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BACKGROUND Atrial fibrillation (AF) is the most common heart
rhythm disorder among adults and leads to substantial morbidity
and mortality.

OBJECTIVES The purpose of the study was to provide current esti-
mates on the incremental healthcare utilization and cost burden
associated with incident AF diagnosis in the United States.

METHODS Adults with an incident diagnosis of AF (2017-2020)
were identified using the Optum Clinformatics database. Propensity
matching was employed to match patients with incident AF to a
comparator group of non-AF patients on several demographic and
clinical characteristics. OQutcomes including 12-month all-cause
and cardiovascular (CV)-related healthcare utilization, as well as
the medical cost associated with health services use, were assessed.
Logistic and general linear models were used to examine study out-
comes. Sub-analyses were performed to determine the incremental
AF burden by specific sex and racial/ethnic categories.

RESULTS A total of 79,621 patients were identified in each cohort
(AF and non-AF). As compared to the non-AF cohort, patients with

AF had significantly higher all-cause inpatient visits (relative risk
[RR] 1.77; 95% confidence interval [CI] 1.76-1.78), CV-related
inpatient visits (RR 2.51; 95% (I 2:49-2:53), and CV-related emer-
gency room visits (RR: 2.41; 95% CI 2:35-2:47). The mean total
healthcare cost for patients with AF was $27,896 more (per patient
per year) than the non-AF cohort ($63,031 vs $35,135, P < .001).

CONCLUSION Medical services utilization and cost were signifi-
cantly higher among AF patients than non-AF patients. Early treat-
ment is likely to be critical to addressing the considerable disease
burden imposed by AF.
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Introduction

Atrial fibrillation (AF) is the most common heart rhythm dis-
order.’ There is a growing body of evidence to suggest that the
incidence and prevalence of AF are increasing globally.” ™ For
instance, using data derived from the Global Health Data
Exchange database, a comprehensive global inventory of
health-related data and statistics, it was found that from
1997 to 2017, the estimated global incidence rate of AF
increased by 31%." This global trend appears to hold true in
the United States.”’ In the Framingham Heart Study, an
ongoing cardiovascular cohort study that began in
Framingham, Massachusetts, in 1948, the age-adjusted period
prevalence of AF increased nearly 4-fold from the period
1958-1967 to 1998-2007.° By 2050, it has been projected
that AF will directly impact 6—12 million persons in the United
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States.”” Such evidence of emerging incidence and prevalence
taken with future projections is cause for concern as AF con-
tinues to demonstrate a wide range of negative consequences,
including diminished functional capacity and quality of
life'™'" and increased risk for stroke,'>"> as well as cardiovas-
cular comorbidities and events.'*

A few studies have shown that the morbidity from AF
translates into considerable healthcare utilization and eco-
nomic burden.'”"” For example, a large US-based cross-
sectional study that used administrative encounter data
derived from the Nationwide Inpatient Sample'® and the
Healthcare Cost and Utilization Project’s Nationwide Emer-
gency Department Sample found that 450,000 hospitaliza-
tions and 600,000 emergency room (ER) visits were
directly attributable to AF in 2014."” The mean total cost
per hospitalization and ER visit was found to be $8819 and
$4040, respectively.'’ Another study by Patel and col-
leagues'® using the Nationwide Inpatient Sample database
showed a 23% increase in AF-related hospitalizations in
the decade of 2000. The authors also reported the average
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m As the incidence and prevalence of atrial fibrillation
(AF) continue to increase owing to the aging popula-
tion, contemporary data on the incremental burden of
AF are needed. Further, information on AF burden
among different racial/ethnic and sex categories is
lacking.

m Our study highlights the considerable burden of medi-
cal services utilization associated with AF. The magni-
tude of cost burden among patients with AF is
substantial and seems to be greater than past esti-
mates.

m Though the incremental burden of AF was observed
among all racial/ethnic and sex categories, acute-care
utilization was especially pronounced among females
and Asians, respectively.

cost of AF-related hospitalization to have increased by 24%
during their study period."®

Though these studies provide useful information, much of
the information on AF healthcare burden is dated. There is
limited information about the current association between
AF and healthcare utilization and costs among different racial
and ethnic groups and sexes.'” This study aimed to provide
updated information on the healthcare burden associated
with AF.

