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ABSTRACT

BACKGROUND: Warfarin has a long history of use to reduce the risk of 
stroke in patients with atrial fibrillation (AF), but it requires frequent labo-
ratory monitoring to maintain international normalized ratio levels in the 
therapeutic range. Dabigatran, a novel oral anticoagulant (OAC), has dem-
onstrated efficacy in reducing the risk of stroke and systemic embolism 
and does not require laboratory monitoring.

OBJECTIVE: To compare health care resource utilization (HCRU) and costs 
of OAC-naive patients newly diagnosed with nonvalvular atrial fibrillation 
(NVAF), using dabigatran or warfarin.

METHODS: This retrospective observational study used data from medical 
and pharmacy claims extracted from the HealthCore Integrated Research 
Database representing commercial and Medicare Advantage members. 
Adults aged > 18 years with a medical diagnosis claim of NVAF were identi-
fied between October 1, 2010, and December 31, 2011. The date of first 
observed OAC prescription claim was the index date. Patients were fol-
lowed for up to 12 months after the index date. Patients were assigned 
to the dabigatran or warfarin treatment groups based on their first OAC 
prescription fills. To reduce potential for selection bias, the cohorts were 
matched on baseline characteristics using propensity score matching. HCRU 
was measured and compared between groups on a per-patient-per-month 
(PPPM) basis for all-cause HCRU, as well as stroke, myocardial infarction, 
and bleed-specific HCRU. Pharmacy, medical, and total costs were also 
compared and adjusted to 2012 U.S. dollars. Generalized linear models were 
conducted to compare all-cause health care costs between cohorts.

RESULTS: After propensity score matching, 1,648 patients were included in 
the analysis (824 each in the dabigatran and warfarin treatment groups). 
In the post-index period, patients in the dabigatran group had significantly 
fewer all-cause PPPM physician office visits (mean [SD] 1.29 [± 0.95] vs. 
2.02 [± 1.53], P < 0.001) and outpatient visits (mean [SD] 2.17 [± 2.90]  
vs. 3.52 [± 3.32], P < 0.001) compared with those in the warfarin group. 
There were no between-group differences in outcomes for the number of 
stroke, myocardial infarction, or bleeding-related office visits. All-cause 
medical costs for the dabigatran cohort were lower than the warfarin 
cohort; however, the difference did not reach statistical significance 
($2,696 [SD ± $6,699] vs. $2,893 [± $6,819], P = 0.179). All-cause phar-
macy costs were higher in the dabigatran group versus the warfarin 
group ($455 [± $429] vs. $328 [± $517], P < 0.001). The dabigatran cohort 
also had significantly higher stroke-related ($32 [± $71] vs. $20 [± $55], 
P = 0.006) and nonstroke-related pharmacy costs ($423 [± $422] vs. $308 
[± $515], P < 0.001). Despite higher pharmacy costs for the dabigatran 
cohort, both treatment groups had statistically similar all-cause total costs 
($3,151 [± $6,744] vs. $3,221 [± $6,869], P = 0.701).

CONCLUSIONS: This real-world study showed that among patients newly 
diagnosed with NVAF who were OAC naive, dabigatran use was associated 
with significantly less HCRU in terms of physician and outpatient visits but 

RESEARCH

Atrial fibrillation (AF), the most common type of arrhyth-
mia, affects as many as 1% of the U.S. population.1 In 
the United States, more than 95% of all AF cases are 

classified as nonvalvular (NV),2 which is AF in the absence of 
mitral stenosis or valvular prostheses.3 AF is an independent 
risk factor for stroke,4 which more than quadruples a person’s 

• Atrial fibrillation (AF) is an independent risk factor for stroke, 
and anticoagulation therapy is critical to reduce the risk of stroke 
among patients with AF.

• Warfarin has a long history of use to reduce the risk of stroke 
in patients with AF but requires frequent laboratory monitor-
ing, whereas dabigatran, a novel oral anticoagulant (OAC), has 
demonstrated efficacy in reducing the risk of stroke and does not 
require laboratory monitoring.

• Previous studies have shown lower emergency department and 
outpatient visits and comparable total health care costs for dabi-
gatran users among newly diagnosed and newly treated nonval-
vular (NV) AF patients.

What is already known about this subject

• In addition to including driver-related (stroke, bleed, and MI) 
health care resource utilization (HCRU) and cost analyses, this 
study  strengthens the findings from previous studies.

• This study found, as expected, higher pharmaceutical costs for the 
branded dabigatran users; however, the use of dabigatran was asso-
ciated with less HCRU in terms of physician and outpatient visits.

• Components of lower medical costs offset higher pharmacy costs 
(in up to 12 months follow-up period) for dabigatran users, making 
the total cost comparable between dabigatran and warfarin users.

What this study adds

higher pharmaceutical costs in up to 12 months of follow-up. Similar to 
other real-world studies, this research supports the finding that higher phar-
macy costs for dabigatran users was offset by lower medical costs, making 
total health care costs comparable between dabigatran and warfarin.
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stroke risk and accounts for 15% of all strokes in the United 
States, of which 30% are among people aged 80 to 89 years.4,5 
It is expected that more than 12 million people in the United 
States will have AF by 2030.1,6

The economic outcomes of stroke events can be devastating. 
The estimated direct cost of stroke in the United States was 
$28.3 billion in 2010 and is expected to increase to $95.6 bil-
lion by 2030, with indirect costs (including loss of productiv-
ity) estimated to grow from $25.6 billion in 2010 to $44.4 bil-
lion by 2030.4 In a study using real-world data, Naccarelli et al. 
(2015) showed that NVAF patients who had a stroke or major 
bleeding event had substantially higher health care-related 
costs.7 The authors analyzed administrative claims from U.S. 
commercial and Medicare health plans and found that patients 
who had strokes incurred $4,669 higher health care costs  
(all-cause unadjusted per patient per month [PPPM]) than 
patients with NVAF who did not have strokes or major bleeding.7

