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BACKGROUND: Frailty is often cited as a factor influenc-
ing oral anticoagulation (OAC) prescription in patients
with non-valvular atrial fibrillation (NVAF). We sought to
determine the prevalence of frailty and its associationwith
OAC prescription in older veterans with NVAF.
METHODS: We used ICD-9 codes in Veterans Affairs (VA)
records andMedicare claims data to identify patients with
NVAF and CHA2DS2VASC≥2 receiving care between Feb-
ruary 2010 and September 2015. We examined rates of
OAC prescription, further stratified by direct oral antico-
agulant (DOAC) or vitamin K antagonist (VKA). Partici-
pants were characterized into 3 categories: non-frail,
pre-frail, and frail based on a validated 30-item EHR-
derived frailty index.We examined relations between frail-
ty andOAC receipt; and frailty and type of OACprescribed
in regression models adjusted for factors related to OAC
prescription.
RESULTS: Of 308,664 veterans with NVAF and a
CHA2DS2VASC score ≥2, 121,839 (39%) were prescribed
OAC (73% VKA). The mean age was 77.7 (9.6) years;
CHA2DS2VASC and ATRIA scores were 4.6 (1.6) and 5.0
(2.9) respectively. Approximately a third (38%) were frail,
another third (32%) were pre-frail, and the remainder
were not frail. Veterans prescribed OAC were younger,
had higher bleeding risk, and were less likely to be frail
than participants not receiving OAC (all p’s<0.001). After
adjustment for factors associated with OAC use, pre-frail
(OR: 0.89, 95%CI: 0.87–0.91) and frail (OR: 0.66, 95%CI:
0.64–0.68) veterans were significantly less likely to be
prescribed OAC than non-frail veterans. Of those pre-
scribed OAC, pre-frail (OR:1.27, 95% CI: 1.22–1.31) and
frail (OR: 1.75, 95% CI: 1.67–1.83) veterans were signifi-
cantlymore likely thannon-frail veterans to be prescribed
a DOAC than a VKA.

CONCLUSIONS: There are high rates of frailty among
older veterans with NVAF. Frailty using an EHR-derived
index is associated with decreased OAC prescription.
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INTRODUCTION

Anticoagulation (AC) decision-making in older individuals
with atrial fibrillation (AF) is complex since age is associated
both with an elevated risk for stroke from untreated AF and
bleeding complications with oral anticoagulation (OAC).1 In
addition to advancing age, stroke risk relates strongly to co-
morbid conditions that are prevalent among older adults,
including hypertension and diabetes.2 Despite the fact that
older AF patients are frequently at higher risk for stroke than
younger patients, up to 40% of patients above the age of 63
years remain untreated with OAC in national registries.3 Fur-
thermore, for each decade after age 75, 15% lower rates of
OAC prescription are observed, suggesting that aging-related
factors strongly influence OAC decision-making.3,4 When
surveyed about reasons for withholding OAC in older adults,
clinicians frequently point to concern for falls and perceived
frailty as key factors that influence bleeding risk.3

Frailty is a syndrome associated with aging that results from
depleted physiological reserve and is associated with in-
creased vulnerability to illness in the face of stressors.5–8 Since
cardiovascular disease can cause multiorgan impairment, it
can contribute directly to frailty.9 Whether frailty is associated
with OAC prescribing patterns is unclear, with several studies
suggesting that frail AF patients are less likely to receive OAC
than non-frail patients,10–12 and other studies finding no asso-
ciation between frailty and OAC prescribing.13,14
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Furthermore, recent observational studies suggest that older
AF patients may have fewer complications if they are treated
with direct oral anticoagulants (DOACs) than vitamin K an-
tagonists (VKA),15,16 but associations between frailty and type
of OAC prescribed are not well established.
The recent validation of a frailty assessment using struc-

tured data in the VA electronic health record enables us to
examine relations between frailty and OAC prescribing in a
large contemporary cohort of veterans.17 We sought to assess
the relations between OAC prescription and frailty among
older patients with AF and evaluate the use of VKA vs. DOAC
medications in this population.

