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Background-—Oral anticoagulants (OACs) in patients with atrial fibrillation (AF), in addition to reducing stroke risk, could also
prevent adverse cognitive outcomes. The purpose of this study was to compare the risk of dementia incidence across patients with
AF initiating different OACs.

Methods and Results-—We identified patients with nonvalvular AF initiating OACs in 2 US healthcare claim databases, MarketScan
(2007–2015) and Optum Clinformatics (2009–2015). Dementia, comorbidities, and use of medications were defined on the basis
of inpatient and outpatient claims. We performed head-to-head comparisons of warfarin, dabigatran, rivaroxaban, and apixaban in
propensity score–matched cohorts. We calculated hazard ratios (HRs) and 95% confidence intervals (CIs) of incident dementia for
each propensity score–matched cohort and meta-analyzed database-specific results. We analyzed 307 099 patients with AF from
the MarketScan database and 161 346 from the Optum database, of which 6572 and 4391, respectively, had a diagnosis of
incident dementia. The mean follow-up of each cohort ranged between 0.7 and 2.2 years. Patients initiating direct OACs
experienced lower rates of dementia than those initiating warfarin (dabigatran: HR, 0.85; 95% CI, 0.71–1.01; rivaroxaban: HR, 0.85;
95% CI, 0.76–0.94; apixaban: HR, 0.80; 95% CI, 0.65–0.97). There were no differences in rates of dementia comparing direct OAC
user groups (dabigatran versus rivaroxaban: HR, 1.02; 95% CI, 0.79–1.32; dabigatran versus apixaban: HR, 0.92; 95% CI, 0.63–
1.36; apixaban versus rivaroxaban: HR, 1.01; 95% CI, 0.86–1.19).

Conclusions-—Patients with AF initiating direct OACs experienced lower rates of incident dementia than warfarin users. No obvious
benefit was observed for any particular direct OAC in relation to dementia rates. ( J Am Heart Assoc. 2018;7:e009561. DOI: 10.
1161/JAHA.118.009561.)
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A trial fibrillation (AF) is the most prevalent arrhythmia in
clinical practice.1 Because of its high prevalence and the

high risk of associated complications, such as stroke,2 AF is a

major contributor to the burden of cardiovascular diseases in
both the United States and worldwide.3 In addition, growing
evidence points to cognitive decline and dementia as
additional outcomes associated with AF. An elevated stroke
risk could partly mediate this association. Other mechanisms,
such as repetitive cerebral injury attributable to lacunar
infarcts or microbleeds and brain hypoperfusion, are likely to
play a role, but are not well characterized.4,5 Research on
potential therapeutic targets to lower dementia risk is
required to address this issue.

Oral anticoagulants (OACs) are recommended for stroke
prevention in patients with nonvalvular AF at moderate or high
stroke risk.6 This has been commonly achieved with vitamin K
antagonists (ie, warfarin in the United States). Since October
2010, several direct OACs (DOACs), including dabigatran,
rivaroxaban, apixaban, and edoxaban, have been approved by
the US Food and Drug Administration for the prevention of
stroke and systemic embolism among patients with nonva-
lvular AF on the basis of the results of large phase 3
randomized trials.7 Observational studies have generated
results similar to randomized trials, showing noninferiority of
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DOACs versus warfarin for stroke prevention, and have
provided evidence of DOAC effectiveness in usual clinical
practice.8–11 Limited additional evidence suggests an associ-
ation between risk of dementia and type of OAC (DOACs
versus warfarin) in patients with AF. A previous study in 5254
anticoagulated patients, managed by the Intermountain
Healthcare Clinical Pharmacist Anticoagulation Service in
Utah, documented a lower rate of dementia in patients taking a
DOACcomparedwithwarfarin.12However, a recent studywith a
larger sample size using data from Swedish registers found no
difference of dementia risk between DOAC and warfarin users
after adjusting formultiple baseline characteristics.13Neither of
these studies, however, evaluated the risk of dementia compar-
ing warfarin with individual DOACs, or between individual
DOACs.

On the basis of this previous suggestive but inconclusive
evidence, we analyzed data from 2 large US healthcare use
databases to evaluate whether the risk of dementia incidence
among patients with AF differs between warfarin users and
DOAC users, as well as across DOAC user groups.

Methods

Study Population
The study population was identified from 2 databases
(MarketScan and Optum Clinformatics). The Truven Health
MarketScan Commercial Claims and Encounter Database and

the Medicare Supplemental and Coordination of Benefits
Database (Truven Health Analytics Inc, Ann Arbor, MI)
included data from January 1, 2007, to September 30,
2015. The MarketScan databases contain claims data and
linked patient enrollment information from insured employees
and their dependents for active employees as well as
Medicare-eligible retirees with employer-provided Medicare
Supplemental plans. Similarly, Optum Clinformatics Data Mart
included data from January 1, 2009, to September 30, 2015.
The Optum database contains health insurance medical and
pharmacy claims as well as linked patient enrollment data
from privately insured and Medicare Advantage enrollees
throughout the United States. The authors cannot make data
and study materials available to other investigators for
purposes of reproducing the results because of licensing
restrictions. Interested parties, however, could obtain and
license the data by contacting Truven Health Analytics Inc and
Optum.

We restricted the analysis to patients with nonvalvular AF
with a prescription for an OAC. Enrollees were included if they
had at least 1 inpatient claim or 2 consecutive outpatient
claims with an AF diagnosis separated by at least 7 days but
<1 year, defined by an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code 427.31
or 427.32 in any position, without history of mitral stenosis
(ICD-9-CM code 394.0) or mitral valve disorder (ICD-9-CM
code 424.0).14 At least 1 prescription for warfarin or one of
the DOACs (dabigatran, rivaroxaban, or apixaban) was
required, restricting the data to 678 683 and 362 357
patients in MarketScan and Optum, respectively. A systematic
review of validation studies identifying AF from administrative
databases suggested that similar algorithms had a median
positive predictive value of 89% and a median sensitivity of
79%.15 Because our analysis is restricted to patients initiating
OACs, we expect the positive predictive value to be even
higher. We excluded enrollees with <90 days of enrollment
before the first OAC prescription (328 300 in MarketScan and
178 656 in Optum) to enhance the ability to identify
comorbidities and other medications before OAC initiation.
Those who took OACs 90 days before (or earlier) their AF
diagnosis were excluded, because they may have been using
OACs for other indications. Enrollees with a dementia
diagnosis before or at the time of their first OAC prescription
(4458 in MarketScan and 3674 in Optum) were excluded. The
inclusion procedure is shown in the Figure.

OAC Use
Outpatient pharmaceutical claim data include, among other
variables, the National Drug Code and prescription fill date.
Enrollees were classified in exclusive categories according to
their first filled OAC prescription: warfarin initiators,

Clinical Perspective

What Is New?

• This study evaluated the association between type of oral
anticoagulant and incidence of dementia in a large popu-
lation of anticoagulated patients with atrial fibrillation.

• We found that rates of dementia were lower among patients
initiating direct oral anticoagulants than among those
initiating warfarin, without differences between specific
direct oral anticoagulants.

• The associations were consistent across age, sex, and
baseline stroke risk groups.

• The possibility of confounding by indication was addressed
by propensity score matching and sensitivity analyses;
nonetheless, the results should be interpreted with caution
because of the nonrandomized study design.

What Are the Clinical Implications?

• The study results provide evidence that can be used to
inform decisions about the type of oral anticoagulant
prescription in patients with atrial fibrillation in whom
cognitive outcomes are of particular concern (eg, elderly
patients and those with mild cognitive impairment).
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dabigatran initiators, rivaroxaban initiators, or apixaban
initiators. We did not consider edoxaban use, because it
was approved by the Food and Drug Administration in January
2015 and few patients in our population received this
medication.

Outcome
The primary outcome of interest was a diagnosis code for
dementia on an inpatient claim, defined with the following
ICD-9-CM codes in any position: 290.xx (dementia); 294.xx

(persistent mental disorders attributable to conditions classi-
fied elsewhere); and 331.0 (Alzheimer disease). Positive
predictive values for these codes have been shown to be
>80% in a previous study.16 In a sensitivity analysis, we
defined dementia with an inpatient or an outpatient claim,
using the diagnosis codes in any position.

