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Abstract

Background—Data are needed on the use of oral anticoagulation in patients with atrial
fibrillation (AF) in rural versus urban areas, including the initiation of direct oral anticoagulants
(DOACsS).

Objective—We used Medicare data to examine rural/urban differences in anticoagulation use in
patients with AF.
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Methods—We identified incident AF in a 20% sample of fee-for-service Medicare beneficiaries
(aged = 65 years) from 2011 to 2016 and collected ZIP code and covariates at the time of AF. We
identified the first anticoagulant prescription filled, if any, following AF diagnosis. We categorized
beneficiaries into four rural/urban areas using rural-urban commuting area codes and used Poisson
regression models to compare anticoagulant use.

Results—We included 447,252 patients with AF (mean age 79 + 8 years), of which 82%

were urban, 9% large rural, 5% small rural, and 4% isolated. The percentage who initiated an
anticoagulant rose from 34% in 2011 to 53% in 2016, paralleling the uptake of DOACs. In a
multivariable-adjusted analysis, those in rural areas (vs. urban) were more likely to initiate an
anticoagulant. However, rural beneficiaries (vs. urban) were less likely to initiate a DOAC; those
in isolated areas were 17% less likely (95% confidence interval [CI] 13-20), those in small rural
areas were 12% less likely (95% CI1 9-15), and those in large rural areas were 10% less likely
(95% CI 8-12).

Conclusion—Among Medicare beneficiaries with AF, anticoagulation use was low but increased
over time with the introduction of DOACs. Rural beneficiaries were less likely to receive a DOAC.

Introduction

Individuals with atrial fibrillation (AF), a common cardiac arrhythmia, have a fivefold
increased risk of stroke compared with those without AF, so the mainstay of stroke
prevention in AF is the initiation and maintenance of anticoagulant therapies [1]. The

2014 American College of Cardiology (ACC)/American Heart Association (AHA)/Heart
Rhythm Society (HRS) guidelines for the management of patients with AF recommended
that either warfarin or one of the direct oral anticoagulants (DOACS) be prescribed for those
with nonvalvular AF and a CHA,DS,-VASc sore > 2 [2]. Since 2010, the US FDA has
approved four DOACS for stroke prevention in AF, including the direct thrombin inhibitor
dabigatran and the direct factor Xa inhibitors rivaroxaban, apixaban, and edoxaban. The
DOACs have many advantages over warfarin, including fewer drug interactions, more
predictable pharmacological profiles, an absence of major dietary effects, and a reduced
risk of intracranial bleeding and ischemic stroke [2]. Therefore, the 2019 ACC/AHA/HRS
guidelines stated that DOACs are preferred over warfarin in most cases [3]. Currently,
DOACs account for > 50% of anticoagulants prescribed for patients with AF and have
directly contributed to the rising percentage of patients with AF treated with anticoagulants
[4, 5].

In the USA, nearly 60 million people (19% of the population) are living in rural areas
according to the US Census Bureau. Those in rural areas have higher rates of adverse
cardiovascular disease and risk factors such as cigarette smoking, hypertension, diabetes,
and obesity, and poorer outcomes such as coronary heart disease and stroke [6-9]. Despite
AF being an established risk factor for stroke, and stroke risk being higher in rural

areas, little is known regarding anticoagulation rates in patients with AF in rural versus
urban areas. Furthermore, no data have been published addressing the adoption of DOAC
prescriptions in rural areas of the USA. Rural patients face additional challenges with the
distance to a care facility, and a medication such as warfarin, with its need for frequent
monitoring, may place additional burden on the patient. Differences in the initiation of
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anticoagulation and DOAC use by rural/urban status may identify an area of practice
improvement for providers to reduce the burdens of stroke and healthcare utilization in a
population of older adults.

Using a sample of Medicare beneficiaries, which included detailed patient geographic
location information, we described trends in oral anticoagulant prescription fills, including
the initiation of DOACS, in patients with AF from 2011 to 2016. We also compared type
of anticoagulation treatment in Medicare beneficiaries with AF living in rural versus urban
areas.