METHODS

Study Population

This study included VA beneficiaries who had recorded a
diagnostic code for non-valvular AF between 2010 and
2015, during an inpatient or ambulatory visit, based on the
International Classification of Diseases, Ninth Revision (ICD
9) code 427.31. The study years were selected to begin when
DOACs were approved for use and after the adoption of the
CHA2DS2VASC risk score for stroke risk classification.18,19

We excluded participants with mitral stenosis, rheumatic heart
valve disease, mechanical heart valves, or other indications for
anticoagulation such as deep vein thrombosis or pulmonary
embolism (Supplementary eTable 1). We restricted the cohort
to participants with a CHA2DS2VASC ≥2 to restrict to partic-
ipants eligible to receive OAC according to the 2011 Ameri-
can College of Cardiology/American Heart Association Con-
sensus Guidelines on the Management of Atrial Fibrillation.19

The study was approved by the Institutional Review Boards of
the University of Massachusetts Medical School and the Bed-
ford VA Medical Center, with a waiver of informed consent.

Frailty Status Calculation

Frailty was defined using a validated VA-frailty index (VA-FI)
which is based on the cumulative deficit method.17,20 We
removed AF from the original VA-FI definition to avoid com-
plete saturation of the cohort with that variable.20 Hence, a total
of 30 deficits were used for the calculation (Supplementary
eTable 2). The total number of deficits for an individual was
counted and divided by 30 (the total number of possible
deficits) to give a VA-FI score between 0 and 1. To ensure
adequate calculation of frailty, we included relevant claims
codes in the same year as AF diagnosis (time of entry into
the cohort) and 2 years prior.17 For example, if the AF diag-
nosis was made first in 2014, we used the period between 2012
and 2014 to query ICD9 codes for frailty status determination.
This ensures the capture of deficits even for veterans who only
sought care at irregular intervals and allows for diagnoses to
drop off rather than perpetually assuming all codes relate to
active conditions. For example, if cancer were diagnosed in

2010, treated in 2011, and no longer coded in 2012, it would
not enter the frailty index calculation. A similar approach was
taken to determine CHA2DS2VASC scores and ATRIA scores
at the time of AF diagnosis. Based on consensus in the litera-
ture and prior work,21–2425 we used pre-defined cut points to
divide the cohort into three categories based on the frailty
index: non-frail (frailty index between 0 and 0.1), pre-frail
(frailty index from 0.11 to 0.2), and frail (frailty index > 0.2).

Data Abstraction

Demographic, clinical, treatment, and laboratory characteris-
tics were obtained from the EHR at the time of study enroll-
ment. These data included participants’ age, sex, race, VA
entitlement status, comorbidities relevant to stroke and bleed-
ing risk (e.g., diabetes, hypertension, heart failure, anemia,
chronic kidney disease), cardiovascular treatments (i.e., use
of anti-platelet agents), and total number of medications. In-
formation about key laboratories, including serum creatinine
and hemoglobin, was also abstracted from the health record.
CHA2DS2VASC and ATRIA bleeding risk scores were cal-
culated based on relevant clinical data in the electronic health
record. We also calculated a count of Elixhauser Comorbidi-
ties for each patient.20 The electronic health record was que-
ried for any of the following medication names to determine
whether the participant was prescribed an OAC: warfarin,
coumadin, jantoven, coumarin for VKA, as well dabigatran/
Pradaxa, edoxaban/Savaysa, rivaroxaban/Xarelto, eliquis/
Apixaban for DOACs. Those patients whose initial OAC
prescription occurred within 30 days of an inpatient admission
were characterized as inpatient-initiation and others were char-
acterized as having had outpatient-initiation of OAC. Aspirin
prescription data was excluded from the analyses since most
patients purchase it over the counter and it is not reliably
captured in VA data.