Methods

Data source

We used the Optum Clinformatics database, which is an
administrative claims database for commercially insured
(United Healthcare) patients in the United States.'® Optum
Clinformatics comprises enrollment data and physician,
facility, and pharmacy claims for approximately 13 million
private insurance and Medicare Advantage beneficiaries
from geographically diverse regions throughout the United
States. Optum includes de-identified data only, and The
New England Institutional Review Board has determined
that studies conducted using this database are exempt from
study-specific institutional review board review, as these
studies do not involve active human subject participation.

Study population

Patients at least 19 years of age and above with 2 or more
medical service visits (any setting) with a primary diagnosis
of AF within a period of 90 days between January 1, 2017,
and March 31, 2020, were eligible for inclusion in the AF
cohort. Our intention of considering at least 2 visits was to
reduce the chance of false-positive diagnosis. The first such
visit was classified as the index visit. Patients must be contin-
uously enrolled for 12 months pre- and post-index AF visit.
Patients were excluded if, in the 12-month pre-index period,
they had a medical services visit (any setting) with a primary

or secondary diagnosis of AF or had a prescription claim for
an antiarrhythmic drug (AAD) (including amiodarone, diso-
pyramide, dofetilide, dronedarone, flecainide, quinidine,
propafenone, and sotalol). The above inclusion and exclusion
criteria were used to identify newly diagnosed (incident)
cases of AF.

A comparator cohort of non-AF patients who did not have
any medical services visit with a primary or secondary diag-
nosis of AF and without a prescription fill for an AAD during
the study period (2017-2020) were identified. To determine
an index date for non-AF cohort, we identified their latest
year without an AF diagnosis. The first day of that year
was then assigned as the index date. Patients in the non-AF
cohort were also required to have continuous enrollment in
the 12-months pre— and post—index date. Our rationale for
having 12-month continuous enrollment pre—index date as
a requirement for both AF and non-AF cohort participants
was to allow for a better understanding of participant comor-
bidity status at baseline.

Study outcomes and covariates

Primary outcomes of interest included all-cause, cardiovas-
cular (CV)-related, and AF-related inpatient, outpatient
(including office, walk-in retail health clinic, or ambulatory
surgery center), ER (including urgent care), and other medi-
cal visits (such as pharmacy, ambulance, mobile unit, nursing
facility, skilled nursing facility, or residential substance
abuse treatment facility); cost associated with medical ser-
vices use; and total healthcare costs (including costs related
to inpatient, outpatient, ER, and other medical visits, and pre-
scription costs). Costs were adjusted for medical inflation and
reported in 2021 US dollars. Notably, AF-related visits/costs
were defined as any visits/costs with a primary diagnosis of
AF. To comprise the definition of an AF diagnosis, the
following ICD-9 and ICD-10 diagnosis codes were consid-
ered: 427.31 (fibrillation, atrial), 148.0 (paroxysmal atrial
fibrillation), 148.1x (persistent atrial fibrillation), 148.2x
(chronic atrial fibrillation), and 148.91 (unspecified atrial
fibrillation).

Study covariates included age, sex, geographic region
(Northeast, Midwest, South, West), race/ethnicity (as
assessed during index visit; White, Black, Asian, Hispanic,
unknown race), Elixhauser comorbidity score,”’ CHAzDS2-
VASc scores,” obstructive sleep apnea, hyperthyroidism,
and prior history of cardiac surgery.