Covariates
Covariates included demographic characteristics, as well as
cognitive impairment, comorbidities, and use of medications

Figure. Flow chart of enrollees’ selection to final analysis sample. Inclusion criteria were
applied to the MarketScan and Optum databases, and all the eligible enrollees were matched
1:1 on propensity score to generate 6 final head-to-head oral anticoagulant (OAC) comparison
cohorts. AF indicates atrial fibrillation.
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at baseline. Baseline demographic information included in our
study were age and sex, as well as (in the Optum database
only) race, education, and household income. Approximately
30% of the race/ethnicity data in Optum were collected
from public records (eg, driver’s license records), and the
remaining were imputed by the E-Tech commercial software
using individuals’ names and zip codes. This validated
imputation method has 97% specificity and 48% sensitivity
for estimating the race of black individuals.17 Enrollees with
missing values were categorized into the unknown group for
race, education, and household income in Optum (8%, 5%,
and 13%, respectively).

We included the following baseline comorbidities that
might affect both OAC type and dementia: heart failure,
hypertension, diabetes mellitus, myocardial infarction, periph-
eral artery disease, kidney disease, ischemic stroke, gastroin-
testinal tract bleeding, cerebral bleeding, other bleeding,
anemia, coagulopathy, cancer, and mood disorders. We also
included use of the following medications: antiplatelet ther-
apy, diuretics, antiarrhythmic drugs, digoxin, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers,
b blockers, calcium channel blockers, and lipid-lowering
medications. Cognitive impairment, comorbidities, and pre-
scription fills of medications were defined on the basis of
inpatient and outpatient claims and outpatient pharmacy
claims before first OAC prescription since their enrollment in
the database (ie, using all available data and not restricted to
fixed look-back time windows). The ICD-9-CM codes to define
cognitive impairment and comorbidities have been used in
previous analyses and are provided in Table S1.14 Stroke and
bleeding risk stratification scores of CHA2DS2-VASc and HAS-
BLED were calculated for everyone.18,19

Statistical Analysis
For each database, we performed all pairwise comparisons of
different OACs (warfarin versus dabigatran, warfarin versus
rivaroxaban, warfarin versus apixaban, dabigatran versus
rivaroxaban, dabigatran versus apixaban, and rivaroxaban
versus apixaban). For each analysis, we restricted the initial
cohort to enrollees initiating OAC after the date when both
anticoagulants were available (October 19, 2010, for dabiga-
tran; November 4, 2011, for rivaroxaban; and December 28,
2013, for apixaban). We calculated propensity scores for
treatment with a particular anticoagulant at the time of OAC
initiation for each comparison in each cohort, using logistic
regression models that included all the comorbidities and
medications previously described. Finally, we matched
enrollees 1:1 on propensity score with calipers of 0.2 of SD
of the propensity scores, using a greedy matching algorithm20

implemented with the gmatch SAS macro. Any patient without
a match was excluded from the analysis.

We assessed the association between anticoagulant type
and incidence of dementia using Cox proportional hazards
models to calculate hazard ratios (HRs) and 95% confidence
intervals (CIs). Time to dementia was calculated from time of
first anticoagulant prescription (index date) to September 30,
2015, database disenrollment, or dementia diagnosis, which-
ever occurred earlier. Information on the reason of database
disenrollment (eg, death or change of insurance plan) was not
available. In model 1, we adjusted for age, sex, and cognitive
impairment, as well as (only in the Optum database) race,
education, and household income. In model 2, we additionally
adjusted for comorbidities and medications listed in Table S2
and CHA2DS2-VASc and HAS-BLED scores. In a supplemen-
tary analysis, we added incident ischemic stroke to our model
as model 3. We tested the proportional hazards assumption
by introducing an interaction term of OAC group and
logarithmic scale of time in the model. No violation of the
proportionality assumption was detected in both MarketScan
and Optum databases across the comparisons. We meta-
analyzed the database-specific results using a random-effects
model. Homogeneity of results between the databases was
tested. We performed a sensitivity analysis by defining
dementia incidence using both inpatient and outpatient
claims to evaluate the robustness of our primary results to
changes in end point definition. In addition, to evaluate the
impact of discontinuation of initial OAC or switching to a
different anticoagulant, we conducted an additional analysis
censoring patients at the time of discontinuation or switching.
We defined discontinuation as no additional refill for at least
60 days since the end of days’ supply for a prescription.

Effect measure modification by age (≤75 and >75 years),
sex (male and female), and CHA2DS2-VASc score (<2 as low
risk and ≥2 as moderate/high risk) between OAC therapy and
risk of dementia was assessed, after adjusting for other
covariates in model 2 in each database. The significance of
effect measure modifications is reported as P values.

We conducted an additional analysis to address the
concern that patients prescribed warfarin may have inherently
different cognitive status at baseline from those prescribed
DOACs in ways that our adjustment cannot control (con-
founding by indication). Specifically, we included all eligible
enrollees from our primary analysis, plus patients previously
excluded because of a dementia diagnosis before or at the
time of their first OAC prescription (311 557 in MarketScan
and 165 020 in Optum). We calculated, at the time of
anticoagulant initiation, the odds ratios of being prescribed a
DOAC (versus warfarin) in patients with prevalent dementia
(defined by an inpatient claim) or cognitive impairment
(defined by an inpatient or outpatient claim) compared with
cognitively normal patients. Logistic regression was used,
adjusting for all the other covariates previously mentioned, to
determine if underlying cognitive status likely influenced the
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type of prescribed anticoagulant. The Institutional Review
Board of Emory University (Atlanta, Ga) approved the present
study, which provided a waiver of informed consent for the
analysis of these deidentified data.

Results
The MarketScan database included 1 194 111 patients with
nonvalvular AF. After excluding ineligible patients using the
criteria previously described, 307 099 enrollees remained.
The Optum database included 727 935 identified patients
with nonvalvular AF, and 161 346 remained in the cohort
after excluding enrollees who did not meet the study criteria.
The inclusion procedure is shown as a flow chart in the Figure.
In both cohorts, most enrollees took warfarin as their first
OAC (71% and 69%, respectively), whereas few of them were
apixaban initiators (6% and 7%, respectively). We performed
propensity score matching separately in MarketScan and
Optum, obtaining 6 cohorts each as our final analytical data
sets. Overall, there were 62 608 MarketScan and 30 358
Optum enrollees in the warfarin-dabigatran matched cohorts,
78 404 MarketScan and 44 878 Optum enrollees in the
warfarin-rivaroxaban matched cohorts, 38 610 MarketScan
and 23 568 Optum enrollees in the warfarin-apixaban
matched cohorts, 36 114 MarketScan and 20 356 Optum
enrollees in the dabigatran-rivaroxaban matched cohorts,
14 250 MarketScan and 9514 Optum enrollees in the
dabigatran-apixaban matched cohorts, and 38 716 MarketS-
can and 23 570 Optum enrollees in the rivaroxaban-apixaban
matched cohorts (Figure).

Baseline characteristics in MarketScan before propensity
score matching by prescribed first OAC are presented in
Table S2. In general, dabigatran and rivaroxaban initiators had
similar demographic, health, and medication use profiles.
Warfarin and apixaban initiators were slightly older, were
more likely to be women, and had higher CHA2DS2-VASc and
HAS-BLED scores compared with dabigatran and rivaroxaban
initiators. The prevalence of comorbidities was generally
higher among warfarin users compared with DOAC users.
Similar results were observed in Optum, which are shown in
Table S3. Characteristics at baseline after propensity score
matching were similar between OAC treatment groups in each
cohort. Across the cohorts, the average age ranged between
67 years in MarketScan and 73 years in Optum (SD, �12
years), percentage of female enrollees ranged between 35% in
MarketScan and 45% in Optum, and the average CHA2DS2-
VASc score ranged between 2.9 in MarketScan and 4.3 in
Optum (SD, �2.0). In addition, race was distributed similarly
across the Optum cohorts, with �77% white enrollees.
Patients in Optum were generally older and had higher
predicted risk of stroke and bleeding than those in
MarketScan. Distribution of age, sex, race (in the Optum

database only), and CHA2DS2-VASc and HAS-BLED scores in
each study after propensity score matching are shown in
Tables 1 and 2. The proportion of patients receiving a
standard and reduced dose of each DOAC is presented in
Table S4, stratified by sex. Overall, the proportion receiving a
reduced dose was higher in women than in men and among
those receiving rivaroxaban compared with other DOACs.