To reduce the risk of stroke in patients with AF, antico-
agulation therapy is critical.8,9 Oral anticoagulants (OACs) are 
easy to administer and are recommended for patients with AF 
to reduce the long-term risk of stroke.10 The CHADS2 score, a 
composite measure of the presence of congestive heart failure, 
hypertension, age (75 years or older), diabetes mellitus, and 
previous stroke or transient ischemic attack, is a validated 
predictor of stroke risk.11 Antithrombotic guidelines issued by 
the American College of Chest Physicians recommend OACs 
for patients with an intermediate risk of stroke (CHADS2 score 
of 1) and OACs rather than aspirin or a combination of aspirin 
and clopidogrel for patients with a high risk of stroke (CHADS2 
score of 2 or higher).12

Warfarin has a long history of reducing stroke risk in 
patients with AF.10 However, managing patients on warfarin 
can be challenging because of the need to achieve and maintain 
the therapeutic level of international normalized ratio (INR) 
between 2.0 and 3.0. Values outside this range can lead to over- 
or undercoagulation,13,14 which in turn may lead to thrombosis 
or bleeding. Despite the importance of maintaining warfarin 
within a therapeutic range, it has been shown that nearly 50% 
of AF patients who have a stroke have inadequate anticoagu-
lation (INR < 1.5) values, and 30% of patients are not taking 
warfarin at the time of their strokes.13 Moreover, studies have 
shown that patients maintain a target INR level only approxi-
mately 50% of the time,15 and up to one third of AF patients 
newly initiated on warfarin discontinue therapy within the 
first year of treatment.16,17 Since INR monitoring is required at 
least monthly, and sometimes as often as twice weekly,18 such  
coordinated care has the potential to substantially increase 
cost. A 2010 systematic review of 29 studies found that the cost 
of a single INR monitoring test ranged from $6.19 to $145.70 
in 2006 U.S. dollars.19

Compared with warfarin, newer OACs have a valued role in 
reducing the risk of stroke and improving health outcomes for 
patients with AF, since they do not require frequent coagula-
tion monitoring and associated dose adjustments, which can 
lead to savings in health care costs. Dabigatran, the first OAC to 
become available in more than 50 years, was approved by the 
U.S. Food and Drug Administration in 2010 for the prevention 
of stroke in patients with NVAF.20 The dabigatran clinical trial 
Randomized Evaluation of Long-Term Anticoagulation Therapy 
(RE-LY) demonstrated that the agent was associated with sig-
nificantly lower rates of stroke and systemic embolism, as well 
as fewer intracranial hemorrhages, compared with warfarin.21 
As a patented medication, dabigatran has higher pharmacy 
costs than warfarin, which is a generic product. Dabigatran 
has been shown to have a higher persistence rate than warfa-
rin,22 which also may add to pharmacy costs. Offsetting these 
pharmacy costs, however, is the reduced need for frequent INR 
monitoring, which is not required for those receiving dabiga-
tran, as well as lower rates of associated complications such 
as stroke, systemic embolism, and intracranial hemorrhages.21

Recent retrospective studies have shown that among newly 
diagnosed NVAF patients, dabigatran users, in comparison with 
warfarin users, had lesser length of stay for AF-related hospital-
izations, along with associated costs; however, they had similar 
30-day readmission rates.23 Other studies have evaluated all-
cause health care resource utilization (HCRU) and costs and 
found that dabigatran use was associated with lower resource 
utilization across all settings and that costs were similar despite 
higher pharmacy-related costs.24,25 A recent study also evaluated 
HCRU by specific drivers.25 This study found that stroke-related 
hospitalizations and physician office visits and bleed-related 
emergency department (ED) visits were lower for the dabigatran 
cohort compared with the warfarin cohort. 

Given the better efficacy of branded dabigatran and no need 
for expensive INR testing, the purpose of our study was to 
explore the overall and driver-related effect of using dabigatran 
over warfarin on HCRU and costs for patients with NVAF, 
using real-world data. 

■■  Methods
Data Source
In this retrospective observational study, medical and phar-
macy claims and eligibility information were extracted from 
the HealthCore Integrated Research Database (HIRD), which 
is one of the largest datasets of commercially insured U.S. 
residents, containing claims from 14 geographically dispersed 
health plans representing 45 million lives. HIRD is compa-
rable with U.S. Census data, with the HIRD population being 
slightly younger, since all members are commercially insured.

All claims data used were deidentified and accessed with 
protocols compliant with the Health Insurance Portability and 
Accountability Act of 1996 regulations. No waiver of informed 
consent was required from an institutional review board.
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Patients were assigned to either the dabigatran (Generic 
Product Identifier [GPI] code starting with 8337030) or warfa-
rin (GPI code starting with 83200030) treatment group based 
on their first OAC prescription fill. Discontinuation of the 
index OAC medication was defined as a treatment gap of more 
than 30 days from the end of the calculated days supplied.

Pre-index Characteristics
Patient demographic characteristics, including age, gender, 
geographic region, and type of health plan, were captured at 
baseline. In addition, the provider specialty of the OAC pre-
scribing physician was also recorded.

At the pre-index assessment, comorbidities were evalu-
ated using the Deyo-Charlson Comorbidity Index (DCI) and 
the Elixhauser Comorbidity Index (ECI).27,28 Other specific 
comorbidities assessed during the pre-index period included 
cancer, rheumatoid arthritis, coronary artery disease, acute 
myocardial infarction (MI), cardiomyopathy, ischemic stroke, 
transient ischemic attack, heart failure, atrial flutter, hyper-
tension, peripheral artery disease, liver disease, renal disease, 
chronic obstructive pulmonary disease/emphysema, diabetes, 
peptic ulcer/gastroesophageal reflux disease, venous throm-
boembolism, hyperlipidemia, thrombocytopenia, chronic ane-
mia, coagulopathy, and bleeding at any position. Stroke risk 
was assessed for the pre-index period using the CHADS2 
and CHADS2-VASc (congestive heart failure/left ventricular 
dysfunction, hypertension, age 75 years or older [doubled], 
diabetes, stroke [doubled], vascular disease, age 65-74 years, 
sex category [female]), stroke risk scores,29,30 and bleeding risk 
was assessed using the HEMORR2HAGES score (hepatic/renal 
disease, ethanol abuse, malignancy history, older age [greater 
than 75 years], reduced platelet count or function, rebleeding 
risk [history of past bleeding], hypertension [uncontrolled], 
anemia, genetic factors, excessive fall risk, and stroke history). 
Pre-index use of enoxaparin, dalteparin fondaparinux, beta 
blockers, calcium channel blockers, diuretics, other antihyper-
tensives, antihyperlipidemics, corticosteroids, antidiabetics, 
antiarrhythmics, antiplatelets, ketoconazole, and nonsteroidal 
anti-inflammatory drugs was also assessed.31 The time to index 
OAC was defined as the period between the first AF diagnosis 
observed in the pre-index period and the index date.