2 Methods
2.1 Study Population

We conducted a retrospective study using healthcare utilization claims data from a 20%
sample of Medicare beneficiaries from 2011 to 2016. We limited the cohort to beneficiaries
receiving fee-for-service Medicare who were aged = 65 years living in the USA, and—to
capture all medication fills—beneficiaries must have been enrolled in a stand-alone Part

D prescription drug plan. To be included, beneficiaries must have had at least 90 days of
continuous enrollment in Medicare Parts A/B/D without supplemental coverage during the
years 2011-2016. We required at least the first 90 days of a beneficiaries’ observation time
to be free of AF diagnosis codes and anticoagulation codes to (1) capture incident AF
events, (2) capture the first anticoagulation prescription following an AF event, and (3) to
serve as a run-in period to capture patient health information and comorbidities prior to

an AF event. If a beneficiary enrolled in supplemental coverage after the first 90 days, we
censored them at the time of supplemental enrollment. For this analysis, we also required at
least a 30-day follow-up period after AF diagnosis to allow an appropriate time window for
the beneficiary to fill an anticoagulant prescription.

The initial sample included 910,649 patients with AF aged 65-112 years. The exclusion
flow chart is depicted in Fig. 1. We excluded those with an AF diagnosis or prescription fill
for an anticoagulant during the first 90 days of enrollment (n= 412,076), those initiating
edoxaban (because of small numbers; n= 296), those with less than 30 days of follow-up (7
=50,026), and those with a missing ZIP code or a ZIP code in a US territory (7= 819). Our
final analytic sample for the trends analysis overall was 447,252; for the analyses comparing
rural versus urban, 202,074 of those were successfully matched. This study was approved by
the University of Minnesota Institutional Review Board as exempt because deidentified data
were used.

2.2 Ascertainment of Atrial Fibrillation

This analysis included patients aged > 65 years with at least one inpatient claim for

AF or two outpatient claims for AF 7-365 days apart. AF claims were identified using
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis codes 427.3, 427.31, and 427.32 and ICD-10-CM codes starting 1 October 2015
of 148.x in any position, which is a standard definition used in claims analysis [10, 11]. The
validity of ICD-9-CM codes for the identification of AF has been well-established, with a
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systematic review of studies showing a positive predictive value (PPV) of approximately
90% and a sensitivity of approximately 80% [12]. We defined the AF diagnosis date as the
earlier of (1) the earliest discharge date for an inpatient claims or (2) the earliest service date
of the outpatient or physician claim. Consistent with prior research, two outpatient claims
were required to diagnose outpatient AF to minimize the impact of rule-out diagnosis and to
improve specificity [11].

2.3 Defining Rural and Urban Beneficiaries

We captured the beneficiary ZIP code at the time of AF diagnosis. We cross-walked ZIP
codes to Rural-Urban Communing Area (RUCA) codes, which are approximation codes
developed by the University of Washington Rural Health Research Center [13] commonly
used to define rural and urban areas [14]. RUCA codes combine standard Census definitions
with area commuting behaviors to capture functional and work relationships between
regions.

We used a common four-category classification to access the rurality of beneficiaries: urban
(RUCA codes 1-3,4.1,5.1, 7.1, 8.1, 10.1), large rural (RUCA codes 4.0, 4.2, 5.0, 5.2, 6.0,
6.1), small rural (RUCA codes 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2), and isolated
(RUCA codes 10, 10.2, 10.3, 10.4, 10.5, 10.6) [14]. In a secondary analysis, we reported
rural-urban trends in oral anticoagulation use by stratifying the USA into four US Census
Bureau-designated regions: northeast (CT, ME, MA, NH, RI, VT, NJ, NY, PA), midwest (IN,
IL, MI, OH, WI, IA, KA, MN, MO, NE, ND, SD), south (DE, D.C., FL, GA, MD, NC, SC,
VA, WV, AL, KY, MS, TN, AR, LA, OK, TX), and west (AZ, CO, ID, NM, MT, UT, NV,
WY, AK, CA, HI, OR, WA).