Comparison of DOACs With Warfarin
Table 3 shows the meta-analyzed HRs and 95% CIs of
dementia comparing DOAC initiators with warfarin initiators.
Mean follow-up ranged between 0.7 years for analyses
comparing apixaban with warfarin in MarketScan to 2.2 years
in analyses comparing dabigatran with warfarin in Optum.
Total numbers of 1463, 1592, and 751 dementia cases were
identified in warfarin-dabigatran matched cohorts, warfarin-
rivaroxaban matched cohorts, and warfarin-apixaban matched
cohorts, respectively. The rate of dementia was lower among
dabigatran users compared with warfarin users (model 1: HR,
0.85; 95% CI, 0.74–0.97) after adjusting for demographic
characteristics and prior cognitive impairment. Results were
similar after additional adjustment for comorbidities, nonan-
ticoagulant medication use, and CHA2DS2-VASc and HAS-
BLED scores (model 2: HR, 0.85; 95% CI, 0.71–1.01). Similar
results also were observed for rivaroxaban and apixaban when
compared with warfarin users, with HRs (95% CIs) of 0.85
(0.76–0.94) for rivaroxaban users and 0.80 (0.65–0.97) for
apixaban users after full adjustment (Table 3). There was no
evidence of heterogeneity across databases. Database-
specific results are presented in Tables S5 and S6. In a
supplementary analysis, after additional adjustment for inci-
dent ischemic stroke, results remained similar to what we
observed from model 2 (Table S7).

Comparisons Among Dabigatran, Rivaroxaban,
and Apixaban
Meta-analyzed results from database-specific analysis showed
comparable hazards of dementia across different DOAC
groups (Table 3, model 2, dabigatran versus rivaroxaban:
HR, 1.02; 95% CI, 0.79–1.32; dabigatran versus apixaban: HR,
0.92; 95% CI, 0.63–1.36; apixaban versus rivaroxaban: HR,
1.01; 95% CI, 0.86–1.19). There was no evidence of
significant heterogeneity across database-specific results
(Tables S8 and S9).

Sensitivity and Subgroup Analyses
We identified >2 times the number of dementia cases when
ascertaining dementia diagnoses using both inpatient and
outpatient ICD-9 codes instead of only using inpatient claims,
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with the number of enrollees comparable to the number in
primary analyses in each comparison cohort (Tables S10
through S13). Results were similar to the primary analyses.
DOACs were associated with a lower incidence of dementia
compared with warfarin initiation, with HRs (95% CIs) of 0.79
(0.63–0.88), 0.79 (0.63–0.99), and 0.73 (0.52–1.02) in the
comparisons of dabigatran, rivaroxaban, and apixaban with
warfarin, respectively (Table 4). Results were essentially
unchanged when baseline cognitive impairment was included
as a covariate differentiating outpatient and inpatient diagno-
sis (Table S14) and when we censored patients at the time of
OAC discontinuation or switching (Table S15). The incidence
of dementia was similar in head-to-head comparisons of the
different DOACs. However, some of these comparisons
showed evidence of heterogeneity across databases, most
notably for the comparison of dabigatran with other DOACs,
which had the opposite direction of association in each
database (Tables S12 and S13).

Results of subgroup analyses from each database are
shown in Tables S16 and S17. No multiplicative interactions
of OAC treatment with age, sex, and CHA2DS2-VASc score
were detected. In the Optum database, we observed that
dabigatran initiation was associated with a lower hazard of
dementia than warfarin initiation among younger patients,
≤75 years (HR, 0.61; 95% CI, 0.41–0.89), but not among

patients >75 years (HR, 1.04; 95% CI, 0.87–1.25; P for
interaction=0.01). Rivaroxaban was associated with lower
dementia hazard compared with warfarin among female
enrollees (HR, 0.70; 95% CI, 0.56–0.87) but not among male
enrollees (HR, 0.96; 95% CI, 0.76–1.21; P for interac-
tion=0.04). For the dabigatran-rivaroxaban comparison, we
observed a lower hazard of dementia for dabigatran among
younger patients (HR, 0.54; 95% CI, 0.32–0.91) and a higher
hazard of dementia for dabigatran among older patients (HR,
1.41; 95% CI, 1.09–1.84), with a P for interaction of 0.002.
However, despite identifying several significant interactions in
the Optum database, additional confirmatory evidence is
required because of the inconsistency between the 2
databases, the limited number of cases in subgroups from
each cohort, and multiple comparisons. Finally, HRs and 95%
CIs were not calculated for CHA2DS2-VASc–categorized
subgroups in the apixaban-dabigatran cohort from MarketS-
can, and all 6 cohorts from Optum database, because few
dementia occurrences were identified among enrollees with a
CHA2DS2-VASc score of 0 or 1.

Assessment of Confounding by Indication
In the analysis that included patients with AF with prevalent
dementia or cognitive impairment at the time of anticoagulant

Table 1. Baseline Characteristics of Patients With AF, According to First Prescribed OAC After Propensity Score Matching:
MarketScan, 2010–2015

Characteristics Comparison of DOACs With Warfarin Comparison Among Dabigatran, Rivaroxaban, and Apixaban

Warfarin Dabigatran Dabigatran Rivaroxaban

N 31 304 31 304 18 057 18 057

Age, mean (SD), y 67 (13) 67 (13) 67 (12) 66 (13)

Women, % 35 35 35 34

CHA2DS2-VASc score, mean (SD) 3.0 (2.0) 3.1 (2.0) 3.0 (2.0) 2.9 (1.9)

HAS-BLED score, mean (SD) 1.8 (1.1) 1.8 (1.2) 1.7 (1.1) 1.7 (1.1)

Warfarin Rivaroxaban Dabigatran Apixaban

N 39 202 39 202 7125 7125

Age, mean (SD), y 68 (13) 67 (13) 67 (12) 67 (13)

Women, % 39 38 35 36

CHA2DS2-VASc score, mean (SD) 3.1 (1.9) 3.1 (1.9) 3.0 (1.9) 2.9 (1.9)

HAS-BLED score, mean (SD) 1.8 (1.1) 1.8 (1.1) 1.7 (1.1) 1.7 (1.1)

Warfarin Apixaban Rivaroxaban Apixaban

N 19 305 19 305 19 358 19 358

Age, mean (SD), y 69 (13) 69 (13) 69 (12) 69 (13)

Women, % 40 40 40 40

CHA2DS2-VASc score, mean (SD) 3.4 (1.9) 3.4 (2.0) 3.3 (2.0) 3.4 (2.0)

HAS-BLED score, mean (SD) 1.9 (1.1) 1.9 (1.2) 1.9 (1.2) 1.9 (1.2)

Comparison groups are matched 1:1. AF indicates atrial fibrillation; DOAC, direct oral anticoagulant.
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initiation, the odds of receiving DOACs versus warfarin were
similar regardless of baseline cognitive status. In MarketScan,
the odds ratio (95% CI) of DOAC initiation was 0.99 (0.90–
1.10) comparing those with dementia/cognitive impairment
with cognitively normal individuals, whereas the correspond-
ing odds ratio (95% CI) in Optum was 0.91 (0.81–1.03), for a
combined odds ratio (95% CI) of 0.96 (0.88–1.04) (Table S18).

Discussion
In this study, which used data from 2 independent large
healthcare claims databases, we found that patients with
nonvalvular AF initiating DOACs (dabigatran, rivaroxaban, and
apixaban) had consistently lower rates of dementia compared
with warfarin initiators. In head-to-head DOAC comparisons,
however, we found that the hazard of dementia did not vary
according to DOAC prescribed. Our findings suggest the
following: (1) DOACs may be superior to warfarin with respect
to outcome of dementia, which is considered as an important
adverse outcome of AF; and (2) future risk of dementia does
not appear to be influenced by choice of DOAC. Therefore,

DOAC choice should be driven by other efficacy, safety, and
preference considerations.21,22 However, misclassification
and confounding may be partly responsible for these findings.

