discontinue their 

therapy compared with other OAC users.

TABLE 3 Kaplan-Meier Rates of Persistence and Time to Discontinuation Between Rivaroxaban  
and Other OAC Agents

Adherence

Survival Function Adjusted Hazard Ratios (95% CI)a

Rivaroxaban 
Cohort 

[A] 
(n = 13,645) 

(%)

Apixaban 
Cohort 

[B] 
(n = 6,304) 

(%)

Dabigatran 
Cohort 

[C] 
(n = 3,360) 

(%)

Warfarin 
Cohort 

[D] 
(n = 13,366) 

(%) [A] vs. [B] [A] vs. [C] [A] vs. [D]

Time period after index date

N
o 

ga
p 

 
> 

30
 d

ay
s 3 months 86.0 83.4 77.3 75.3  0.78 (0.72-0.84)b  0.64 (0.59-0.70)b  0.61 (0.57-0.65)b

6 months 78.2 75.8 67.2 62.6  0.83 (0.78-0.89)b  0.67 (0.62-0.71)b  0.59 (0.56-0.63)b

9 months 69.3 68.1 57.8 51.5  0.88 (0.83-0.93)b  0.70 (0.66-0.74)b  0.61 (0.58-0.64)b

12 months 59.7 59.0 47.8 41.2  0.91 (0.86-0.95)b  0.71 (0.67-0.75)b  0.63 (0.60-0.65)b

Time period after index date

N
o 

ga
p 

 
> 

15
 d

ay
s 3 months 76.1 70.7 65.6 61.5  0.77 (0.72-0.82)b  0.69 (0.65-0.74)b  0.64 (0.61-0.68)b

6 months 63.4 58.4 51.1 43.7  0.82 (0.78-0.86)b  0.71 (0.67-0.75)b  0.61 (0.59-0.64)b

9 months 51.4 48.3 39.7 31.9  0.86 (0.82-0.90)b  0.73 (0.70-0.77)b  0.63 (0.61-0.65)b

12 months 40.2 38.6 29.8 22.6  0.89 (0.86-0.93)b  0.75 (0.71-0.78)b  0.64 (0.62-0.67)b

Time period after index date

N
o 

ga
p 

 
> 

45
 d

ay
s 3 months 90.4 89.9 84.5 82.3  0.86 (0.78-0.95)b  0.68 (0.61-0.75)b  0.60 (0.56-0.65)b

6 months 85.1 85.1 76.7 73.1  0.89 (0.82-0.97)b  0.68 (0.62-0.74)b  0.60 (0.56-0.64)b

9 months 78.0 79.1 68.6 63.9  0.95 (0.89-1.02)  0.71 (0.66-0.76)b  0.63 (0.59-0.66)b

12 months 69.9 71.9 59.0 54.2  0.98 (0.92-1.04)  0.72 (0.68-0.77)b  0.64 (0.61-0.68)b

aCalculated using Cox’s proportional hazards model adjusting for age, gender, region, insurance type, month and year of index date, Quan-Charlson Comorbidity Index 
score, CHA2-DS2-VASc score, HAS-BLED score, VTE and THA/TKA at baseline, use of oral anticoagulant at baseline, number of different drug classes used at baseline, 
baseline total health care cost, index medication copayment, number of factors associated with nonadherence, and risk factors for bleeding and strokes.
bP ≤ 0.05.
CI = confidence interval; OAC = oral anticoagulant; THA = total hip replacement; TKA = total knee replacement; VTE = venous thromboembolism.
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Variable Odds Ratio (95% CI)

Cohort 
Rivaroxaban cohort Reference
Apixaban cohort  0.72 (0.67-0.78)b

Dabigatran cohort  0.60 (0.55-0.65)b

Warfarin cohort  0.50 (0.47-0.53)b

Demographicsc 

Age ≥ 65 years  1.13 (1.05-1.22)b

Female  0.93 (0.88-0.98)b

Regionc 
South Reference
Midwest  1.22 (1.15-1.30)b

Northest  1.11 (1.04-1.19)b

West  1.10 (1.00-1.21)b

Insurance planc 

PPO Reference
CDHP  1.16 (0.85-1.60)
HMO  0.97 (0.90-1.04)
HAS  1.29 (0.13-12.75)
Indemnity/traditional  1.08 (0.97-1.20)
POS  0.99 (0.88-1.13)
Unknown  1.28 (1.05-1.57)b

Comorbidity index scoresd 

Charlson Comorbidity Index score 
0 Reference
1  1.00 (0.93-1.07)
≥ 2  1.09 (1.00-1.18)b

CHA2DS2-VASc score 
0 Reference
1  1.17 (1.04-1.31)b

≥2  1.33 (1.15-1.54)b

HAS-BLED score 
0 Reference
1  0.99 (0.88-1.11)
≥ 2  0.99 (0.85-1.16)

Comorbidityd 
VTE  1.05 (0.95-1.15)
THA/TKA  0.76 (0.64-0.89)b

Baseline medicationd 

Any oral anticoagulant at baseline  1.37 (1.28-1.46)b

Number of different drug classes at baseline  1.00 (1.00-1.01)
Total baseline health care cost, $US 2015d  1.00 (1.00-1.00)
Index medication copayment, $US 2015c  1.01 (1.00-1.01)
Comorbidities, substance abuse, stress, and social risk factors associated with nonadherenced,e

0 Reference
1  0.99 (0.93-1.05)
≥2  0.88 (0.72-1.07)
Risk factors for stroked,f

Hypertension  0.98 (0.90-1.07)
Diabetes  0.93 (0.87-0.99)b

Previous stroke/TIA  1.12 (1.03-1.21)b

Hyperlipidemia  1.04 (0.99-1.10)
Coronary heart disease  0.91 (0.86-0.97)b

Heart failure  0.89 (0.83-0.94)b

COPD  0.98 (0.90-1.06)

APPENDIX Multivariate Logistic Regression Modela: PDC ≥ 0.80 at 6 Months

continued on next page
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Variable Odds Ratio (95% CI)

Risk factors for stroked,f

Obesity  1.03 (0.96-1.10)
Depression  0.88 (0.80-0.97)b

Smoking  0.98 (0.79-1.23)
Risk factors for bleedingd,f

Anemia  0.92 (0.86-0.99)b

Renal disease  1.07 (0.94-1.22)
Excessive fall risk (Parkinson’s disease, dementia, and psychiatric disease)  1.09 (0.97-1.22)
CKD  0.82 (0.71-0.95)b

Nondependent abuse of drugs  0.94 (0.70-1.26)
aModel includes a fixed effect for month of index date.
bDenotes statistical significance (P value < 0.05).
cEvaluated at index date.
dEvaluated during 6-month baseline period.
eIncludes mental disorders, substance abuse, rheumatoid arthritis, isolation, and stress.
fOnly risk factors with a proportion of patients over 5% were adjusted for.
CDHP= consumer-directed health care; CI = confidence interval; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; HMO = health maintenance 
organization; HSA = health savings account; POS = point of service; PPO = preferred provider organization; THA = total hip replacement; TIA = transient ischemic attack; 
TKA = total knee replacement; VTE = venous thromboembolism.

APPENDIX Multivariate Logistic Regression Modela: PDC ≥ 0.80 at 6 Months (continued)
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