Statistical Analysis

We compared the characteristics of the participants with
NVAF prescribed OAC vs. those were who were not using
analysis of variance (ANOVA) for continuous variables and
the χ2 test for categorical variables. Similarly, we compared
the characteristics of participants who were prescribed a VKA
vs. those prescribed a DOAC. In logistic regression models,
we examined the association of frailty with OAC treatment
(yes/no) and type (VKA/DOAC) using prespecified covariates
that were known to be associated with the prescription of OAC
but not included in the frailty index, ATRIA, or
CHA2DS2VASC scores.410–14,16 We limited the number of
covariates in the models to avoid over-fitting. The prespecified
covariates included for adjustment in fully adjusted regression
models for both prescription of OAC and type of OAC in-
cluded gender, race, marital status, depression, smoking, heart
failure, vascular disease, hypertension, diabetes, intracranial
bleeding, stroke, alcohol abuse, VA entitlement, CKD stage,
clopidogrel use, medication count, body mass index, hospital
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admission within the prior 4 weeks, prescription of prasugrel,
ticagrelor, statin, beta-blocker, or angiotensin-converting en-
zyme inhibitor or angiotensin receptor blocker. To analyze
how FI correlated with other existing scores in literature, we
computed the Pearson correlation coefficient between the
frailty score and three existing standard scores: Atria score,
Elixhauser Index, and CHA2DS2VASC score. Since our frail-
ty score is between 0 and 1, we normalized the other scores
also by diving with the max possible value for each score. All
analyses were conducted using SAS, version 9.4 (SAS Cor-
poration, Cary, NC).

RESULTS

The baseline characteristics of the 308,664 veterans with
NVAF included in our sample are shown in Table 1. The
mean age of all participants was 77.7 years (SD 9.6) and
2.1% were women. The mean CHA2DS2VASC score was
4.6 (SD 1.6) and the mean ATRIA score was 5 (2.9)
(Table 1).Most (86%) participants were white. Cardiovascular
and non-cardiovascular comorbidities, including major bleed-
ing (37%), were prevalent among both OAC-treated and un-
treated veterans with NVAF. Just over one-third of study
participants were frail (n=109,475, based on FI>0.2) and an
additional one-third were pre-frail (n= 99,185, 0.1>FI>0.2,
Fig. 1a). There was a weak correlation among the prespecified
pairs i.e., FI-CHA2DS2VASC: 0.45; FI-ATRIA: 0.41; and FI-
Elixhauser: 0.44.
Of the patients prescribed OAC, 96,282 (79%) received

their initial OAC prescription in the ambulatory setting where-
as 25,557 (21%) prescriptions were initiated in the context of
an in-hospital stay (Supplementary eTable 3). Compared to
patients with NVAF not prescribed OAC, veterans who were
prescribed an OAC were significantly younger had a higher
average Elixhauser Comorbidity Index, as well as higher rates
of cardiovascular risk factors and diseases, including stroke,
heart failure, and diabetes (Table 1). Participants receiving
OAC had, on average, a lower ATRIA bleeding risk score,
as well as lower rates of GI bleeding, intracranial bleeding,
anemia, and bleeding risk factors (i.e., renal failure, Table 1).
Notably, stroke risk (CHA2DS2VASC) did not differ by OAC
treatment status in our cohort.
Approximately 40% (n=121,839) of veterans with NVAF

treated between 2010 and 2015 were prescribed an OAC, out
of which 88,495 (71%) were prescribed a VKA and 33,344
(29%) received a DOAC. Figure 1b shows the breakdown of
participants by frailty class stratified by type of OAC pre-
scribed. Among those receiving a DOAC, 11,003 (33%) were
on apixaban, 13,004 (39%) were on dabigatran, 9336 (28%)
were on rivaroxaban, and 12 (<1%) were prescribed
edoxaban. Among veterans with NVAF treated with an
OAC, those who were prescribed VKA had, on average, a
higher ATRIA bleeding risk score, higher rates of anemia and
renal failure, and a higher Elixhauser comorbidity than did

veterans with NVAF who were prescribed a DOAC (Table 2).
Those prescribed a VKA also had significantly higher rates of

Table 1 Characteristics of Participants with Non-valvular Atrial
Fibrillation and Elevated Stroke Risk by Status of Oral

Anticoagulation Prescription

Oral anticoagulant p
value

Yes
N= 121,839
(39%)

No
N= 186,825
(61%)