2.4 Anticoagulation Treatment Definitions

We identified filled prescriptions for oral anticoagulation using Part D pharmaceutical
claims data, which included the prescription fill date, the strength, and the number of days
supplied. Beneficiaries were assigned to the first anticoagulant filled in either the 30 days
prior to or anytime following their first AF claim. We included prescriptions initiated for
warfarin, dabigatran, rivaroxaban, and apixaban in this analysis. We excluded edoxaban
users because numbers were small. The validity of warfarin claims in administrative
databases is excellent, with a sensitivity of 94% and a PPV of 99% [15]. Validation studies
of DOAC claims have not yet been conducted.

2.5 Covariates

Using the Medicare files, we identified covariates prevalent at the time of AF diagnosis.
Race was self-reported, and we categorized it into categories of white, Black, and other/
unknown (because numbers were small). We defined predetermined covariates based on
inpatient, outpatient, carrier, and pharmacy claims using validated published algorithms
[16-18]. These included demographic characteristics, comorbidities, and prior or current
pharmacy prescription fills. Comorbidities of interest were ascertained with published
algorithms from inpatient and outpatient claims and included prior stroke/transient ischemic
attack (TI1A), hemorrhagic stroke, heart failure, myocardial infarction, hypertension,
diabetes, peripheral arterial disease, liver disease, kidney disease, chronic pulmonary
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disease, malignancies (except malignant skin neoplasm), metastatic cancer, history of
bleeding, hematological disorders (anemia, coagulation defects), dementia, depression,
and alcohol abuse [16, 17]. ICD codes for the comorbidity variables are listed in Table

1 in the electronic supplementary material (ESM). We captured prescription fills for

the following medication groups: clopidogrel, angiotensin-converting enzyme inhibitors,
angiotensin-receptor blockers, B-blockers, calcium channel blockers, antiarrhythmics, and
statins. We calculated the CHA,DS,-VASc score [19] at AF date; this consisted of
congestive heart failure, hypertension, age (1 point for age 65-74 years; 2 points for =

75 years), diabetes, prior stroke or TIA (2 points), vascular disease, and female sex. The
HAS-BLED score [20] was calculated using the variables hypertension, abnormal renal/liver
function, stroke, bleeding history or disposition, elderly (age > 65 years), and drugs/alcohol
concomitantly. The variable international normalized ratio (INR) is normally included in
the HAS-BLED score but was not available for this cohort in Medicare. We used Medicare
carrier claims to identify provider specialty at outpatient visits. Beneficiaries who saw

a cardiology provider within a predetermined period (30 days prior to or 90 days after

AF diagnosis) were classified in the cardiology group, whereas patients seen exclusively
by internal medicine, family practice, or medical doctor or an unspecified multispecialty
group were classified as primary care. Patients seen by a cardiologist were included in the
cardiology provider group, regardless of whether they also saw noncardiology providers.
Lastly, to take into account the biased propensity of an individual to seek care, we
incorporated a variable of seeking preventive service, which we captured as receipt of the
influenza vaccine within the year prior to AF diagnosis.

2.6 Statistical Analysis

We examined the anticoagulant prescription fill patterns in AF Medicare patients in rural
versus urban areas. We compared baseline characteristics at the time of AF diagnosis
between the four rurality groups. We evaluated the proportion of patients with AF who filled
oral anticoagulant prescriptions using graphs, first overall by year and quarter, and then

in each rural/urban category by year. We also determined oral anticoagulant prescriptions
within the CHA,DS,-VVASCc score by rural category.

To compare proportions of anticoagulants, we first created a propensity score for levels of
rurality. We used multivariable logistic regression to predict the probability of living in each
classification of rural area (vs. the urban area) based on the aforementioned covariates. We
matched beneficiaries based on AF date (+ 30 days), age (£ 1 years), sex, CHA,DS,-VASc
score (x 0), and propensity score (+ 0.01). We used a greedy matching algorithm to match
one beneficiary from each of the three rural categories with up to two beneficiaries in the
urban category [21]. We used Poisson regression models with robust variance estimates to
compute risk ratios (RRs) and 95% confidence intervals (Cls) [22]. The model adjusted

for age (continuous), race (white, Black, other), sex, CHA,DS,-VASc score (categorical,
0-9), HAS-BLED score (continuous), specialist care (cardiology: yes/no), and the additional
covariates listed above and in Table 1.