Propensity Score Matching
To reduce potential selection bias, the study cohorts were 
matched on baseline characteristics using the propensity score 
matching method. The nearest neighbor method of propensity 
score matching within a caliper of 0.02 was used to select the 
matched samples. Propensity score regression controlled for 
patient demographics (e.g., age and gender); health plan type; 
geographic region; quarter of index date; pre-index medi-
cal and pharmacy expenditure; specialty of prescriber of the 

Study Design
Medical and pharmacy claims between October 1, 2009, and 
December 31, 2012, were used in the analysis. This period was 
defined as the study period. The index date for each patient 
was defined as the date of the first OAC prescription between 
October 1, 2010, and December 31, 2011; the first observed OAC 
prescription was identified as the index OAC. The 12 months 
before the index date was considered the pre-index period.

To increase the likelihood of association between outcomes 
and the index OAC, patients were followed for up to 12 months 
after the index date and were censored on the discontinuation 
date of the index OAC, switch to a different anticoagulant 
from the index OAC, disenrollment from the health plan, or 
end of the observation period, whichever occurred first. Since 
the patients had variable follow-up, HCRU and costs during 
the follow-up period were calculated on a PPPM basis. Patients 
included in the analysis had Medicare Advantage or were com-
mercially insured.

Study Population
Adults who were aged 18 years or older with newly diagnosed 
NVAF and who were OAC naive were identified. Patients were 
considered newly diagnosed if the claim for the first observed 
AF diagnosis was on the index date or within 3 months before 
the index date.22 Patients were considered OAC naive if they 
did not have a pharmacy claim for an OAC (warfarin and 
dabigatran) during the pre-index period (12 months before the 
index date).

Patients were included in the analysis if they were continu-
ously enrolled in a health plan during the 12-month pre-index 
period, although no minimum eligibility was required during 
the follow-up period. During the pre-index period, all patients 
were required to have at least 1 inpatient hospitalization,  
2 physician office visits, or 2 ED visits or 1 office and 1 ED 
visit with a diagnosis of AF on distinct service dates. To ensure 
that patients were truly treated with index OACs, they were 
required to have least 2 fills of the index OAC during the 
follow-up period, including a fill on the index date. To define 
NVAF, patients were excluded from the analysis if they had 
a diagnosis of hyperthyroidism (International Classification 
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] 
diagnosis code 242.x),26 a medical claim for valvular heart  
disease in the pre-index period (Appendix A, available in 
online article), or a claim within 3 months of the first observed 
diagnosis of AF for cardiac surgery (ICD-9-CM procedure 
codes 00.5x, 35.xx, 36.xx, or 37.xx); pericarditis (ICD-9-CM 
diagnosis codes 391.x, 393, 420.x, 423.2, 0.36.41, 074.21, 
093.81, or 098.83); myocarditis (ICD-9-CM diagnosis codes 
391.2, 422.xx, 074.23, 398.0, 429.0, 032.43, 093.82, or 130.3); 
or pulmonary embolism (ICD-9-CM diagnosis code 415.1x).
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index OAC; pre-index (DCI) score32; stroke risk scores (i.e., 
CHADS2); bleeding risk scores (i.e., HEMORR2HAGES); pre-
index comorbidities; pre-index medications; and time from the 
first observed AF diagnosis to index OAC treatment.

To test the robustness of the results and compare against 
the study sample, a sensitivity analysis was performed on 
OAC-naive patients previously diagnosed with NVAF. Patients 
were considered as previously diagnosed if the claim for first 
observed AF diagnosis appeared between 12 and 3 months 
before the index date.

Outcomes of Interest
HCRU was assessed for the entire follow-up period using infor-
mation from medical and pharmacy claims. Because of variable 
follow-up, HCRU was measured on a PPPM basis and was cal-
culated by dividing the total number of ED, inpatient hospital, 
physician office, and outpatient visits by the days of follow-up 
and multiplying the result by 30.

Pharmacy, medical, and total costs (medical plus phar-
macy costs) were assessed. All costs were adjusted to 2012 
U.S. dollars using the medical component of the Consumer 
Price Index. 

HCRU and costs were evaluated in terms of type of service 
(e.g., inpatient hospitalization, ED visit, or physician office 
visit) for all-cause, as well as stroke-related, conditions (i.e., 
ischemic stroke ICD-9-CM diagnosis codes 433.x1, 434.x1, 
and 436 at any position33); MI-related conditions (ICD-9-CM 
diagnosis codes 410.xx at any position); and bleeding-related 

conditions (e.g., gastrointestinal bleeding or intracranial bleed-
ing34; Appendix B, available in online article). The AF-related 
pharmacy costs included pharmacy costs for cordarone, mori-
cizine hydrochloride, propafenone and flecainide, dronedar-
one, betapace, dofetilide, disopyramide and Quinidine.

Statistical Analysis
All study variables were analyzed descriptively. Means (± stan-
dard deviation [SD]) and medians were reported for continuous 
variables, and frequencies (%) were reported for categorical 
variables. For the paired cohort comparison, the McNemar 
test was used for nominal variables; the Wilcoxon signed rank 
test was used for ordinal variables or discrete non-normal 
continuous variables; and paired t-tests were used for interval 
variables.