Age, M (SD) 75.7 (9.1) 79.0 (9.7) <.0001
Age category
<75 years 59,368 (49) 63,990 (34) <.0001
75–84 years 34,564 (28) 53,208 (28)
>=85 years 27,907 (23) 69,627 (37)
Female 21922 4324 (2) <.0001
CHA2DS2VASC score
mean (SD)

4.6 (1.5) 4.6 (1.6) 0.12

ATRIA score mean (SD) 4.7 (2.8) 5.2 (2.9) <.0001
Body mass index category
<25 26,909 (22) 54,771 (29)
25–30 38,496 (32) 59,771 (32)
31–35 28,411 (23) 35,874 (19)
>35 25,144 (21) 22,938 (12) <.0001
Race/ethnicity
Asian/Hispanic 15521 23681 <.0001
Black 10,839 (9) 13,161 (7)
Native American 752 (0.6) 1,141 (0.6)
White 103,585 (85) 162,333 (87)
Marital status
Divorced 30,304 (25) 34,852(19) <.0001
Married 68,503 (56) 111,560 (60)
Single 71 (0.06) 144 (0.08)
Widowed 15,715 (13) 30,470 (16)
Admissions 4 weeks prior 7315 (6) 8835 (5) <.0001
Medical history
Dementia 15,774 (13) 37,492 (20) <.0001
Depression 37,632 (31) 54,923 (29) <.0001
Current smoker 32,655 (27) 40,855 (22) <.0001
Heart failure 65,013 (53) 90,737 (49) <.0001
Peripheral vascular disease 28,038 (23) 36,475 (20) <.0001
Hypertension 117,413 (96) 175,830 (94) <.0001
Diabetes 68,651 (56) 91,988 (49) <.0001
Liver disease 31,945 (16) 18,343 (15) .01
Major bleeding 45,068 (37) 69,598 (37) 0.33
GI bleeding 23,646 (19) 36,961 (20) 0.036
Intracranial bleeding 3273 (3) 6559 (4) <.0001
Stroke 32,040 (26) 47,224 (25) <.0001
Alcohol abuse 16,239 (13) 21,112 (11) <.0001
Anemia 51,716 (42) 91,832 (49) <.0001
Asthma/COPD 54,837 (45) 83,152 (44) 0.0241
Renal failure 44,096 (36) 70,822 (37) <.0001
Elixhauser Comorbidity
Index, mean (SD)

6.09 (3.3) 5.30 (3.5) <.0001

VA entitlement
Service connected or aid
and attendance (no
copayment)

61,229 (50) 88,185 (47) <0.001

Non-service connected 60,504 (50) 98,305 (53) <0.001
Laboratory values
Creatinine (mg/dL), mean
(SD)

1.43 (3.2) 1.49 (9.0) 0.26

Hemoglobin (g/DL), mean
(SD)

12.3 (2.6) 12.0 (2.6) 0.06

Frailty category
Non-frail 40,037(33) 59,967 (32) <.0001
Pre-frail 42,756 (35) 56,429 (30)
Frail 39,046 (32) 70,429 (38)
Region
Mid-west 30,133 (25) 43,565 (23) <.0001
North east 16,842 (14) 34,481 (18)
South 48,322 (40) 70,525 (38)
West 26,542 (22) 38,254 (20)

Note: All values are N (%) unless otherwise noted
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major bleeding, intracranial bleeding, and gastrointestinal
bleeding than didNVAF patients treated with a DOAC. Stroke
risk did not differ by type of OAC prescribed.
In the fully adjusted models, pre-frail (OR: 0.89; 95% CI:

0.87, 0.91) and frail (OR: 0.66; 95% CI: 0.64, 0.68) patients
with NV AF were significantly less likely to be prescribed an
OAC than were non-frail NVAF patients (Table 3). Among
patients with NVAF who were prescribed an OAC, pre-frail
(OR: 1.27; 95% CI: 1.22, 1.31) and frail (OR: 1.75; 95% CI:
1.67, 1.83) patients were significantly more likely than non-
frail patients to be prescribed a DOAC as opposed to VKA
(Table 4).