Growing evidence indicates that cognitive decline and
dementia are frequent adverse outcomes in patients with AF.4

Although preventing dementia is not the primary focus of
antithrombotic treatment in patients with AF, concerns exist
about higher risk of microbleeds in patients receiving
suboptimal management of anticoagulation with warfarin,
because of either underanticoagulation or overanticoagula-
tion. These microbleeds could cause chronic cerebral injury
and finally lead to dementia.23,24 On the other hand, the role
that DOACs can play in the prevention of dementia is of
considerable interest. Through prevention of ischemic stroke,
both warfarin and DOACs can reduce the risk of vascular
dementia. Moreover, DOAC users experience lower risk of
intracranial bleeding compared with warfarin users. As shown
in pivotal clinical trials, dabigatran, rivaroxaban, and apixaban
were all reported noninferior in preventing ischemic stroke or
systemic embolism, and they had lower rates of intracranial
hemorrhage compared with warfarin.25–27 Last, DOACs

Table 2. Baseline Characteristics of Patients With AF, According to First Prescribed OAC After Propensity Score Matching: Optum,
2010–2015

Characteristics Comparison of DOACs With Warfarin Comparison Among Dabigatran, Rivaroxaban, and Apixaban

Warfarin Dabigatran Dabigatran Rivaroxaban

N 15 179 15 179 10 178 10 178

Age, mean (SD), y 69 (12) 69 (12) 69 (12) 69 (12)

Women, % 37 37 37 37

Race, % white 79 79 78 78

CHA2DS2-VASc score, mean (SD) 3.6 (2.0) 3.6 (2.0) 3.7 (2.0) 3.7 (2.1)

HAS-BLED score, mean (SD) 2.3 (1.3) 2.3 (1.3) 2.3 (1.3) 2.3 (1.3)

Warfarin Rivaroxaban Dabigatran Apixaban

N 22 439 22 439 4757 4757

Age, mean (SD), y 71 (11) 70 (12) 70 (11) 70 (12)

Women, % 40 40 38 38

Race, % white 77 78 76 76

CHA2DS2-VASc score, mean (SD) 3.8 (2.0) 3.8 (2.1) 3.8 (2.0) 3.8 (2.1)

HAS-BLED score, mean (SD) 2.5 (1.3) 2.5 (1.3) 2.4 (1.3) 2.4 (1.3)

Warfarin Apixaban Rivaroxaban Apixaban

N 11 784 11 784 11 785 11 785

Age, mean (SD), y 73 (10) 73 (11) 72 (11) 73 (11)

Women, % 45 45 45 45

Race, % white 77 77 77 77

CHA2DS2-VASc score, mean (SD) 4.3 (2.0) 4.2 (2.1) 4.2 (2.1) 4.2 (2.1)

HAS-BLED score, mean (SD) 2.7 (1.3) 2.7 (1.3) 2.7 (1.3) 2.7 (1.3)

Comparison groups are matched 1:1. AF indicates atrial fibrillation; DOAC, direct oral anticoagulant.
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provide steady therapeutic levels without the fluctuations that
are common among warfarin users, and they may be a
promising approach to reduce the risk of dementia among
patients with AF.5 To have a better understanding of potential
mechanisms that underlie the association between DOACs
versus warfarin and incidence of dementia in this study, we
further adjusted for incidence of ischemic stroke in the
multivariate regression analysis; we detected no change
compared with the primary results. Although the number of
incident stroke events in each cohort is limited, it might
indicate that a mechanism other than the reduction in risk of
clinically recognized stroke, and possibly reduction of
intracranial bleeding, is the primary factor underlying the
observed beneficial association of DOACs versus warfarin in
dementia risk.

Results from our analysis were consistent with the prior
study using healthcare clinical data in Utah, where a lower rate
of dementia was observed in patients taking a DOAC compared
with warfarin users.12 In contrast, no difference between
warfarin and DOACs was observed in a study using registry
data from Sweden, in which patients treated with warfarin had
a mean time in therapeutic range well above 70%. The mean
time spent in therapeutic range in the United States is much
lower, at �54%.28 This inconsistency might indicate that
DOACs offer better protection than warfarin in the United
States compared with Sweden, possibly because of the
difference in the time in therapeutic range for warfarin users.13

We did not observe differences in the hazard of
dementia among users of different DOACs, although there
was some between-database heterogeneity in the compar-
isons of dabigatran with rivaroxaban and apixaban. Several
previous analyses, including both direct and indirect com-
parisons between DOACs, found a more favorable profile of
effectiveness and safety for dabigatran and apixaban users
over rivaroxaban users, with no differences in risk of stroke
or systemic embolism and lower risk of intracranial
bleeding.10,21 Comparisons including apixaban, however,
need to be interpreted with caution given the shorter
follow-up period and the limited number of events in this
group because of the later Food and Drug Administration
approval date. In addition, we have the fewest enrollees in
the dabigatran-apixaban cohort because of the limited
number of dabigatran users since the approval of apixaban.
Future analyses comparing dementia risk in apixaban users
versus dabigatran and rivaroxaban users need to be based
on a larger sample size and longer follow-up to generate a
better understanding of dementia incidence across DOAC
groups.

We did not identify consistent effect measure modifica-
tion in the association of OAC use with rates of dementia by
age, sex, or CHA2DS2-VASc score. Rates of dementia
incidence were lower in DOAC users among both younger
and older patients, men and women, and low- and high-risk
patients.

Table 3. Meta-Analyzed HRs and 95% CIs of Incident Dementia in OAC Comparison Cohorts: MarketScan and Optum, 2010–2015

Variable Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban

N 46 483 46 483 61 641 61 641 31 089 31 089

Dementia, N 739 724 944 648 474 277

Follow-up, mean, y 1.7 1.9 1.4 1.2 1.2 0.8

Incidence rate (per 1000 person-years) 9.2 8.0 10.5 8.7 12.9 11.0

HRs (95% CIs)

Model 1* 1 0.85 (0.74–0.97) 1 0.85 (0.77–0.94) 1 0.80 (0.63–1.03)

Model 2† 1 0.85 (0.71–1.01) 1 0.85 (0.76–0.94) 1 0.80 (0.65–0.97)

Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban

N 28 235 28 235 11 882 11 882 31 143 31 143

Dementia, N 290 399 87 119 360 279

Follow-up, mean, y 1.2 1.7 0.8 1.3 1.1 0.8

Incidence rate (per 1000 person-years) 8.5 8.2 8.8 7.3 10.6 11.0

HRs (95% CIs)

Model 1* 1 1.03 (0.85–1.24) 1 0.95 (0.65–1.38) 1 0.99 (0.85–1.16)

Model 2† 1 1.02 (0.79–1.32) 1 0.92 (0.63–1.36) 1 1.01 (0.86–1.19)

CI indicates confidence interval; HR, hazard ratio; OAC, oral anticoagulant.
*Model 1 was adjusted for age, sex, and prevalent cognitive impairment in the study from MarketScan and for age, sex, race, education level, household income level, and prevalent
cognitive impairment in the study from Optum.
†Model 2 was additionally adjusted for comorbidities, medications, and CHA2DS2-VASc and HAS-BLED scores.
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Study Strengths and Limitations
Our study has some important limitations. First, we relied on
claims data to define AF, dementia, and baseline characteristics,
which may lack clinical fidelity compared with using clinical
criteria, complete medical records, and detailed evaluation of
cognitive function. In our primary analysis, we used inpatient
claims to define dementia diagnosis, likely leading to an
underestimate of dementia rates, because cases of dementia
that were less severe were not captured by hospitalization
records. Although we assumed a low sensitivity in this analysis,
the specificitywas expected to be high, because ICD-9-CM codes
of high validity were used to define dementia diagnosis.16 We
also repeated the analysis using an alternative definition of
incident dementia, using dementia codes in either inpatient or
outpatient records, which did not have a major impact on the
results. Second, in addition to outcome misclassification, we
categorized OAC user groups on the basis of their first
prescription of OACs, regardless of whether they stopped taking
them or switched to other OACs later. Third, patterns of
discontinuation and switching may not be random across OACs
(eg, patients prescribed warfarin were more likely to switch to
other OAC therapies or to stop taking their medication). As a
result, using initiation of prescription to representOACuse in this
study would have limitations. However, associations remained

essentially the same when we censored patients at the time of
OAC discontinuation or switching. Fourth, misclassifications of
covariates, including race, were also possible.

Confounding by indication is a concern in this analysis.
Individuals who were prescribed DOACs may be inherently
different from those who were prescribed warfarin, and there
may be uncontrolled confounding, because of unmeasured
information at the time of prescription. Of particular concern is
baseline cognitive status if the likelihood of being prescribed a
DOAC or warfarin is affected by perceived cognitive function. To
address this limitation, we conducted an analysis evaluating
type of OAC prescribed in patients with AF and dementia or
cognitive impairment codes compared with patients without
dementia or cognitive impairment codes. This analysis showed
that baseline cognition status had only a weak association with
the OAC prescribed (ie, a DOAC or warfarin). In addition, in the
main analysis, we adjusted for an extensive list of potential
confounders by conducting propensity score matching and
including the confounders in the Cox model; this makes the
problem of confounding by indication less of a concern,
although it cannot be ruled out completely.