The multivariable analyses were conducted for the PPPM 
total cost (i.e., medical plus pharmacy costs). Because of the 
non-normal distribution and skewed nature of cost data, 
statistical comparisons were conducted using a generalized 
linear model (GLM) approach. Because a negligible number 
of patients (3 of 1,648 patients) had zero cost, a 2-part cost 
model was not used. The appropriate family of the distribution 
was chosen using the modified Park test GLMs with gamma 
distribution, and log link function was used to estimate the dif-
ference in costs between the dabigatran and warfarin treatment 
groups. The appropriateness of using log link for the chosen 
family of distribution was tested using the modified Park test 
and modified Hosmer-Lemeshow goodness-of-fit test.

Total patients in HIRD during patient identification period N = 13,582,416
Patients with at least 1 inpatient or 2 physician office visits or emergency department 
 visits or a combination of the 2 on distinct service dates with diagnosis of AF  
(ICD-9-CM diagnosis code 427.31, at any position) during study period

n = 148,986

 
Dabigatran Cohort 

n
Warfarin Cohort 

n

Patients with at least 1 pharmacy claim of dabigatran or warfarin during patient  
identification period

8,641 41,311

 n Remaining % n Remaining %

Patients continuously enrolled in a health plan for a minimum of 12 months before index date 7,080 81.9 31,431 76.1
Patients aged 18 years or older on index date 7,079 100.0 31,427 100.0
Patients without diagnosis of hyperthyroidism within 12 months before index date 6,932 97.9 30,794 98.0
Patients without cardiac surgery, pericarditis, myocarditis, or pulmonary embolism within  
3 months before first AF diagnosis

6,751 97.4 29,619 96.2

Patients without valvular heart disease within 12 months before index date 6,644 98.4 28,615 96.6
Patients left after exclusion of those who were previously treated with warfarin 6,308 94.9 27,655 96.6
Patients left after exclusion of those with multiple OACs on index date 6,286 99.7 27,655 100.0
Patients with at least 2 fills of index OAC during post-index period (including index fill) 4,646 73.9 22,001 79.6
Patients newly diagnosed with NVAF and OAC treatment naive 1,197 25.8 2,501 11.4
Patients previously diagnosed with NVAF and OAC treatment naive 959 80.1 2,220 88.8

AF = atrial fibrillation; HIRD = HealthCore Integrated Research Database; ICD-9CM = International Classification of Diseases, Ninth Revision, Clinical Modification; 
NVAF = nonvalvular atrial fibrillation; OAC=oral anticoagulant.

TABLE 1 Attrition for Commercially Insured and Medicare Advantage Patients
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The multivariable model was adjusted for patient demo-
graphics, geographic region, health plan types, ECI score, 
CHADS2 score, HEMORR2HAGES score, and index OAC 
provider specialty. All data analyses were conducted using 
SAS version 9.1 (SAS Institute, Cary, NC) or Stata version 11.2 
(StataCorp, College Station, TX).

■■  Results
Baseline Characteristics
A total of 26,647 patients met the study inclusion criteria 
(4,646 in the dabigatran treatment group and 22,001 in the 
warfarin treatment group), of which 3,698 patients (1,197 
in the dabigatran treatment group and 2,501 in the warfarin 

Variables

Before PSM After PSM

Dabigatran Cohort 
(n= 1,197)

Warfarin Cohort 
(n = 2,501)

P  
Valuea

Dabigatran Cohort 
(n = 824)

Warfarin Cohort 
(n = 824)

P  
Valueb

Gender, n (%) 
Male  866 (72)  1,476 (59)   551 (67)  556 (67)  
Female  331 (28)  1,025 (41) < 0.001  273 (33)  268 (33) 0.791

Age, years
Age, mean (SD)  63 (±11.2)  69 (±12.4) < 0.001  64 (±11.6)  64 (±11.9) 0.759

Region of residence, n (%)
South  399 (33)  539 (22)   236 (29)  235 (29)  
Midwest  356 (30)  1,044 (42)   281 (34)  277 (34)  
Northeast  247 (21)  605 (24)   196 (24)  195 (24)  
West  195 (16)  313 (13) < 0.001  111 (13)  117 (14) 0.981

Health plan type 
PPO  759 (63)  1,266 (51)   493 (60)  512 (62)  
HMO  280 (23)  977 (39)   226 (27)  208 (25)  
Medicare Advantage only  185 (15)  1,094 (44) < 0.001  185 (22)  176 (21) 0.537
CDHP  100 (8)  114 (5)S 0.079  61 (7)  56 (7) 0.617
FFS  58 (5)  144 (6)   44 (5)  48 (6)  

Selected comorbidities, n (%)
Hypertension  797 (67)  1,938 (77) < 0.002  584 (71)  574 (70) 0.599
Hyperlipidemia  563 (47)  1,253 (50) 0.081  387 (47)  396 (48) 0.651
Coronary artery disease  315 (26)  949 (38) < 0.001  249 (30)  259 (31) 0.583

Deyo-Charlson Comorbidity Index score, mean (SD)  1.52 (±1.81)  2.63 (±2.39) < 0.001  1.85 (±1.96)  1.91 (±1.94) 0.760
Elixhauser Comorbidity Index score, mean (SD)  4.13 (±2.03)  5.43 (±2.56) < 0.001  4.51 (±2.12)  4.54 (±2.15) 0.666
CHADS2 stroke risk score, mean (SD)  1.40 (±1.14)  2.10 (±1.33) < 0.001  1.62 (±1.18)  1.60 (±1.18) 0.815
HEMORR2HAGES bleeding risk score, mean (SD)  1.37 (±1.23)  2.33 (±1.65) < 0.001  1.60 (±1.31)  1.63 (±1.33) 0.450
Concomitant medications (by class), n (%)