DISCUSSION

In this well-characterized cohort of VA beneficiaries with
NVAF and a CHA2DS2VASC stroke risk score ≥2, we ap-
plied a validated frailty index which incorporates variables
from the electronic medical records. We found that two-
thirds of older veterans with NVAF were either pre-frail or
frail and that these vulnerable patients were significantly less
likely to be prescribed an OAC as compared to their non-frail
counterparts. Among NVAF patients who were prescribed an
OAC, pre-frail and frail status were associated with higher
odds of being prescribed a DOAC than a VKA agent.
In this cohort, we found a high prevalence and severity of

frailty akin to that reported previously in populations with
cardiovascular disease (10–60%), including among prior stud-
ies of veterans.9–14 It has been reported that compared to the
general American population, Veterans tend to have a higher
incidence of medical comorbidities such as hypertension, di-
abetes, cancer, and mental and cognitive deficits such as post-
traumatic stress disorder and depression.26,27,28 Half of our
cohort had heart failure, majority had hypertension, half had
diabetes, and about one-fifth had dementia, which is higher
than reported in other cohorts, and consistent with VA

data.11,13,27 We found a weak correlation between FI and other
contemporary indices for stroke prediction (CHA2DS2VASC
score), bleeding (ATRIA score), and comorbidity (Elixhauser
comorbidity index). We believe this; although these indices
share some common variables, other clinically important var-
iables such as dementia, incontinence, auditory and vision
deficits, use of durable medical equipment, etc. that are in-
cluded in the FI are not part of the other indices suggesting that
FI is a more comprehensive assessment tool.
Furthermore, we observed low rates (39%) of AC prescrip-

tion among those with NVAF and a CHA2DS2VASC risk
score ≥2. Although rates of OAC use are increasing national-
ly,18 our findings are consistent with other contemporary
studies outside of the VA showing relatively low rates of
OAC use among older NVAF (< 60%).4,11,29 It is possible,
but unlikely, that we underestimated the true rate of DOAC
prescription (i.e., OAC prescribed outside of the VA health
system) since the copayment for medications at VA is a flat $9
permonth for anymedication, which would remove the barrier
of cost for DOACs within VA pharmacy. With such a low
copayment inside the VA system, the prospect of a dually
eligible patient receiving a DOAC outside the VA seems
unlikely.
To our knowledge, this is the largest study evaluating the

association of frailty with OAC prescription in patients with
NVAF. Our data suggest that frail veterans are less likely to be
prescribed OAC than non-frail veterans. This is consistent
with previous studies, including a cross-sectional study of
682 older AF patients, where frailty (defined based on a
clinical frailty scale) was associated with threefold lower odds
of OAC prescription.12 In a meta-analysis of 6 studies, the
authors showed that frailty was associated with lower OAC
prescription at hospital admission but not at discharge whereas
a community-dwelling study showed increased OAC prescrip-
tion with frailty.10 Similarly, in an analysis of 9749 patients
from the ORBIT-AF registry, both frailty and cognitive
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impairment were associated with a significantly lower likeli-
hood of AC prescription.11 However, several other studies

show no association between frailty status and use of OAC
in NVAF patients.13,14 Notably, the methods used to define
frailty varied across the studies, including the cardiovascular
health study frailty scale and the Edmonton frailty scale. To
the best of our knowledge, our investigation is the only study
to date to employ a digital approach to assess frailty in NVAF
patients and relate it to OAC prescribing. Importantly, the
frailty index is a global measure of physical disability, falls,
deficits in cognition, and other aging-related domains than
other individual comorbidity indices such as cognition, mem-
ory, and gait speed. One of the reasons for these discrepant
findings may be the variable rates of OAC prescribing ob-
served across the studies, as low as 17% in a nursing home
cohort30 whereas, in other contemporary ambulatory cohorts,
up to 85% are prescribed OAC.13

Despite the fact that DOACs were FDA approved for
NVAF near the onset of our cohort, the high prevalence of
renal dysfunction, and high rates of polypharmacy observed in
our cohort, DOACs were prescribed at similar rates compared
to other contemporary NVAF cohorts.13 This may be aided by
the fact that the copayment for DOACs in VA was relatively

Table 2 Characteristics of Participants with Non-valvular Atrial
Fibrillation and Elevated Stroke Risk by Types of Oral

Anticoagulant

Warfarin
N=88,495
(71%)