We examined effect modification by sex, race, and age (< 75 years, = 75 years) by adding
a multiplicative interaction term in the model. A sensitivity analysis was limited to patients
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with AF who qualified for oral anticoagulants (CHA,DS,-VASc scores = 2); because of
the advanced age and multimorbidity of Medicare patients, we had to exclude only a small
percentage (< 2%) of beneficiaries because of low CHA,DS,-VASc scores. We conducted
an additional sensitivity analysis requiring a 180-day run-in time instead of 90 days.
3 Results

After exclusion criteria were applied, our study included 447,252 beneficiaries with AF
(mean age 79 + 8 years), of which 369,357 (83%) lived in an urban area, 38,167 (9%) lived
in a large rural area, 21,934 (5%) lived in a small rural area, and 17,794 (4%) lived in an
isolated rural area. Characteristics of the total cohort of patients with AF are listed in Table
1. Those in urban areas were slightly older, were more likely to be a non-white race, were
more likely to have seen a cardiologist, and had a higher CHA,DS,-VASc score than those
in rural areas.

We present several figures to graphically depict anticoagulation initiation over the study
period for the entire cohort. Overall temporal trends of the anticoagulants by year and
quarter are depicted in Fig. 1 in the ESM. In 2011, only 34% of beneficiaries used
anticoagulants; by 2016, the percentage was 53%. The proportion of warfarin users
decreased every year after 2012, whereas the uptake of DOACS increased every year. By
2016, apixaban was the most commonly used anticoagulant. Figure 2 shows the temporal
trends of anticoagulation initiation by urban/rural category. Total anticoagulation increased
in a similar manner in each of the four rural/urban categories over time. Warfarin use is
depicted with a clear gradient across rurality, and for every year, the highest percentage

of patients with AF prescribed warfarin were in the rural areas, with those in isolated

areas appearing to be the most likely to receive warfarin and the least likely to receive a
DOAC. This pattern persisted when we pooled years and stratified anticoagulation initiation
by CHA,DS,-VASC score, as presented in Fig. 3. Overall, anticoagulation frequency was
higher in those in more rural areas, but those in rural areas were more likely to be

receiving warfarin than were those in urban areas. In Fig. 2 in the ESM, we present

patterns of anticoagulant initiation by rural/urban category in four areas of the USA. Total
anticoagulation was highest in the northeast region and lowest in the southern region. DOAC
use was highest in the southern region.

The characteristics of patients after the 2 (urban) to 1 (rural) matching are listed in Table

2 in the ESM. Patients were well-matched with regards to age and comorbidities. Those in
rural areas were more likely to be of white race and, overall, had slightly less cardiology
involvement than did those in urban areas. Statistical comparisons between rural/urban areas
using the matched sample are listed in Table 2. Compared with urban areas, those in isolated
areas were 8% more likely to use an anticoagulant (RR 1.08; 95% CI 1.05-1.11). However,
they were 17% less likely to use a DOAC than those in urban areas (RR 0.83; 95% Cl
0.80-0.87). In those taking DOACS, there were no statistically significant differences in
prescription fills between isolated rural and urban areas. A similar pattern was seen in the
two other rural categories: those in small rural areas were 5% more likely (95% CI 3-8) to
be receiving anticoagulants but 12% less likely (95% CI 9-15) to use a DOAC. Those in
large rural areas were 2% more likely (95% CI 0-4) to be receiving anticoagulants but 10%
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less likely (95% CI 8-12) to use a DOAC. In those taking DOACS, patients in the large rural
areas were more likely to receive dabigatran than those in urban areas.