Beta blockers  606 (51)  1,241 (50) 0.567  404 (49)  410 (50) 0.759
Calcium channel blockers  343 (29)  703 (28) 0.730  243 (29)  244 (30) 0.957
Diuretics  330 (28)  863 (35) < 0.001  259 (31)  250 (30) 0.635
Other antihypertensives  639 (53)  1,345 (54) 0.822  446 (54)  443 (54) 0.885

Index OAC prescribing provider specialty, n (%)
Cardiology  536 (45)  628 (25)  309 (38)  314 (38)
Primary care physicianc  203 (17)  936 (37)  194 (24)  183 (22)
Other/unknown  458 (38)  937 (37) < 0.001  321 (39)  327 (40) 0.809

Time to index OAC,d mean days (SD)  19.50 (±23.11)  19.65 (±22.72) 0.001  18.70 (±22.58)  18.73 (±22.64) 0.975
Pre-index medical costs, mean (SD)  20,018 (±30,749)  36,992 (±65,226) < 0.001  23,360 (±34,990)  24,724 (±31,184) 0.082
Pre-index pharmacy costs, mean (SD)  2,947 (±5,787)  2,759 (±6,926) 0.079  2,845 (±4,800)  2,979 (±4,947) 0.991
aT-test or Wilcoxon signed rank test was used for continuous variables, and chi-square test was used for categorical variables.
bMcNemar test was used for nominal variables; Wilcoxon test was used for ordinal variables or discrete/non-normal continuous variables; and paired t-test was used for 
continuous variables.
cIncludes internal medicine and family/general practice.
dTime from the first observed atrial fibrillation diagnosis to the index OAC refill, in days.
CDHP = consumer-directed health plan; FFS = fee for service; HMO = health maintenance organization; NVAF = nonvalvular atrial fibrillation; OAC = oral anticoagulant; 
PPO = preferred provider organization; PSM = propensity score matching; SD = standard deviation.

TABLE 2 Baseline Demographic Characteristics of Patients Newly Diagnosed with NVAF in OAC-Naive 
Dabigatran and Warfarin Cohorts Before and After Propensity Score Matching
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non–AF-related pharmacy costs ($423 [SD ± $422] vs. $308 
[SD ± $515], P < 0.001), respectively. Both treatment groups 
had statistically similar all-cause total costs, although the 
point estimate was lower for the dabigatran cohort ($3,151 
[SD ± $6,744] vs. $3,221 [SD ± $6,869], P = 0.701). 

Costs for inpatient hospitalizations, ED visits, and out-
patient visits were similar between the 2 treatment groups 
for all-cause stroke-, MI-, and bleeding-related costs in the 
post-index period (Table 4). All-cause PPPM physician office 
visit costs were significantly lower in the dabigatran group 
($197 [SD ± $545]) compared with the warfarin group ($232 
[SD ± $351], P < 0.001); however, stroke-, MI-, and bleeding-
related physician office visit costs were similar between the 
2 groups. The dabigatran cohort had lower outpatient visit 
costs than the warfarin cohort; however, the difference did 
not reach statistical significance ($946 [SD ± $2,015] vs. $1,067 
[SD ± $2,350], P = 0.621). 

Multivariable Analysis
After adjusting for baseline health care costs, demographics, 
geographic region, insurance type, ECI score, CHADS2 score, 

treatment group) were classified as newly diagnosed NVAF 
and OAC naive (Table 1). Compared with those in the warfarin 
group, patients in the dabigatran group were younger; a higher 
percentage were men; and a lower percentage had Medicare 
Advantage as their health plan. Patients in the dabigatran 
group also had lower baseline stroke risk and bleeding risk 
scores than those in the warfarin group (Table 2).

After using propensity score matching, 68.8% of the dabiga-
tran patients were matched 1-to-1 with warfarin patients, and 
1,648 patients remained (824 each in the dabigatran and war-
farin treatment groups; mean age 64 [SD ± 12] years; and 67% 
men). The mean post-index eligibility of was 322 (SD ± 89) days 
for the dabigatran cohort and 318 (± 92) days for the warfarin 
cohort. Within these matched cohorts, 572 patients (69.4%) 
in the dabigatran and 548 patients (66.5%) in the warfarin 
cohorts (P < 0.001) were censored due to discontinuation or 
switching of the index medication. The matched cohorts were 
comparable across all studied characteristics, including base-
line comorbidity scores and stroke and bleeding risk scores 
(Table 2). 

The most common comorbidities were hypertension (71% 
dabigatran vs. 70% warfarin, P = 0.599), hyperlipidemia 
(47% dabigatran vs. 48% warfarin, P = 0.651), and coronary 
artery disease (30% dabigatran vs. 31% warfarin, P = 0.583). 
Antihypertensives, including angiotensin-converting enzyme 
inhibitors, angiotensin II receptor antagonists, and direct renin 
inhibitors, were the most frequently used medication class in 
both treatment groups.

HCRU and costs in the post-index period were evaluated 
and compared within the matched cohorts.

Post-index Health Care Resource Utilization
Inpatient hospitalizations were numerically lower for the 
dabigatran cohort but were statistically similar to the warfarin 
cohort during the post-index period (Table 3). Patients in the 
dabigatran group had significantly fewer all-cause PPPM phy-
sician office visits (mean 1.29 [SD ± 0.95] vs. 2.02 [SD ± 1.53], 
P < 0.001) and fewer all-cause PPPM outpatient visits in the 
post-index period (mean 2.17 [SD ± 2.90] vs. 3.52 [SD ± 3.32], 
P < 0.001) than those in the warfarin group. There were no 
between-group differences in the number of stroke-, MI-, or 
bleeding-related office visits.