Other limitations of the present analysis include the
potential lack of generalizability, because the population was
restricted to individuals with commercial insurance, Medicare
Supplemental insurance (MarketScan), or Medicare Advantage

Table 4. Meta-Analyzed HRs and 95% CIs of Incident Dementia in OAC Comparison Cohorts: MarketScan and Optum, 2010–2015.
Dementia was defined on the basis of inpatient and outpatient diagnoses

Variable Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban

N 45 439 45 439 60 178 60 178 30 218 30 218

Dementia, N 1877 1709 2352 1587 1143 660

Follow-up, mean, y 1.7 1.9 1.4 1.2 1.2 0.8

Incidence rate (per 1000 person-years) 24.5 19.6 27.3 22.2 32.6 27.5

HRs (95% CIs)

Model 1* 1 0.79 (0.74–0.84) 1 0.80 (0.62–1.04)† 1 0.75 (0.52–1.06)†

Model 2‡ 1 0.79 (0.71–0.88) 1 0.79 (0.63–0.99)† 1 0.73 (0.52–1.02)†

Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban

N 27 596 27 596 11 582 11 582 30 271 30 271

Dementia, N 690 900 186 321 869 660

Follow-up, mean, y 1.2 1.7 0.8 1.4 1.1 0.8

Incidence rate (per 1000 person-years) 20.9 19.1 19.9 20.7 26.9 27.4

HRs (95% CIs)

Model 1* 1 1.01 (0.72–1.41)† 1 1.22 (0.77–1.92)† 1 0.94 (0.85–1.04)

Model 2‡ 1 1.00 (0.71–1.42)† 1 1.19 (0.74–1.92)† 1 0.96 (0.86–1.06)

CI indicates confidence interval; HR, hazard ratio; OAC, oral anticoagulant.
*Model 1 was adjusted for age, sex, and prevalent cognitive impairment in the study from MarketScan and age, sex, race, education level, household income level, and prevalent cognitive
impairment in the study from Optum.
†Heterogeneous between studies.
‡Model 2 was additionally adjusted for comorbidities, medications, and CHA2DS2-VASc and HAS-BLED scores.
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(Optum). Restricting analyses to patients matched on propen-
sity score could be an additional source of restricted gener-
alizability, especially for those initiating warfarin and those
initiating dabigatran in their comparison with other DOACs.
Finally, the limited follow-up led to a small number of events,
particularly for some comparisons, and to uncertainties about
long-term effects of anticoagulation. Because dementia-asso-
ciated diseases can begin decades before they are clinically
obvious, it will be important to assess the long-term effect of
OACs on risk of dementia in future analyses.

Despite the limitations discussed, our analysis has consid-
erable strengths. We were able to assess a relatively rare event
in 2 independent, large populations using administrative claims
data. The large number of enrollees in each group of antico-
agulant users enabled us to perform head-to-head comparisons
between different anticoagulants and use propensity score
matching to generate exchangeable cohorts with practice-
based claims data. The results were robust, because they were
comparable in the MarketScan and Optum databases, even
after adjustment for several markers of social economic status,
and were consistent across diverse definitions of the outcome.

Conclusions
In this analysis comparing dementia rates by type of OAC in 2
large, independent retrospective healthcare use databases,
we observed lower hazards of dementia among patients with
AF initiating DOACs compared with warfarin initiators and
similar hazards of dementia across different DOAC user
groups. Future long-term studies assessing dementia risk in
patients with AF initiating OACs are needed.
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Online Data Supplement 

Table s1. ICD-9-CM codes used to define comorbidities. 

Condition ICD-9-CM codes 

Anemia 280, 281, 282, 283, 284, 285 

Cancer 140-172, 174-195, 200-208, 238.6 

Cerebral bleeding 430, 431, 432, 852 

Coagulopathy 286, 287.1, 287.3, 287.4, 287.5 

Cognitive 

impairment 

331.1-331.9 

Diabetes 250 

Gastrointestinal 

bleeding 

455.2, 455.5, 455.8, 456.0, 456.20, 530.7, 530.82, 531.0, 531.2, 531.4, 531.6, 532.0, 

532.2, 532.4, 532.6, 533.0, 533.2, 533.4, 533.6, 534.0, 534.2, 534.4, 534.6, 535.01, 

535.11, 535.21, 535.31, 535.41, 535.51, 535.61, 537.83, 562.02, 562.03, 562.12, 

562.13, 568.81, 569.3, 569.85, 578.0, 578.1, 578.9 

Heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 

425.4, 425.9, 428 

Hypertension 401, 402, 403, 404, 405 

Prevalent ischemic 

stroke  

433, 434, 435, 436, 437, 438 

Incident ischemic 

stroke* 

434, 436 

Kidney disease 403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 582, 583.0, 
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583.1, 583.2, 583.3, 583.4, 583.5, 583.6, 583.7, 585, 586, 588.0, V42.0, V45.1, V56 

Myocardial 

infarction 

410, 412 

Mood disorders 293.83, 296, 311 

Other bleeding 423.0, 459.0, 568.81, 593.81, 599.7, 623.8, 626.6, 719.1, 784.7, 784.8, 786.3 

Peripheral artery 

disease 

440.0, 440.2, 440.9, 443.9 

*Comorbidities were defined by any position from an inpatient or outpatient claim, except for incident 

ischemic stroke, which was defined by primary position from an inpatient claim. 
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Table s2. Baseline characteristics of patients with atrial fibrillation according to first 

prescribed oral anticoagulant before propensity score matching: MarketScan, 2007-2015. 

  Warfarin Dabigatran  Rivaroxaban Apixaban 

n 217,087 31,305 39,349 19,358 

Age, years, mean (SD) 70 (13) 67 (13) 67 (13) 69 (13) 

Women, % 38 35 38 40 

CHA2DS2-VASc, mean (SD) 3.3 (2.0) 3.1 (2.0) 3.0 (1.9) 3.4 (2.0) 

HAS-BLED, mean (SD) 1.9 (1.2) 1.8 (1.2) 1.7 (1.1) 1.9 (1.2) 

Disease history, % 

Heart failure 29 25 24 28 

Hypertension  70 75 75 80 

Diabetes 30 29 28 30 

Myocardial infarction 10 7.9 8.2 9.3 

Peripheral artery disease 13 11 11 12 

Kidney disease 11 7.4 8.0 12 

Ischemic stroke 21 19 17 20 

GI bleeding* 7.3 7.4 5.8 6.1 

Prior cerebral bleeding 1.0 0.7 0.7 1.0 

Other bleeding 9.3 9.5 8.3 8.6 

Anemia 20 15 17 18 

Coagulopathy 5.9 3.1 3.6 3.8 

Cancer 14 12 12 13 

Mood disorders 7.7 7.8 8.8 9.2 
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Cognitive impairment 3.0 2.7 2.5 2.9 

COPD† 24 23 23 24 

Other medications, % 

Antiplatelet 2.1 2.2 2.0 2.5 

Diuretic 44 37 35 38 

Antiarrhythmic 6.6 11 11 11 

Digoxin 18 14 11 10 

ACE inhibitor‡ 38 37 34 35 

Angiotensin receptor blocker 22 24 23 25 

Beta-blocker 69 72 71 74 

Calcium channel blocker 38 40 39 41 

Lipid lowering medication 57 57 55 59 

*GI bleeding: gastrointestinal bleeding; †COPD: chronic obstructive pulmonary disease; ‡ACE 

inhibitor: angiotensin converting enzyme inhibitor; §SD: standard deviation. 
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Table s3. Baseline characteristics of patients with atrial fibrillation according to first prescribed oral 

anticoagulant before propensity score matching: Optum 2009-2015. 

  Warfarin Dabigatran Rivaroxaban Apixaban 

n 112,051 15,185 22,480 11,786 

Age, years, mean (SD) 73 (11) 69 (12) 70 (12) 73 (11) 

Women, % 42 37 40 45 

Race, % 

Asian 1.8 2.3 2.2 2.1 

Black 7.4 6.6 6.4 7.0 

Hispanic 6.8 5.7 6.5 6.3 

White 77 79 78 77 

Unknown 6.9 6.8 7.5 8.0 

Education level, % 

Less than 12th Grade 0.6 0.3 0.4 0.5 

High School Diploma 29 26 25 27 

Less than Bachelor Degree 54 53 54 53 

Bachelor Degree Plus 12 17 16 15 

Unknown 4.0 3.7 4.3 5.3 

Household income range, % 

<$40 K 34 24 24 27 

$40 K- $49 K 9.0 7.5 8.0 8.5 

$50 K- $59 K 7.7 7.3 7.5 7.3 

$60 K- $74 K 9.2 9.9 10 9.1 
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$75 K- $99 K 11 13 13 12 

$100 K+ 16 27 25 23 

Unknown 14 12 12 13 

CHA2DS2-VASc, mean (SD) 4.2 (2.0) 3.6 (2.0) 3.8 (2.1) 4.2 (2.1) 

HAS-BLED, mean (SD) 2.5 (1.3) 2.3 (1.3) 2.4 (1.3) 2.7 (1.3) 