Direct oral
anticoagulant
N= 33,344
(29%)

p value

Age, M (SD) 75.6 (9.2) 75.9 (8.7) <.0001
Age category
<75 years 43,155 (49) 16,213 (49) 0.005
75–84 years 24,908 (28) 9656 (29)
>=85 years 20,432 (23) 7475 (22)
Female 15892 603 (2) 0.88
CHA2DS2VASC score
(M, SD)

4.69 (1.5) 4.42 (1.6) 0.12

ATRIA score (M, SD) 4.84 (2.9) 4.27 (2.7) <.0001
Body mass index category
<25 19,873 (23) 7036 (20)
25–30 26,404 (31) 12,092 (34)
31–35 19,495 (23) 8916 (25)
>35 17,980 (21) 7,164 (20) <.0001
Race/ethnicity
Asian/Hispanic 11371 415 (1)
Black 8665 (10) 21746

Native American 561 (0.6) 191 (1)
White 74,319 (84) 29,266 (88) <.0001
Marital status
Divorced 23,287 (26) 7017 (21) <.0001
Married 47,546 (54) 20,957 (63)
Single 54 (0.06) 17 (0.05)
Widowed 12,069 (14) 3646 (11)
Admission 4 weeks
prior

5153 (6) 21626 <.0001

Medical history
Dementia 11,866 (14) 3908 (11) <.0001
Depression 12,193(14) 3581 (11) <.0001
Current smoker 24,741 (28) 7914 (24) <.0001
Heart failure 50,198 (57) 14,815 (44) <.0001
Peripheral vascular
disease

22,139 (25) 5899 (18) <.0001

Hypertension 85,236 (96) 32,177 (97) 0.13
Diabetes 51,354 (58) 17,297(52) <.0001
Liver disease 13,354(15) 4989(15) 0.5778
Major bleeding 33,833 (38) 11,235 (34) <.0001
GI bleeding 17,853 (20) 5793 (17) <.0001
Intracranial bleeding 26723 601 (2) <.0001
Stroke 24,262 (27) 7778 (23) <.0001
Alcohol abuse 11,974 (14) 4265 (13) 0.0007
Anemia 39,237 (44) 12,479 (37) <.0001
Asthma/COPD 41,441 (47) 13,396 (40) <.0001
Renal failure 34,555 (39) 9541 (29) <.0001
Elixhauser Comorbidity
Index, mean (SD)

6.58 (3.3) 4.90 (3.2) <.0001

VA entitlement
Service connected or aid
and attendance (no
copayment)

61,229 (50) 88,185 (47) <0.0001

Non-service connected 60,504 (50) 98,305 (53) <0.0001
Creatinine (mg/dL),
mean (SD)

1.50 (2.7) 1.24 (4.1) 0.27

Hemoglobin (g/DL),
mean (SD)

12.3 (2.6) 12.5 (2.6) 0.0006

Frailty category
Non-frail 29,755 (34) 10,282 (31) <.0001
Pre-frail 30,967(35) 11,789 (35)
Frail 27,773 (31) 11,273 (34)
Region
Mid-west 21,723 (25) 8410 (25) 0.0002
North east 12,113 (14) 4729 (14)
South 35,146 (40) 13,176 (40)
West 19,513 (22) 7029 (21)

Note: All values are N (%) unless otherwise noted

Table 3 Association Between Frailty Status and Prescription of
Oral Anticoagulation, among Those with Non-valvular Atrial

Fibrillation (N = 308664)

Frailty
status

N Percent on oral
anticoagulation

Odds ratio (95%
confidence interval) for
anticoagulation use

Crude Adjusted*

Non-
frail

100,004 40 Reference Reference

Pre-frail 99,185 43 1.14 (1.12,
1.16)

0.89 (0.87,
0.91)

Frail 109,475 37 0.83 (0.82,
0.85)

0.66 (0.64,
0.68)

*Model adjusted for gender, race, marital status, depression, current
smoker, heart failure, vascular disease, hypertension, diabetes, intra-
cranial bleeding, GI bleeding, anemia, stroke, alcohol abuse, VA
entitlement, CKD stage, medication count, BMI, admission 4 weeks
prior, clopidogrel, prasugrel, ticagrelor, statin, beta blocker, and
ACEI/ARB. Values in Bold indicate p<0.05