Post-index Health Care Costs
The all-cause medical costs for the dabigatran cohort were lower 
than the warfarin cohort; however, the difference did not reach 
statistical significance ($2,696 [SD ± $6,699] PPPM dabigatran 
vs. $2,893 [SD ± $6,819] PPPM warfarin, P = 0.179; Table 4). 
All-cause PPPM pharmacy costs were higher in the dabigatran 
group compared with the warfarin group ($455 [SD ± $429] 
vs. $328 [SD ± $517], P < 0.001), respectively. The dabigatran 
cohort also had significantly higher PPPM AF-related phar-
macy costs ($32 [SD ± $71] vs. $20 [SD ± $55], P = 0.006) and 

Resource Utilizationa

Dabigatran 
Cohort 
(n = 824) 

Mean (SD)

Warfarin 
Cohort 
(n = 824) 

Mean (SD)
P  

Valueb

Post-index hospitalizations
All-cause  0.08 (±0.20)  0.09 (±0.29) 0.866
Stroke-related  0.00 (±0.02)  0.01 (±0.08) 0.271
Myocardial infarction-related  0.00 (±0.06)  0.01 (±0.09) 0.433
Bleed-related  0.00 (±0.03)  0.00 (±0.04) 0.455

Post-index emergency department visits
All-cause  0.04 (±0.13)  0.04 (±0.14) 0.760
Stroke-related  0.00 (±0.01)  0.00 (±0.02) 0.999
Myocardial infarction-related  0.00 (±0.01)  0.00 (±0.01) 0.564
Bleed-related  0.00 (±0.02)  0.00 (±0.02) 0.110

Post-index physician office visits
All-cause  1.29 (±0.95)  2.02 (±1.53) < 0.001
Stroke-related  0.02 (±0.17)  0.02 (±0.11) 0.496
Myocardial infarction-related  0.00 (±0.02)  0.00 (±0.06) 0.083
Bleed-related  0.00 (±0.00)  0.00 (±0.00) 0.564

Post-index outpatient visits
All-cause  2.17 (±2.90)  3.52 (±3.32) < 0.001
Stroke-related  0.06 (±0.87)  0.04 (±0.33) 0.085
Myocardial infarction-related  0.01 (±0.15)  0.01 (±0.14) 0.345
Bleed-related  0.00 (±0.05)  0.01 (±0.08) 0.123

aHealth care resource utilization (number of visits) was calculated as PPPM.
bWilcoxon signed rank test was used.
NVAF = nonvalvular atrial fibrillation; OAC = oral anticoagulant; PPPM = per 
patient per month; SD = standard deviation.

TABLE 3 Health Care Resource Utilization of 
Patients Newly Diagnosed with NVAF 
in OAC-Naive Dabigatran and Warfarin 
Cohorts After Propensity Score Matching 
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Of the 26,647 patients who met the inclusion criteria, 3,179 
patients (959 in the dabigatran treatment group and 2,220 in 
the warfarin treatment group) were classified as previously 
diagnosed with NVAF and OAC naive. Of these patients, 1,380 
patients were 1-to-1 matched (690 patients each in the dabi-
gatran and warfarin treatment groups). The matched cohorts 
were comparable across all studied characteristics

Similar to the main analysis, the post-index inpatient hospi-
talizations (all-cause mean 0.08 [SD ± 0.19] vs. 0.10 [SD ± 0.25], 
P = 0.417) and ED visits (all-cause mean 0.04 [SD ± 0.16] vs. 
0.05 [SD ± 0.16], P = 0.635) were numerically lower but statis-
tically similar for the dabigatran cohort compared with the 
warfarin cohort. Among these previously diagnosed OAC-
naive patients, those assigned to the dabigatran cohort had 
significantly fewer all-cause physician office visits (mean 1.12 
[SD ± 1.00] vs. 1.55 [SD ± 1.30], P < 0.001) and outpatient visits 

HEMORR2HAGES score, and OAC prescriber specialty, no 
difference was observed in total all-cause PPPM costs between 
the 2 cohorts (0.35%, 95% confidence interval [CI] = −17.24%-
19.98%, P = 0.97; with warfarin as the reference group). 
Adjusted mean total costs were predicted from the GLM model 
for patients in the dabigatran and warfarin cohorts, while keep-
ing all other variables constant at their mean values. The pre-
dicted adjusted total costs of patients using dabigatran ($2,949) 
and patients using warfarin ($2,959) were comparable.

Sensitivity Analysis
To test the robustness of the results, the analysis was repeated 

on patients previously diagnosed with NVAF who were OAC 

naive, where patients were considered as previously diagnosed 

if the claim for first observed AF diagnosis appeared between 

12 and 3 months before the index date.

TABLE 4 Health Care Costs for Patients Newly Diagnosed with NVAF in OAC-Naive Dabigatran and Warfarin 
Cohorts After Propensity Score Matching 

Post-index Costsa 

Dabigatran Cohort 
(n = 824) 

Mean (SD) Median ($)

Warfarin Cohort 
(n = 824) 

Mean (SD) Median ($)
P Valueb 

(Comparing Means)

Total costsc  3,151 (±6,744) 1,270  3,221 (±6,869) 1,255 0.701
Pharmacy costs

Overall pharmacy  455 (±429) 355  328 (±517) 187 < 0.001
AF-related pharmacy  32 (±71) 0  20 (±55) 0 0.006
Other pharmacy  423 (±422) 326  308 (±515) 163 < 0.001

Medical costs
Overall medical  2,696 (±6,699) 809  2,893 (±6,819) 960 0.179
Hospitalizations

All-cause  1,481 (±6,189) 0  1,518 (±5,958) 0 0.994
Stroke-related  41 (±523) 0  117 (±2,091) 0 0.279
Myocardial infarction-related  157 (±3,678) 0  225 (±3,053) 0 0.428
Bleed-related  70 (±787) 0  132 (±2,119) 0 0.450

Emergency department visits
All-cause  71 (±277) 0  76 (±419) 0 0.549
Stroke-related  0 (±8) 0  3 (±94) 0 0.999
Myocardial infarction-related  1 (±23) 0  1 (±36) 0 0.565
Bleed-related  1 (±16) 0  2 (±23) 0 0.460

Physician office visits
All-cause  197 (±545) 125  232 (±351) 164 < 0.001
Stroke-related  3 (±19) 0  2 (±14) 0 0.476
Myocardial infarction-related  0 (±3) 0  1 (±9) 0 0.083
Bleed-related  0 (±1) 0  0 (±0) 0 0.564

Outpatient visits
All-cause  946 (±2,015) 320  1,067 (±2,350) 373 0.621
Stroke-related  11 (±155) 0  4 (±58) 0 0.158
Myocardial infarction-related  2 (±30) 0  1 (±24) 0 0.350
Bleed-related  3 (±47) 0  9 (±196) 0 0.121

aHealth care costs were measured as PPPM.
bWilcoxon signed rank sum test was used.
cOverall medical costs plus overall pharmacy costs.
AF = atrial fibrillation; NVAF = nonvalvular atrial fibrillation; OAC = oral anticoagulant; PPPM = per patient per month; SD = standard deviation.
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(mean 1.76 [SD ± 1.93] vs. 2.80 [SD ± 2.75], P < 0.001), when 
compared with patients assigned to the warfarin cohort. This 
result was consistent with the main analysis.