Disease history, % 

Heart failure 38 30 31 36 

Hypertension 84 85 85 88 

Diabetes 37 34 35 37 

Myocardial infarction 14 11 12 14 

Peripheral artery disease 21 17 21 23 

Kidney disease 21 14 17 22 

Ischemic stroke 26 23 25 29 

GI bleeding* 9.2 9.2 11 12 

Prior cerebral bleeding 1.3 0.9 1.0 1.5 

Other bleeding 12 12 15 16 

Anemia 30 23 28 30 

Coagulopathy 8.2 4.5 5.7 5.9 

Cancer 16 14 16 16 

Mood disorders 12 12 14 15 

Cognitive impairment 4.8 3.8 4.2 5.3 

COPD† 31 28 31 33 

Other medications, % 
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Antiplatelet 13 13 14 16 

Diuretic 47 39 41 47 

Antiarrhythmic 18 26 23 26 

Digoxin 17 13 11 10 

ACE inhibitor‡ 44 42 43 45 

Angiotensin receptor blocker 19 22 25 27 

Beta-blocker 68 72 72 76 

Calcium channel blocker 41 44 45 48 

Lipid lowering medication 59 59 60 64 

*GI bleeding: gastrointestinal bleeding; †COPD: chronic obstructive pulmonary disease; ‡ACE 

inhibitor: angiotensin converting enzyme inhibitor; §SD: standard deviation.  
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Table s4. Distribution of patients by sex and anticoagulant dosage. Standard dose is 150 mg for 

dabigatran, 20 mg for rivaroxaban, 5 mg for apixaban. Reduced dose is 75 mg for dabigatran, 10 

or 15 mg for rivaroxaban, 2.5 mg for apixaban. 

Women - MarketScan 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

Standard N/A 9,549 (87%) N/A 10,350 (70%) N/A 6,007 (77%) 

Reduced N/A 1,437 (13%) N/A 4,503 (30%) N/A 1,798 (23%) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

Standard 4,443 (72%) 5,350 (85%) 2,059 (81%) 2,121 (85%) 5,316 (68%) 6,025 (77%) 

Reduced 1,735 (28%) 944 (15%) 469 (19%) 387 (15%) 2,499 (32%) 1,799 (23%) 

                Optum 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

Standard N/A 4,815 (86%) N/A 6,114 (68%) N/A 3,929 (74%) 

Reduced N/A 806 (14%) N/A 2,880 (32%) N/A 1,375 (26%) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

Standard 2,585 (69%) 3,187 (84%) 1,427 (79%) 1,485 (82%) 3,427 (65%) 3,928 (74%) 

Reduced 1,155 (31%) 622 (16%) 379 (21%) 336 (18%) 1,881 (35%) 1,375 (26%) 

Men - MarketScan 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

Standard N/A 19,059 (94%) N/A 19,837 (81%) N/A 10,255 (89%) 

Reduced N/A 1,259 (6%) N/A 4,512 (19%) N/A 1,245 (11%) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

Standard 9,892 (83%) 10,919 (93%) 4,201 (91%) 4,240 (92%) 9,192 (80%) 10,289 (89%) 
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Reduced 1,987 (17%) 844 (7%) 396 (9%) 377 (8%) 2,351 (20%) 1,245 (11%) 

          Optum 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

Standard N/A 8,896 (93%) N/A 10,823 (81%) N/A 5,622 (87%) 

Reduced N/A 662 (7%) N/A 2,622 (19%) N/A 858 (13%) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

Standard 5,295 (82%) 5,863 (92%) 2,647 (90%) 2,665 (91%) 5,009 (77%) 5,622 (87%) 

Reduced 1,143 (18%) 506 (8%) 304 (10%) 271 (9%) 1,466 (23%) 858 (13%) 
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Table s5. Incidence of dementia among patients with atrial fibrillation initially treated 

with dabigatran, rivaroxaban, or apixaban versus warfarin: MarketScan, 2010-2015. 

Dabigatran vs Warfarin 

n  31,304 31,304 

Dementia, n 419 450 

Follow-up in years, 

mean 1.8 1.6 

Incident rate (per 1000 

person-years) 7.4 9.0 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.80 (0.70, 0.91) 1 

Model 2 † 0.78 (0.68, 0.89) 1 

    

Rivaroxaban vs Warfarin 

n  39,202 39,202 

Dementia, n 383 552 

Follow-up in years, 

mean 1.1 1.3 

Incident rate (per 1000 

person-years) 8.7 10.5 

Hazard ratio (95% 

confidence interval) 
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Model 1* 0.89 (0.78, 1.02) 1 

Model 2† 0.88 (0.77, 1.01) 1 

    

Apixaban vs Warfarin 

n  19,305 19,305 

Dementia, n 160 264 

Follow-up in years, 

mean 0.7 1.1 

Incident rate (per 1000 

person-years) 11.3 12.4 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.90 (0.73, 1.09) 1 

Model 2† 0.87 (0.71, 1.06) 1 

    

*Model 1 adjusted for age, sex, and prevalent cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s6. Incidence of dementia among patients with atrial fibrillation initially treated 

with dabigatran, rivaroxaban, or apixaban versus warfarin: Optum, 2010-2015 

Dabigatran vs Warfarin 

n  15,179 15,179 

Dementia, n 305 289 

Follow-up in years, 

mean 2.2 2.0 

Incident rate (per 1000 

person-years) 9.2 9.7 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.92 (0.79, 1.09) 1 

Model 2† 0.93 (0.79, 1.09) 1 

    

 Rivaroxaban vs Warfarin 

n  22,439 22,439 

Dementia, n 265 392 

Follow-up in years, 

mean 1.4 1.7 

Incident rate (per 1000 

person-years) 8.6 10.5 

Hazard ratio (95% 

confidence interval) 
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Model 1* 0.81 (0.69, 0.94) 1 

Model 2† 0.80 (0.69, 0.94) 1 

    

Apixaban vs Warfarin 

n  11,784 11,784 

Dementia, n 117 210 

Follow-up in years, 

mean 0.9 1.3 

Incident rate (per 1000 

person-years) 10.5 13.6 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.70 (0.56, 0.89) 1 

Model 2† 0.71 (0.56, 0.90) 1 

    

*Model 1 adjusted for age, sex, race, education level, household income level, and prevalent 

cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s7. Meta-analyzed hazard ratios and 95% confidence intervals of incident dementia in 

oral anticoagulant comparison cohorts with further adjustment of incident ischemic stroke: 

MarketScan and Optum, 2010-2015. 

Hazard ratios 

(95% 

confidence 

intervals) Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

  

Model 1* 1 

0.85 (0.74, 

0.97) 1 

0.85 (0.77, 

0.94) 1 

0.80 (0.63, 

1.03) 

Model 2 † 1 

0.85 (0.71, 

1.01) 1 

0.85 (0.76, 

0.94) 1 

0.80 (0.65, 

0.97) 

Model 3‡ 1 

0.85 (0.71, 

1.02) 1 

0.87 (0.78, 

0.96) 1 

0.80 (0.65, 

0.99) 

*Model 1 adjusted for age, sex, and prevalent cognitive impairment in study from 

MarketScan and age, sex, race, education level, household income level, and prevalent 

cognitive impairment in study from Optum; 

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score; 

   ‡Model 3 additionally adjusted for incident ischemic stroke. 
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Table s8. Comparisons of incidence of dementia (defined based on inpatient diagnosis) among 

patients with atrial fibrillation initially treated with dabigatran, rivaroxaban, or apixaban: 

MarketScan, 2010-2015. 