Statistical analysis

Propensity score matching, with a 1:1 greedy nearest-
neighbor matching algorithm with a caliper width of 0.10,
was used to match patients with AF to those without AF.
The propensity model was derived from a multivariable
logistic regression that included all study covariates (ie,
age, sex, geographic region, race, year, and clinical character-
istics). The balance of covariates among the matched cohort
was assessed using standardized mean differences (SMDs).
Covariates were considered imbalanced if the SMD was
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Table 1  Sample characteristics for patients with incident diagnosis of atrial fibrillation and patients without atrial fibrillation
Pre-match Post-match
AF No-AF AF No-AF
N = 79,621 N = 917,459 SMD' N = 79,621 N = 79,621 SMD'
Age, years, mean * SD 74.1 £ 10.7 53.8 = 18.9 1.325 74.1 = 10.7 73.23 = 10.92 0.084
Age, years 1.331 0.046
19-39 833 (1.0) 252,299 (27.5) 833 (1.0) 802 (1.0)
40-49 1650 (2.1) 129,210 (14.1) 1650 (2.1) 1536 (1.9)
50-59 5003 (6.3) 142,227 (15.5) 5003 (6.3) 4855 (6.1)
60-69 13,990 (17.6) 168,082 (18.3) 13,990 (17.6) 15,379 (19.3)
70+ 58,145 (73.0) 225,641 (24.6) 58,145 (73.0) 57,049 (71.7)
Male 39,305 (49.4) 411,014 (44.8) 0.092 39,305 (49.4) 39,776 (50.0) 0.012
Race 0.267 0.077
White 61,597 (77.4) 609,681 (66.5) 61,597 (77.4) 59,087 (74.2)
Black 6841 (8.6) 93,410 (10.2) 6841 (8.6) 8121 (10.2)
Hispanic 6408 (8.0) 107,634 (11.7) 6408 (8.0) 6897 (8.7)
Asian 1549 (1.9) 41,569 (4.5) 1549 (1.9) 1684 (2.1)
Unknown 3226 (4.1) 65,165 (7.1) 3226 (4.1) 3832 (4.8)
Region 0.095 0.111
Northeast 10,264 (12.9) 106,141 (11.6) 10,264 (12.9) 11,332 (14.2)
Midwest 19,234 (24.2) 224,275 (24.4) 19,234 (24.2) 19,608 (24.6)
South 31,379 (39.4) 397,499 (43.3) 31,379 (39.4) 33,461 (42.0)
West 18,744 (23.5) 189,544 (20.7) 18,744 (23.5) 15,220 (19.1)
Elixhauser score 5.057 = 2.605 2.25 £ 2.51 1.097 5.057 = 2.605 4.98 (3.01) 0.026
CHAZDSZVASCi score 2+ 3.907 * 1.842 1.95 = 1.79 1.080 3.907 * 1.842 3.90 (1.92) 0.005
Sleep apnea 11,963 (15.0) 81,485 (8.9) 0.190 11,963 (15.0) 12,008 (15.1) 0.002
Hyperthyroidism 1156 (1.5) 7436 (0.8) 0.061 1156 (1.5) 1135 (1.4) 0.002
Prior cardiac surgery 5632 (7.1) 14,751 (1.6) 0.271 5632 (7.1) 4618 (5.8) 0.052
Year® 1.361 0.061
2017 23,755 (29.8) 111,650 (12.2 23,755 (29.8) 22,683 (28.5)
2018 25,018 (31.4) 122,146 (13.3 25,018 (31.4) 23,743 (29.8)
2019 25,485 (32.0) 135,976 (14.8 25,485 (32.0) 27,660 (34.7)
2020 5363 (6.7) 547,687 (59.7 5363 (6.7) 5535 (7.0)

Data are n (%) or mean * standard deviation.
AF = atrial fibrillation; SMD = standardized mean difference.

SMD greater than 0.25 or less than -0.25 indicates an unbalanced covariate.