Results were nearly identical when limited to those with a CHA,DS,-VASC score = 2, and
results were similar when we required a 180-day run-in period instead of the 90-day run-in
period (Table 3 in the ESM). We observed lower overall anticoagulation rates in women
(8% lower) than in men, but these rates did not differ by rural/urban status. Similar to other
reports, we observed lower anticoagulation rates in beneficiaries of Black race (16% lower)
and other/unknown race (13% lower) compared with whites, but these rates did not differ by
rural/urban status. We also did not observe a significant interaction for age by rural/urban
status.

4 Discussion

In this retrospective administrative claims analysis of Medicare patients with AF, the
proportion of patients with AF prescribed anticoagulants remained low but increased over
time to 53% in 2016. This increase corresponded with the introduction of the DOACs.
Overall, any anticoagulation use was higher among those in rural areas than in those in
urban areas; however, DOAC initiation was lower in rural areas than in urban areas, with
those in isolated areas least likely to be using a DOAC. This pattern persisted across

all CHA,DS,-VASC scores. Regional variations in the proportion of beneficiaries using
anticoagulants were modest, as were differences in proportions initiating DOACs.

Studies from the early 2000s showed that warfarin was underused among Medicare
beneficiaries [23]. Our study used updated Medicare data, and our results indicated that
anticoagulation was still underutilized in the Medicare population, but the introduction of
DOACSs to the market was associated with an increased percentage of patients with AF
being prescribed anticoagulants. Hernandez et al. [24] evaluated the regional variation in
anticoagulant use in Medicare patients in 2013-2014 and found the adjusted probability of
receiving any anticoagulant use was lowest in the south, and DOAC use was lowest in the
northern USA. Our study indicated that a similar regional treatment effect held true through
2016. Similar to previous studies, we found that any oral anticoagulation use, including
DOAC initiation, was lower in beneficiaries of Black race and other/unknown race than in
whites and was also lower in females [25, 26]. In our study, these race and sex patterns held
true across all rural/urban categories. We also observed that, in those receiving a DOAC,
those in rural areas were slightly more likely to receive dabigatran than were those in urban
areas, but this was only significantly different in large rural areas in our main analysis. This
may reflect the years included in the study (2011-2016) and that we categorized patients
according to the first prescription fill following their AF event, so our analysis would not
capture those who switched to a different DOAC later in the study. More recent data on
DOAC prescriptions are needed.

Our study adds to the literature by showing that DOAC initiation in Medicare patients
remains lower in isolated and rural areas than in urban areas. European and North American
guidelines for the management of AF incorporate recommendations on using DOACS as an
alternative to warfarin [2, 27], and the updated 2019 ACC/AHA/HRS guidelines clarified
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that DOAC:s are preferred over warfarin except in moderate to severe mitral stenosis and
mechanical heart valves [3]. Currently, recommendations specifically for rural patients are
not mentioned in the guidelines. However, because of the individualized approaches to

INR monitoring that require frequent visits (approximately monthly) for patients receiving
warfarin, along with barriers faced by rural patients with AF, such as distance to coagulation
clinics, it has been suggested that rural patients should be considered for DOACs instead

of warfarin [28]. One barrier to DOAC initiation might be the higher cost and copayment
for DOACs versus warfarin. However, the evidence suggests that long-term therapy with
DOACs may be more cost effective than warfarin treatment [29, 30], primarily because

of lower monitoring costs and reduced numbers of patients with strokes and systemic
embolism. Given that our study population consisted of only Medicare beneficiaries with

a stand-alone Part D plan, further research should be conducted in privately insured
populations and in those with supplemental insurance to determine whether similar DOAC
prescription patterns exist in those rural patients. If DOAC prescription patterns in rural
areas differ by insurance type, the patterns observed in our study could be the result of costs
and copayment options unique to this Medicare population and would identify an area for
improvement.