Dabigatran vs Rivaroxaban 

n 18,057 18,057 

Dementia, n 211 164 

Follow-up in years, mean 1.6 1.1 

Incident rate (per 1000 

person-years) 7.5 8.1 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.94 (0.76, 1.15) 1 

Model 2† 0.90 (0.73, 1.10) 1 

    

Dabigatran vs Apixaban 

n 7,125 7,125 

Dementia, n 60 48 

Follow-up in years, mean 1.2 0.7 

Incident rate (per 1000 

person-years) 6.7 9.0 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.79 (0.54, 1.16) 1 
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Model 2† 0.76 (0.51, 1.13) 1 

    

Apixaban vs Rivaroxaban 

n 19,358 19,358 

Dementia, n 160 206 

Follow-up in years, mean 0.7 1.0 

Incident rate (per 1000 

person-years) 11.3 10.7 

Hazard ratio (95% 

confidence interval) 

Model 1* 1.03 (0.83, 1.27) 1 

Model 2† 1.03 (0.84, 1.28) 1 

    

*Model 1 adjusted for age, sex, and prevalent cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s9. Comparisons of incidence of dementia (defined based on inpatient diagnosis) 

among patients with atrial fibrillation initially treated with dabigatran, rivaroxaban, or 

apixaban: Optum, 2010-2015 

Dabigatran vs Rivaroxaban 

n  10,178 10,178 

Dementia, n 188 126 

Follow-up in years, mean 1.9 1.4 

Incident rate (per 1000 

person-years) 9.5 9.1 

Hazard ratio (95% confidence interval) 

Model 1* 1.14 (0.90, 1.43) 1 

Model 2† 1.17 (0.93, 1.48) 1 

    

Dabigatran vs Apixaban 

N  4,757 4,757 

Dementia, n 59 39 

Follow-up in years, mean 1.5 1.0 

Incident rate (per 1000 

person-years) 8.3 8.6 

Hazard ratio (95% confidence interval) 

Model 1* 1.16 (0.76, 1.75) 1 

Model 2† 1.13 (0.75, 1.71) 1 
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Apixaban vs Rivaroxaban 

n  11,785 11,785 

Dementia, n 119 154 

Follow-up in years, mean 0.9 1.2 

Incident rate (per 1000 

person-years) 10.6 10.5 

Hazard ratio (95% confidence interval) 

Model 1* 0.94 (0.74, 1.20) 1 

Model 2† 0.99 (0.77, 1.26) 1 

    

*Model 1 adjusted for age, sex, race, education level, household income level, and prevalent 

cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s10. Incidence of dementia among patients with atrial fibrillation initially treated 

with dabigatran, rivaroxaban, or apixaban versus warfarin: MarketScan, 2010-2015. 

Dementia defined based on inpatient and outpatient diagnoses. 

Dabigatran vs Warfarin 

n  30,704 30,704 

Dementia, n 1,043 1,155 

follow-up/year, mean 1.8 1.6 

Incident rate (per 1000 

person-years) 19.0 24.1 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.77 (0.71, 0.84) 1 

Model 2† 0.75 (0.69, 0.82) 1 

    

Rivaroxaban vs Warfarin 

n  38,485 38,485 

Dementia, n 1,005 1,394 

Follow-up/year, mean 1.1 1.3 

Incident rate (per 1000 

person-years) 23.5 27.4 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.91 (0.83, 0.98) 1 
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Model 2† 0.88 (0.81, 0.95) 1 

    

Apixaban vs Warfarin 

n  18,876 18,876 

Dementia, n 415 686 

Follow-up/year, mean 0.7 1.1 

Incident rate (per 1000 

person-years) 30.2 33.4 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.89 (0.78, 1.00) 1 

Model 2† 0.86 (0.76, 0.98) 1 

    

*Model 1 adjusted for age, sex, and prevalent cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s11. Incidence of dementia among patients with atrial fibrillation initially treated 

with dabigatran, rivaroxaban, or apixaban versus warfarin: Optum, 2010-2015. Dementia 

defined based on inpatient and outpatient diagnoses. 

Dabigatran vs Warfarin 

n  14,735 14,735 

Dementia, n 666 722 

Follow-up in years, mean 2.2 1.9 

Incident rate (per 1000 

person-years) 20.9 25.2 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.82 (0.74, 0.92) 1 

Model 2† 0.84 (0.75, 0.93) 1 

    

Rivaroxaban vs Warfarin 

n  21,693 21,693 

Dementia, n 582 958 

Follow-up in years, mean 1.4 1.6 

Incident rate (per 1000 

person-years) 19.8 27.0 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.70 (0.63, 0.78) 1 
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Model 2† 0.70 (0.63, 0.78) 1 

    

Apixaban vs Warfarin 

n  11,342 11,342 

Dementia, n 245 457 

Follow-up in years, mean 0.9 1.3 

Incident rate (per 1000 

person-years) 22.9 31.3 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.62 (0.53, 0.73) 1 

Model 2† 0.61 (0.52, 0.72) 1 

    

*Model 1 adjusted for age, sex, race, education level, household income level, and prevalent 

cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s12. Comparisons of incidence of dementia (defined based on inpatient and 

outpatient diagnosis) among patients with atrial fibrillation initially treated with 

dabigatran, rivaroxaban, or apixaban: MarketScan, 2010-2015. 

Dabigatran Vs Rivaroxaban 

n  17,722 17,722 

Dementia, n 497 437 

Follow-up in years, mean 1.6 1.1 

Incident rate (per 1000 

person-years) 18.0 21.9 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.85 (0.75, 0.97) 1 

Model 2† 0.84 (0.73, 0.95) 1 

    

Dabigatran vs Apixaban 

n  6,991 6,991 

Dementia, n 168 117 

Follow-up in years, mean 1.3 0.7 

Incident rate (per 1000 

person-years) 19.4 22.6 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.97 (0.76, 1.23) 1 
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Model 2† 0.94 (0.74, 1.20) 1 

    

Apixaban vs Rivaroxaban 

n  18,930 18,930 

Dementia, n 415 546 

Follow-up in years, mean 0.7 1.0 

Incident rate (per 1000 

person-years) 30.1 29.2 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.96 (0.85, 1.09) 1 

Model 2† 0.97 (0.85, 1.10) 1 

    

*Model 1 adjusted for age, sex, and prevalent cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s13. Comparisons of incidence of dementia (defined based on inpatient and 

outpatient diagnosis) among patients with atrial fibrillation initially treated with 

dabigatran, rivaroxaban, or apixaban: Optum, 2010-2015.  

Dabigatran vs Rivaroxaban 

n  9,874 9,874 

Dementia, n 403 253 

Follow-up in years, 

mean 1.9 1.4 

Incident rate (per 1000 

person-years) 21.2 19.0 

Hazard ratio (95% 

confidence interval) 

Model 1* 1.20 (1.03, 1.41) 1 

Model 2† 1.20 (1.02, 1.41) 1 

    

Dabigatran vs Apixaban 

n  4,591 4,591 

Dementia, n 153 69 

Follow-up in years, 

mean 1.5 0.9 

Incident rate (per 1000 

person-years) 22.6 15.9 

Hazard ratio (95% 
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confidence interval) 

Model 1* 1.55 (1.16, 2.08) 1 

Model 2† 1.53 (1.14, 2.05) 1 

    

Apixaban vs Rivaroxaban 

n  11,341 11,341 

Dementia, n 245 323 

Follow-up in years, 

mean 0.9 1.2 

Incident rate (per 1000 

person-years) 22.9 23.0 

Hazard ratio (95% 

confidence interval) 

Model 1* 0.91 (0.77, 1.08) 1 

Model 2† 0.93 (0.78, 1.10) 1 

    

*Model 1 adjusted for age, sex, race, education level, household income level, and prevalent 

cognitive impairment;  

†Model 2 additionally adjusted for comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score. 
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Table s14. Database-specific and meta-analyzed hazard ratios and 95% confidence intervals of 

incident dementia in oral anticoagulant comparison cohorts using refined baseline cognitive 

impairment adjustment: MarketScan and Optum, 2010-2015 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

MarketScan 1 (ref.) 0.78 (0.68, 0.89) 1 (ref.) 0.88 (0.77, 1.01) 1 (ref.) 0.88 (0.72, 1.07) 

Optum 1 (ref.) 0.92 (0.78, 1.09) 1 (ref.) 0.80 (0.68, 0.94) 1 (ref.) 0.71 (0.56, 0.89) 

Pooled 1 (ref.) 0.83 (0.75, 0.92) 1 (ref.) 0.85 (0.76, 0.94) 1 (ref.) 0.80 (0.69, 0.93) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

MarketScan 1 (ref.) 0.89 (0.73, 1.10) 1 (ref.) 0.74 (0.50, 1.10) 1 (ref.) 1.04 (0.84, 1.28) 

Optum 1 (ref.) 1.17 (0.92, 1.47) 1 (ref.) 1.13 (0.74, 1.71) 1 (ref.) 0.92 (0.72, 1.18) 

Pooled 1 (ref.) 1.00 (0.86, 1.17) 1 (ref.) 0.90 (0.68, 1.20) 1 (ref.) 0.99 (0.84, 1.16) 

Results from Cox models adjusted for age, sex, prevalent cognitive impairment in inpatient 

claims, prevalent cognitive impairment in outpatient claims, comorbidities, medications, 