*CHADS,VASc stands for congestive heart failure, hypertension, age >75 years, diabetes mellitus, stroke or transient ischemic attack, vascular disease, age 65-74

years, sex category.
$Index year of AF diagnosis for AF-cohort and index year for non-AF cohort.

greater than 0.25 or less than -0.25. Consistent with a double-
adjustment approach,”” any imbalanced covariates in the
matched cohort were adjusted for during regression analyses.
As a final step in our primary analysis, we employed several
independent sample ¢ tests to compare the mean number of
medical services events for the AF and non-AF cohort.
Sub-analyses were performed by sex, race/ethnicity, and
age categories. A separate propensity-matched sample was
identified for each category, and outcomes were compared
in the matched cohort. Logistic regression analysis compared
all-cause and CV-related healthcare visits among matched
AF vs non-AF patients. A general linear model was used to
compare costs among the matched patients. All analyses
were conducted using R for Windows, version 402>

Results

A total of 79,621 patients met the inclusion criteria for the AF
cohort. Supplemental Table 1 shows the attrition steps for
incident AF cohort identification. A random sample of

approximately 1 million non-AF controls were extracted
from the database. After propensity matching, 79,621 pa-
tients were identified in each study cohort (AF and non-AF,
respectively). The matched cohorts were well balanced
with regard to sex, age, geographic region, race, and comor-
bidity covariates (SMD >0.25 or <-0.25) (Table 1). Post-
matching, the mean age was 74.1 years for the AF cohort
and 73.2 years for the non-AF cohort (SMD = 0.084);
both groups were approximately 50% male (SMD =
0.012). Approximately three-quarters of patients were White
(77.4% AF, 74.2% non-AF), 8.6% (AF) and 10.2% (non-AF)
were Black, 8.0% (AF) and 8.7% (non-AF) were Hispanic,
and 1.9% (AF) and 2.1% (non-AF) were Asian.

Incident AF-related healthcare use and costs among AF
cases in the 12 months post—index visit are shown in
Table 2. Roughly 37% of patients with AF had an AF-
related inpatient visit in the 12 months after being diagnosed.
Almost 88% of patients with AF had AF-related outpatient
visits, 22.5% had other AF-related medical visits, and 8.6%
had AF-related ER visits. The average cost per patient was
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Table 2  Atrial fibrillation-related healthcare utilization and
average per-patient atrial fibrillation-related costs in the 12 month
period post incident diagnosis

AF patients
N =79,621
AF-related healthcare utilization
Inpatient visits 29,564 (37.1)
Outpatient visits 70,099 (88.0)
ER visits 6873 (8.6)
Other medical visits' 17,912 (22.5)
AF-related healthcare costs (US dollars)
Inpatient visits $3530 ($3328-$3732)
Outpatient visits $3878 ($3769-$3987)
ER visits $394 ($358-$430)
Other medical visits' $299 ($284-$314)

Data are n (%) or mean and 95% CI.

AF = atrial fibrillation; ER = emergency room.
t0ther medical costs included any medical visits that were not captured with
the inpatient, outpatient, or ER visit categories (eg, pharmacy, ambulance,
mobile unit, nursing facility, skilled nursing facility, or residential substance
abuse treatment facility).

$3530 (95% CI $3328-$3732) for inpatient visits, $3878
(95% CI $3769-$3987) for outpatient visits, and $394
(95% CI $358-$430) for ER visits.

All-cause and CV-related healthcare use comparisons
among patients with and without AF in the 12 months
post—index visit are presented in Table 3. All-cause health-
care use was significantly higher among patients with AF
as compared to patients without AF, including all-cause inpa-
tient visits (relative risk [RR] 1.77, 95% confidence interval
[CI] 1.76-1.78; P < .001), outpatient visits (RR 1.01, 95%
CI 1.01-1.01; P < .001), ER visits (RR 1.23, 95% CI
1.21-1.24; P < .001), and other medical visits (RR 1.13,
95% CI 1.12-1.35; P < .001). In addition, CV-related health-
care use was also higher among patients with AF compared to
non-AF controls, including CV-related inpatient visits (RR
2.51, 95% CI 2.49-2.53; P < .001), outpatient visits (RR
1.27, 95% CI 1.27-1.27; P < .001), ER visits (RR 2.41,
95% CI 2.35-2.47, P < .001), and other medical visits
(RR 1.67, 95% CI 1.65-1.69; P < .001). Across each indi-
vidual medical services type, a comparison of the mean num-
ber of medical services events for the AF and non-AF cohort
revealed significant differences (P < .001).