The all-cause PPPM medical costs for the dabigatran 
cohort ($3,562 [SD ± $7,717]) was numerically lower but sta-
tistically similar compared with the warfarin cohort ($3,841 
[SD ± $8,812], P = 0.890). As expected, the all-cause pharmacy 
costs were higher in the dabigatran group compared with the 
warfarin group. Both treatment groups had statistically similar 
all-cause PPPM total costs ($3,562 [SD ± $7,717] dabigatran 
vs. $3,841 [SD ± $8,812] warfarin, P = 0.894). In addition to 
the similarity of costs related to inpatient hospitalizations, ED 
visits, and outpatient visits across the 2 cohorts—as observed 
in the main analysis—the costs related to office visits were 
also similar between the 2 cohorts in this analysis. In the main 
analysis, the costs related to office visits were significantly 
lower for the dabigatran cohort. 

■■  Discussion
Warfarin has long been used to reduce the risk of stroke in 
patients with AF but requires regular monitoring to maintain 
appropriate therapeutic levels.10 The emergence of pharmaceuti-
cal alternatives to warfarin, such as apixaban, edoxaban, dabiga-
tran, and rivaroxaban, has given prescribers and patients addi-
tional anticoagulation choices, offering more convenient admin-
istration while eliminating the need for laboratory testing.18,35 
In addition, clinical trials have demonstrated that dabigatran is 
associated with significantly lower rates of stroke and systemic 
embolism, as well as fewer intracranial hemorrhages, compared 
with warfarin,21 and a recent real-world study has shown that 
the cost of stroke-related hospitalizations is high and varies by 
stroke type.36 The average cost of ischemic stroke was $18,963 
(SD ± $21,454); hemorrhagic stroke was $32,035 (SD ± $32,046); 
and other strokes were found to be $19,248 (SD ± $21,703). 

Using administrative claims data, our study focused on 
newly diagnosed and newly treated patients and did so to 
eliminate any potential bias due to length of treatment and 
treatment history, including restarts and switching of treat-
ments. Our results indicated that dabigatran use was associ-
ated with a significantly lower number of physician office visits 
than warfarin use and significantly lower all-cause physician 
office visit costs in up to 12 months after treatment initiation. 
Patients taking dabigatran do not require coagulation moni-
toring,35 as opposed to patients taking warfarin, who must 
maintain a therapeutic level near the target INR of 2.5 (range 
2.0-3.0) to avoid the problems of over- or undercoagulation.13,14 
INR monitoring for patients taking warfarin is recommended 
at least once monthly and, at times, as often as twice weekly.18 
The difference in the need for laboratory testing may explain 
the lower number of all-cause physician office visits and all-
cause outpatient visits for the dabigatran group.

Our study found that patients in the dabigatran group 
had higher pharmacy costs. A previous observational study 
of patients newly diagnosed with NVAF showed higher per-
sistence rates among patients taking dabigatran than patients 
taking warfarin at 6 months (72% dabigatran vs. 53% warfa-
rin, P < 0.001) and 1 year (63% dabigatran vs. 39% warfarin, 
P < 0.001), which in part may explain the higher pharmacy 
costs.22 Also, patented dabigatran has a higher unit price rela-
tive to generic warfarin, which explains why pharmacy costs 
were higher in the dabigatran group compared with the war-
farin group. 

This study also found that in up to 12 months of follow-up, 
physician office costs were significantly lower for the dabiga-
tran cohort, which was related to the lower number of physi-
cian office visits. Inpatient, ED, and outpatient visit costs were 
lower for the dabigatran users, although the difference did not 
reach statistical significance. The total medical costs—defined 
as the sum of inpatient, ED, and physician office and outpatient 
visit costs—was statistically comparable between the 2 treat-
ment groups; however, the point estimate was lower for the 
dabigatran cohort.

The total cost, which is the sum of pharmacy costs and total 
medical cost, was similar between the 2 treatment groups. 
Pharmacy costs accounted for approximately 14% of the total 
cost in the dabigatran cohort and approximately 10% of the 
total cost for the warfarin cohort. Despite higher pharmacy 
costs, total health care costs were similar in both cohorts in 
part because of lower medical costs driven by lower HCRU in 
the dabigatran cohort. 

Previously published clinical trials and real-world studies  
demonstrate that, compared with warfarin, dabigatran is asso-
ciated with significantly lower rates of stroke and systemic 
embolism, as well as intracranial hemorrhages21; has higher 
persistence rates22; fewer physician office and outpatient visits; 
and, despite higher pharmacy costs, comparable total costs. 

Among several safe and effective OACs, formulary decision 
makers must also weigh the economic effect of each OAC. In 
addition to having a positive effect on health outcomes and 
HCRU for patients with NVAF,21 the use of dabigatran may 
also help improve the efficient use of medical resources. The 
results of this study support the findings of previous real-world 
studies reporting that medical costs offset higher pharmacy 
costs, which result in comparable costs between warfarin and 
dabigatran in the first 12 months after treatment initiation.24

Limitations
This study has some limitations to consider. Similar to other 
database studies, this study is subject to possible coding 
errors of omission and commission, incomplete claims, unreli-
able clinical coding, and unobservable factors that may have  
influenced outcomes. All patients were commercially insured 
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or had Medicare Advantage insurance, so the results may not 
be generalizable to patients outside of the United States or to 
those with other types of health insurance.