Table 4 Association between Frailty Status and Use of DOAC vs.
Warfarin, among Those Receiving OAC (N=121839)

Frail
status

Number of
patients

Percent on
DOAC

Odds ratio (95%
confidence interval) for
DOAC

Crude Adjusted*

Non-
frail

40,037 26 Reference Reference

Pre-
frail

42,756 28 1.12
(1.08,1.15)

1.27 (1.22,
1.31)

Frail 39,046 29 1.25 (1.21,
1.29)

1.75 (1.67,
1.83)

*Model adjusted for gender, race, marital status, depression, current
smoker, heart failure, vascular disease, hypertension, diabetes, intra-
cranial bleeding, GI bleeding, anemia, stroke, alcohol abuse, VA
entitlement, CKD stage, medication count, BMI, admission 4 weeks
prior, clopidogrel, prasugrel, ticagrelor, statin, beta blocker, and
ACEI/ARB. Values in Bold indicate p<0.05
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low ($9/month). Furthermore, we found that frail veterans
with NVAF were more likely to be prescribed a DOAC than
warfarin. Since the FI includes geriatric conditions, including
mobility issues (i.e., the use of a walker), clinicians may favor
DOACs because they have fewer burdensome issues than
warfarin (i.e., no need for INR draws), less dietary restrictions,
and improved compliance. Since the first DOAC was ap-
proved in 2010, there has been an increased utilization of
DOACs and a decrease in VKA use.18,31 In a post hoc analysis
from the ARISTOTLE trial where patients were characterized
based on multi-morbidity, the safety and efficacy of apixaban
were preserved in the group with high multi-morbidity,32

suggesting that these patients may be eligible for DOACs.
Our study also has several limitations. We included only

veterans, which limits generalizability. The participants were
mostly white men, which also limits the application of these
findings to women and people of other races and ethnicities.
The frailty index evenly weights 30 diagnoses, which may not
accurately reflect the full degree of disability of a participant.
For example, stroke may be more disabling than anemia and
may be considered by healthcare providers when they pre-
scribe OAC therapy. However, the cumulative deficit theory
of frailty posits that if one morbidity is significantly impacting
other body systems and frailty domains, these will be counted,
such that the FI weights itself.33 Certain conditions, such as
dementia and depression, are known to be under-reported in
the medical record and participants with cognitive impairment
or depressive symptoms may have not been characterized
accurately by relying on EHR diagnoses. In our models, we
included items that were also in the FI, which may introduce
endogeneity. However, other studies of frailty have suggested
that the aggregate FI value is more important than the individ-
ual components, and when compared to a phenotype defini-
tion, results are similar.34 We were not able to characterize
switching from one type of OAC to another during the study
timeframe which may have influenced our findings. Charac-
terization of OAC initiation as inpatient vs. outpatient may be
inaccurate as there may be misclassification of patients who
may have had their OAC initiated at non-VA hospitals. Frailty
may have a linear correlation with OAC prescription and
perhaps with outcomes in AF patients. Our study looked at
the relation with absolute presence or absence of frailty (based
on the FI) with OAC prescription rather than stratifying frailty
into arbitrary sub-groups. This was done to define a clinically
meaningful measure (frail vs. non-frail) which can be used in
future studies to enhance risk stratification and clinical out-
comes. Lastly, although our cohort is in line with other con-
temporary data reported in the literature, we acknowledge that
we restricted participants to those who had the diagnosis of AF
prior to 2015. These data may not accurately reflect OAC
prescription practices since 2015.

Conclusion. Our findings suggest that a frailty index
calculated from electronic health records was associated with

lower odds of OAC prescription and higher odds of receiving
a DOAC vs. a VKA, suggesting that frailty impacts NVAF
care and that an electronic risk score may correlate with
clinician estimates of frailty. Further research is needed to
determine if frailty relates to outcomes among patients with
NVAF and whether the addition of an objective measure of
frailty to contemporary stroke and bleeding risk scores can
enhance outcome risk prediction.
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