Average healthcare costs per patient in the 12 months
post—index visit are presented in Table 4. The mean all-
cause inpatient visit costs were $16,440 higher (P < .001)
and outpatient costs were $5638 higher (P < .001) among pa-
tients with AF vs patients without AF. All-cause ER visits
were $2605 higher (P < .001) and other medical visits
were $1562 higher (P < .001) for AF cases vs non-AF con-
trols. Similar results were observed for CV-related medical
services utilization. The total healthcare costs were
~$28,000 (95% CI $26,592-$29,199) higher for patients
with AF vs non-AF controls.

Results of the sub-analysis of healthcare use by sex are
shown in Figure 1A and 1B. Both females and males with
AF had significantly higher medical services utilization

than females and males without AF, respectively. The RR
of CV-related ER use was 2.50 (95% CI 2.42-2.58) for fe-
males with AF vs females without AF and 2.31 (95% CI
2.21-2.40) for males with AF vs males without AF, respec-
tively.

Results of the sub-analysis of healthcare use by race are
shown in Figure 2A and 2B. The RR of all-cause
inpatient visits for Black patients with AF was 1.62 (95%
CI 1.59-1.66), Hispanic patients with AF was 1.75
(95% CI 1.72-1.79), and White patients with AF was 1.84
(95% CI 1.83-1.85), as compared to patients without AF.
The RR of CV-related inpatient visits for Asian patients
with AF as compared to Asian patients without AF was
2.72 (95% CI 2.57-2.86).

Results of the age-stratified analysis are shown in
Figure 3A and 3B. The RR for CV-related inpatient visits
among those 19-64 years of age with AF was 2.91 (95%
CI2.84-2.99), and the RR for CV-related other medical visits
was 2.15 (95% CI 2.06-2.24), as compared to individuals in
this age bracket without AF. The RR for CV-related inpatient
visits for those 65 years of age or greater with AF was 2.47
(95% CI 2.45-2.49), as compared to those 65 years of age
or greater without AF.

Discussion
Our results highlight the following:

(1) AF to be a significant driver of healthcare resource utili-
zation.

(2) Higher all-cause and CV-related healthcare use among
patients in the year after an incident AF diagnosis
compared to matched patients without AF.

(3) CV-related acute care services and cost of care to be
markedly higher for patients with AF compared to those
without AF.

Few studies in the past have highlighted the significant
medical visits burden and financial burden associated with
AF diagnosis. Using data from 1991 to 2009, Bengtson and
colleagues'” found that AF patients had 2 times as much
outpatient use (rate ratio 2.14; 95% CI 2.00-2.29) and almost
4 times as much inpatient use (rate ratio 3.94; 95% CI 3.29—
4.73) compared to patients without AF. AF patients also had
4.58 times (95% CI 3.41-6.16) more CV-related hospitalized
days per year than non-AF patients.'> Similarly, using 2004—
2006 data, Kim and colleagues'® found significantly higher
all-cause hospitalizations (37.5% vs 17.5%, P < .001), mor-
tality during all-cause hospitalizations (2.1% vs 0.1%, P <
.001), and CV-related hospitalizations (0.8% vs 0.0%, P <
.001) among AF patients compared to those without AF.
Combined with these previous studies, our findings confirm
that patients with AF have considerably higher healthcare
use. The incremental healthcare use was especially promi-
nent for acute care services, placing patients under consider-
able health burden and straining the healthcare system.
Notably, our matched-comparison group of patients without
AF were those seeking healthcare for other medical
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Table 3  Medical services utilization in the 12-month period among patients with atrial fibrillation vs those without atrial fibrillation