Only direct costs were evaluated, so total costs may have 
been underestimated. Also, medication use was identified from 
the first observed pharmacy claim during the patient identifi-
cation period. Any specific medications dispensed during hos-
pitalization were not identified to assign patients to the treat-
ment groups or to assign index date. Furthermore, the patients 
were followed for a maximum of 12 months, so the results may 
not be generalized to a longer period of time. 

For direct health care costs, other costs outside of admin-
istrative data, such as over-the-counter drug use (e.g., aspirin 
use), were not captured and could have been underestimated. 

This study focused only on patients that had at least 2 index 
OAC prescriptions to ensure that patients were actually treated 
with an index OAC; consequently, the findings might not be 
applicable to those patients who were exposed once only and 
never refilled. Also, patients were followed and censored when 
they discontinued or switched their index OACs. This approach 
might have excluded some follow-up time; however, it strength-
ened the association and attributability between the outcomes 
and index OACs by assessing HCRU and costs only for the 
period when patients were being treated with the index OACs.

■■  Conclusions
This real-world study evaluated the effect of dabigatran use 
compared with warfarin on HCRU and costs and showed that, 
among patients newly diagnosed with NVAF and who were 
OAC naive, dabigatran use was associated with fewer physi-
cian office visits than warfarin. During the 12-month follow-up 
period, this study found that dabigatran use was associated 
with significantly higher pharmacy costs; however, the total 
health care costs were comparable between dabigatran and 
warfarin. Further studies are warranted to evaluate and quan-
tify how clinical event rates drive differences in HCRU and cost 
between dabigatran and warfarin users.
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Health Care Resource Utilization and Costs Among Newly Diagnosed and Oral Anticoagulant  
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Condition
ICD-9-CM 
Diagnosis 

ICD-9-CM 
Procedure CPT/HCPCS

Valvular 
disease 

394.0x; 394.2x; 
396.0x, 396.1x

35.20, 35.22, 
35.24, 35.26, 
35.28

Valvular 
procedures

33999, 0257T, 
0258T, 0259T, 
33405, 33425, 
33426, 33427, 
33430, 0262T, 
33475, 33460, 
33463, 33464, 
33465

CPT = Current Procedural Terminology; HCPCS = Healthcare Common Procedure 
Coding System; ICD-9-CM = International Classification of Diseases, Ninth 
Revision, Clinical Modification.

APPENDIX A Valvular Heart Disease: Diagnosis 
and Procedure Codes
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Medical Condition ICD-9-CM Code Description

Intracranial 
hemorrhage 
(regardless of 
position)

430 Subarachnoid hemorrhage
431 Intracerebral hemorrhage
432 Other and unspecified intracranial hemorrhage

852.0x Subarachnoid hemorrhage following injury without mention of open intracranial wound
852.2x Subdural hemorrhage following injury without mention of open intracranial wound
852.4x Extradural hemorrhage following injury without mention of open intracranial wound
853.0 Other and unspecified intracranial hemorrhage following injury without mention of open intracranial wound

Gastrointestinal 
(primary)

455.2 Internal hemorrhoids with other complication
455.5 External hemorrhoids with other complication
455.8 Unspecified hemorrhoids with other complication
456.0 Esophageal varices with bleeding

456.20 Esophageal varices in disease classified elsewhere, with bleeding
459.0 Hemorrhage, unspecified
530.7 Gastroesophageal laceration-hemorrhage syndrome

530.82 Esophageal hemorrhage
531.0 Acute gastric ulcer with hemorrhage
531.2 Acute gastric ulcer with hemorrhage and perforation
531.4 Chronic or unspecified gastric ulcer with hemorrhage
531.6 Chronic or unspecified gastric ulcer with hemorrhage and perforation
532.0 Acute duodenal ulcer with hemorrhage
532.2 Acute duodenal ulcer with hemorrhage and perforation
532.4 Chronic or unspecified duodenal ulcer with hemorrhage
532.6 Chronic or unspecified duodenal ulcer with hemorrhage and perforation
533.0 Acute peptic ulcer of unspecified site with hemorrhage
533.2 Acute peptic ulcer of unspecified site with hemorrhage and perforation
533.4 Chronic or unspecified peptic ulcer of unspecified site with hemorrhage
533.6 Chronic or unspecified peptic ulcer of unspecified site with hemorrhage and perforation
534.0 Acute gastrojejunal ulcer with hemorrhage
534.2 Acute gastrojejunal ulcer with hemorrhage and perforation
534.4 Chronic or unspecified gastrojejunal ulcer with hemorrhage
534.6 Chronic or unspecified gastrojejunal ulcer with hemorrhage and perforation
535.01 Acute gastritis, with hemorrhage
535.11 Atrophic gastritis, with hemorrhage
535.21 Gastric mucosal hypertrophy, with hemorrhage
535.31 Alcoholic gastritis, with hemorrhage
535.41 Other specified gastritis, with hemorrhage
535.51 Unspecified gastritis and gastroduodenitis, with hemorrhage
535.61 Duodenitis, with hemorrhage
537.83 Angiodysplasia of stomach and duodenum with hemorrhage
562.02 Diverticulosis of small intestine with hemorrhage
562.03 Diverticulitis of small intestine with hemorrhage
562.12 Diverticulosis of colon with hemorrhage
562.13 Diverticulitis of colon with hemorrhage
568.81 Hemoperitoneum (nontraumatic)
569.3 Hemorrhage of rectum and anus

569.85 Angiodysplasia of intestine with hemorrhage
578 Gastrointestinal hemorrhage

Other bleeding 
(primary)

599.7 Hematuria
719.1x Hemarthrosis
786.3 Hemoptysis
423.0 Hemopericardium
593.81 Vascular disorders of kidney
784.7 Epistaxis
784.8 Hemorrhage from throat

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

APPENDIX B ICD-9-CM Diagnosis Codes for Bleeding
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