CHA2DS2-VASc and HAS-BLED scores, and, in the Optum dataset, race, education level, and 

household income. 
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Table s15. Database-specific and meta-analyzed hazard ratios and 95% confidence intervals of 

incident dementia in oral anticoagulant comparison cohorts censoring patients at the time of oral 

anticoagulant discontinuation or switching: MarketScan and Optum, 2010-2015 

 Warfarin Dabigatran Warfarin Rivaroxaban Warfarin Apixaban 

MarketScan 1 (ref.) 0.79 (0.64, 0.96) 1 (ref.) 0.89 (0.75, 1.06) 1 (ref.) 0.85 (0.67, 1.08) 

Optum 1 (ref.) 0.83 (0.64, 1.06) 1 (ref.) 0.85 (0.69, 1.04) 1 (ref.) 0.66 (0.50, 0.87) 

Pooled 1 (ref.) 0.81 (0.69, 0.94) 1 (ref.) 0.87 (0.76, 1.00) 1 (ref.) 0.76 (0.64, 0.91) 

 Rivaroxaban Dabigatran Apixaban Dabigatran Rivaroxaban Apixaban 

MarketScan 1 (ref.) 0.86 (0.65, 1.13) 1 (ref.) 0.65 (0.40, 1.07) 1 (ref.) 1.02 (0.80, 1.30) 

Optum 1 (ref.) 1.00 (0.73, 1.38) 1 (ref.) 1.00 (0.61, 1.65) 1 (ref.) 0.87 (0.65, 1.16) 

Pooled 1 (ref.) 0.92 (0.74, 1.13) 1 (ref.) 0.80 (0.57, 1.14) 1 (ref.) 0.96 (0.79, 1.15) 

Results from Cox models adjusted for age, sex, prevalent cognitive impairment in inpatient 

claims, prevalent cognitive impairment in outpatient claims, comorbidities, medications, 

CHA2DS2-VASc and HAS-BLED scores, and, in the Optum dataset, race, education level, and 

household income. 
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Table s16. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs)* of dementia in matched cohort 

stratified by age, gender, and CHA2DS2-VASc score: MarketScan, 2010-2015. 

Comparison of DOACs with Warfarin 

Comparison among Dabigatran, Rivaroxaban, and 

Apixaban 

  n 

Hazard Ratio 

(95% CI)   n 

Hazard Ratio 

(95% CI) 

Dabigatran vs Warfarin Dabigatran vs Rivaroxaban 

Age≤75 44,714 0.84 (0.61, 1.15) Age≤75 26,744 0.90 (0.57, 1.44) 

Age>75 17,894 0.77 (0.66, 0.89) Age>75 9,370 0.90 (0.71, 1.13) 

p-value 0.56 p-value 0.87 

Men 40,729 0.80 (0.66, 0.97) Men 23,642 0.90 (0.66, 1.24) 

Women 21,879 0.76 (0.63, 0.91) Women 12,472 0.87 (0.66, 1.14) 

p-value 0.59 p-value 0.65 

CHA2DS2-VASc <2 15,309 0.36 (0.10, 1.34) CHA2DS2-VASc <2 9,638 0.39 (0.04, 3.57) 

CHA2DS2-VASc ≥2 47,299 0.78 (0.69, 0.90) CHA2DS2-VASc ≥2 26,476 0.89 (0.73, 1.11) 

p-value 0.37 p-value 0.80 

      

Rivaroxaban vs Warfarin Dabigatran vs Apixaban 

Age≤75 54,897 0.73 (0.54, 0.98) Age≤75 10,441 0.68 (0.26, 1.75) 

Age>75 23,507 0.94 (0.81, 1.08) Age>75 3,809 0.82 (0.53, 1.26) 

p-value 0.21 p-value 0.55 

Men 48,465 0.77 (0.62, 0.94) Men 9,214 0.62 (0.34, 1.14) 

Women 29,939 0.99 (0.83, 1.18) Women 5,036 0.90 (0.52, 1.54) 
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p-value 0.10 p-value 0.33 

CHA2DS2-VASc <2 17,587 1.00 (0.37, 2.74) CHA2DS2-VASc <2 

CHA2DS2-VASc ≥2 60,817 0.89 (0.78, 1.01) CHA2DS2-VASc ≥2 

p-value 0.82 

      

Warfarin vs Apixaban Apixaban vs Rivaroxaban 

Age≤75 25,070 0.81 (0.50, 1.30) Age≤75 25,552 1.08 (0.65, 1.81) 

Age>75 13,540 0.90 (0.72, 1.12) Age>75 13,164 1.03 (0.82, 1.30) 

p-value 0.60 p-value 0.71 

Men 23,075 0.90 (0.66, 1.21) Men 23,077 1.18 (0.86, 1.64) 

Women 15,535 0.85 (0.65, 1.11) Women 15,639 0.91 (0.69, 1.20) 

p-value 0.69 p-value 0.19 

CHA2DS2-VASc <2 6,960 0.43 (0.04, 4.60) CHA2DS2-VASc <2 7,463 0.36 (0.04, 3.25) 

CHA2DS2-VASc ≥2 31,650 0.88 (0.72, 1.08) CHA2DS2-VASc ≥2 31,253 1.05 (0.85, 1.30) 

p-value 0.28 p-value 0.24 

    

*Models adjusted for age, sex, prevalent cognitive impairment, comorbidities, medications, CHA2DS2-VASc and 

HAS-BLED score. 

†DOAC: direct oral anticoagulant. 
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Table s17. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs)* of dementia in matched cohort 

stratified by age and gender: Optum, 2010-2015. 

Comparison of DOACs with Warfarin 

Comparison among Dabigatran, Rivaroxaban, and 

Apixaban 

  n 

Hazard Ratio 

(95% CI)   n 

Hazard Ratio 

(95% CI) 

Dabigatran vs Warfarin Dabigatran vs Rivaroxaban 

Age≤75 20,530 0.61 (0.41, 0.89) Age≤75 13,744 0.54 (0.32, 0.91) 

Age>75 9,828 1.04 (0.87, 1.25) Age>75 6,612 1.41 (1.09, 1.84) 

p-value 0.01 p-value 0.002 

Men 19,164 0.93 (0.73, 1.18) Men 12,807 1.06 (0.77, 1.47) 

Women 11,194 0.93 (0.75, 1.16) Women 7,549 1.30 (0.93, 1.81) 

p-value 0.93 p-value 0.44 

      

Rivaroxaban vs Warfarin Dabigatran vs Apixaban 

Age≤75 28,909 0.71 (0.50, 0.99) Age≤75 6,212 0.65 (0.22, 1.88) 

Age>75 15,969 0.86 (0.72, 1.03) Age>75 3,302 1.27 (0.80, 2.03) 

p-value 0.24 p-value 0.26 

Men 26,866 0.96 (0.76, 1.21) Men 5,887 1.92 (0.95, 3.87) 

Women 18,012 0.70 (0.56, 0.87) Women 3,627 0.80 (0.47, 1.38) 

p-value 0.04 p-value 0.04 

      

Apixaban vs Warfarin Apixaban vs Rivaroxaban 
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Age≤75 13,447 0.90 (0.52, 1.54) Age≤75 13,459 1.20 (0.67, 2.17) 

Age>75 10,121 0.69 (0.53, 0.89) Age>75 10,111 0.94 (0.72, 1.23) 

p-value 0.45 p-value 0.52 

Men 12,921 0.55 (0.39, 0.80) Men 12,976 0.79 (0.54, 1.16) 

Women 10,647 0.86 (0.63, 1.17) Women 10,594 1.17 (0.85, 1.61) 

p-value 0.09 p-value 0.12 

      

*Models adjusted for age, sex, race, education level, household income level, prevalent cognitive impairment, 

comorbidities, medications, CHA2DS2-VASc and HAS-BLED score. 

†DOAC: direct oral anticoagulant. 
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Table s18. Odds ratios (ORs) and 95% confidence intervals (CIs) of having DOAC 

prescription (versus warfarin) among atrial fibrillation patients with dementia and cognitive 

impairment before OAC initiation compared with cognitively normal patients: MarketScan, 

2007-2015, and Optum, 2009-2015.  

 Individuals with 

dementia and other 

cognitive impairment Cognitively normal enrollees 

MarketScan n 13,224 298,333 

 OR* (95%CI) 0.99 (0.90, 1.10) 1  

    

Optum n 11,146 153,874 

 OR† (95%CI) 0.91 (0.81, 1.03) 1  

    

Combined  0.96 (0.88, 1.04) 1  

    

*Odds ratio adjusted for age, sex, comorbidities, medications, CHA2DS2-VASc and HAS-

BLED score in MarketScan; 

†Odds ratio adjusted for age, sex, race, education level, household income level, 

comorbidities, medications, CHA2DS2-VASc and HAS-BLED score in Optum. 

‡DOAC: direct oral anticoagulant; OAC: oral anticoagulant.  

 

 