AF
N = 79,621

No AF
N = 79,621

Absolute risk

All-cause healthcare use

Inpatient visits

Outpatient visits

ER visits

Other medical visits'
CV-related healthcare use

Inpatient visits

Outpatient visits

ER visits

42,475 (53.3)
78,809 (99.0)
31,417 (39.5)
55,307 (69.5)

36,658 (46.0)

12,612 (15.8)

19,644 (24.7)
77,801 (97.7)
25,236 (31.7)
48,203 (60.5)

9,278 (11.7)
46,962 (59.0)
4822 (6.1)

(
76,575 (96.2)
(
Other medical visits' (

32,359 (40.6)

17,615 (22.1)

P value difference (95% CI) Relative risk (95% CI)
<.001 29% (28%-29%) 1.77 (1.76-1.78)
<.001 1% (1%-1%) 1.01 (1.01-1.01)
<.001 8% (7%-8%) 1.23 (1.21-1.24)
<.001 9% (8%-9%) 1.13 (1.12-1.35)
<.001 34% (34%-35%) 2.51 (2.49-2.53)
<.001 37% (37%-38%) 1.27 (1.27-1.27)
<.001 10% (9%-10%) 2.41 (2.35-2.47)
<.001 19% (18%-19%) 1.67 (1.65-1.69)

Data are n (%).

AF = atrial fibrillation; CI = confidence interval; CV = cardiovascular; ER = emergency room.
t0ther medical visits included any medical visits that were not captured with the inpatient, outpatient, or ER visit categories (eg, pharmacy, ambulance, mobile
unit, nursing facility, skilled nursing facility, or residential substance abuse treatment facility).

conditions. Prior to matching, the comorbidity burden ap-
peared to be higher among patients with AF vs those without
AF. However, after matching, patients in the non-AF group
had comorbidity status comparable to those with AF. Our re-
sults suggest that patients with AF have higher use and costs
even when compared to patients with other comorbidities,
further underscoring the incremental medical visits and finan-
cial burden associated with AF.

In our study, the financial burden associated with AF was
of higher magnitude than what was previously reported. Tur-
akhia and colleagues” found that mean per capita medical
spending (in 2014 US$) for working adults with AF was
$10,355 higher than for similar patients without AF
(838,861, 95% CI: $35,781-$41,950 vs $28,406, 95% CI:
$28,409-$28,603). In an earlier study by Kim and col-
leagues,”’ AF was associated with a total incremental cost
of $8705 per patient, and mean annual inpatient costs for
AF patients were $5218 higher (P < .001) than for non-AF

patients, while outpatient medical costs were $3596 higher
(P < .001). In our study, patients with AF had ~ $25,000
higher healthcare costs than patients without AF. Our total
cost differentials were more than 2 times higher than these
previous studies, indicating that AF continues to result in a
considerable and increasing economic burden with substan-
tial financial implications for patients, providers, and payors.

As medical services provision becomes resource-
intensive, the medical visits and financial burden for chronic
conditions like AF will likely overwhelm the healthcare sys-
tem. Timely management and treatment could be critical in
easing medical visits and financial burden associated with
AF. A recent study found that only 7.1% of patients with
an incident diagnosis of AF had catheter ablation within
the first year of diagnosis, with ~30% having a prescription
fill for AAD.” The study suggested significant undertreat-
ment among newly diagnosed patients with AF within the
first year of diagnosis. When examining differences in

Table 4 Healthcare costs in the 12-month period among patients with atrial fibrillation vs those without atrial fibrillation

AF mean cost (95% ()

No AF mean cost (95% CI)