Reports suggest cardiology providers are more likely to prescribe oral anticoagulants than
are primary care providers [31-34], which possibly results in a lower risk of stroke among
patients who are managed by cardiology specialists [32]. Our study took into account
whether patients had seen a cardiology provider in the time period around AF diagnosis, and
those in the most isolated areas were less likely to have seen a cardiologist. We observed that
cardiology providers did prescribe DOACS at a higher rate than did primary care providers.
However, most patients in our Medicare cohort had seen a cardiology provider around the
time of AF (80%), so adjusting for provider specialty did not influence our estimates. Still,
because of differences in the initiation of DOACs and because those in isolated areas were
less likely to see a cardiology provider, educating providers in rural areas to prescribe
DOACSs over warfarin may reduce the burdens of stroke and healthcare utilization for older
adults in rural areas.

4.1 Limitations

This study had several limitations that should be considered. First, this analysis was limited
to fee-for-service Medicare beneficiaries with a stand-alone Part D plan, and this is a subset
of all Medicare beneficiaries that is known to have a lower socioeconomic status and more
comorbidities than those with supplemental coverage. Therefore, our results may not be
generalizable to the entire Medicare (aged = 65 years) population. Second, we used ICD-9
and -10 codes to identify AF cases and comorbid conditions, and some misclassification

is unavoidable despite using validated algorithms. Third, unmeasured confounding is a
known limitation in observational studies using administrative claims data. Although we
attempted to account for many measured patient characteristics in our multivariable model
that may have accounted for differences in rural/urban patients, unmeasured factors (e.g.,
socioeconomic status, distance from a clinic) possibly influenced our findings. Fourth,
more up-to-date data are needed to examine recent trends. Lastly, we had information only
on prescriptions filled by patients, not on the medication prescribed by the provider or
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compliance with therapy. Despite these limitations, our study had numerous key strengths,
including a large sample size of Medicare beneficiaries that allowed us to detect differences
between groups. Also, Medicare data contain individual ZIP codes, which allowed us to
compare rural status on a patient level, which has not been done in other claims-based
datasets. Using this large sample of Medicare data allowed us to identify important
differences between rural and urban populations.

5 Conclusion

In this Medicare population with AF, anticoagulation use remained low but increased over
time, paralleling the introduction of DOACs. However, those in rural areas were less likely
to receive a DOAC than those in urban areas, with the lowest DOAC use occurring in

the most isolated areas. Increasing the use of anticoagulants in general and of DOACs in
particular in patients with AF living in rural areas may reduce the burdens of stroke and
healthcare utilization for older adults in rural areas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. Among Medicare beneficiaries with atrial fibrillation from 2011 to 2016,
anticoagulation use was low but increased over time with the introduction of
direct oral anticoagulants (DOACS).

. Rural beneficiaries were more likely to receive an anticoagulant but less likely
to receive a DOAC.
. The use of anticoagulants should be improved in all geographical areas of the

USA, with a concentrated effort to improve DOAC use in rural areas.
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Medicare beneficiaries 65+ with AF ICD codes

n = 910,469
Excluded: those with AF or anticoagulation codes in
—_— > the first 90 days of continuous enrollment
n=412,076

Initial 90-day window free of AF and
anticoagulants
n = 498,393

——> | Excluded those initiating edoxaban

n =296

n = 498,097

— 3| Excluded those with less than 30 days of follow-up

N=50,026

At least 30 days of follow-up
n = 448,071

Excluded those missing a zip code or not in 50 states

or DC
N=819

Final sample used for descriptives and
eligible for matching
N=447,252

r

Number matched
N=202,074

Fig. 1.

Analysis flowchart of the 20% sample of traditional fee-for-service Medicare Beneficiaries,
2011-2016. AF atrial fibrillation, DC District of Columbia, /CD International Classification

of Diseases
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CHA2DS2-VASc Score

m Warfarin  m Dabigatran  m Rivaroxaban 1 Apixaban m No anticoagulant

Fig. 3.
Overall temporal trends of oral anticoagulant initiation for the treatment of atrial fibrillation,

by CHA,DS,-VASc score, Medicare beneficiaries, pooled 2011-2016. The Y-axis is
depicted to 60%, and all percentages above that are beneficiaries on no anticoagulants. /
isolated rural, L large rural, Ssmall rural, U urban
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