Mean cost difference (95% CI) P valuef

All-cause healthcare cost

Inpatient visits $30,859 ($29,889-$31,829)  $14,419 ($13,874-$14,963)  $16,440 ($15,328-$17,553) <.001
Outpatient visits $16,206 ($15,974-$16,438)  $10,568 ($10,366-$10,769) $5638 ($5331-$5945) <.001
ER visits $6538 ($6355-$6721) $3933 ($3809-$4057) $2605 ($2384-$2826) <.001
Other medical visits* $3864 ($3694-$4033) $2302 ($2175-$2430) $1562 ($1349-$1773) <.001
CV-related healthcare costs
Inpatient visits $11,804 ($11,277-$12,330) $2480 ($2263-$2696) $9324 ($8754-$9893) <.001
Outpatient visits $6883 ($6744-$7022) $1069 ($1030-$1108) $5814 ($5670-$5959) <.001
ER visits $810 ($758-$861) $159 ($138-$180) $651 ($595-$706) <.001
Other medical visits* $877 ($849-$905) $288 ($271-$306) $589 ($555-$622) <.001
Prescription costs" $5565 ($5475-$5654) $3914 ($3818-$4009) $1651 ($1520-$1782) <.001
Total healthcare costs'  $63,031 ($61,923-$64,138)  $35,135 ($34,448-$35,823)  $27,896 ($26,592-$29,199) <.001

AF = atrial fibrillation; CI = confidence interval; CV = cardiovascular; ER = emergency room; SD = standard deviation.

TFrom bivariate general linear model.

*0ther medical visits included any medical visits that were not captured with the inpatient, outpatient, or ER visit categories (eg, pharmacy, ambulance, mobile
unit, nursing facility, skilled nursing facility, or residential substance abuse treatment facility).

Sprescription costs includes any prescription drug claims present in the database, nonspecific to any diagnosis.

ITotal healthcare costs include costs of all-cause inpatient visits, all-cause outpatient visits, all-cause ER visits, all-cause other medical visits, and prescription

costs.
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A RR 95% Cl
All-cause inpatient visits (female) % 175 1.74-1.77
All-cause inpatient visits (male) % 1.79 1.77-1.81
All-cause outpatient visits (female) 1.01 1.01-1.01
All-cause outpatient visits (male) 1.01 1.01-1.01
All-cause ER visits (female) % 124 1.23-1.26
All-cause ER visits (male) % 121 1.19-1.23
All-cause other medical visits (female) é#% 112 111113
All-cause other medical visits (male) %
1.14 1.13-1.15
00 05 1.0 15 20
Relative Risk (95% CI)
B RR 95% CI
CV-related inpatient visits (female) #5 25 247-252
CV-related inpatient visits (male) % 2.52 2.49-2.55
CV-related outpatient visits (female) 1.27 1.27-1.27
CV-related outpatient visits (male) 127 1.26-1.27
CV-related ER Vvisits (female) H 25 242258
CV-related ER visits (male) 231 221-2.40
CV-related other medical visits (female) *# 164 162-167
CV-related other medical visits (male) *#3
1.71 1.68-1.73
0 1 2 3
Relative Risk (95% CI)
Figure1  Forest plot of relative risk of healthcare utilization among patients with atrial fibrillation (AF) vs non-AF controls, subset by sex, for A: all-cause visits

and B: cardiovascular-related visits.
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A RR 95% ClI
All-cause inpatient visits (Asian) }—9-{ 1.96 1.86-2.05
All-cause inpatient visits (Black) H 1.62 1.59-1.66

All-cause inpatient visits (Hispanic) |‘9| 1.75 1.72-1.79
All-cause inpatient visits (White) * 1.84 1.83-1.85
All-cause outpatient visits (Asian) *3 1.01 1.00-1.01
All-cause outpatient visits (Black) + 1.01 1.01-1.01
All-cause outpatient visits (Hispanic) {? 1.01 1.00-1.01
All-cause outpatient visits (White) + 1.01 1.01-1.01

All-cause ER visits (Asian) |—®—| 1.36 1.23-1.50
All-cause ER visits (Black) H 1.15 1.10-1.19
All-cause ER visits (Hispanic) H 1.19 1.14-1.23
All-cause ER visits (White) h 1.28 1.26-1.29
All-cause other medical visits (Asian) |e>| A 1.06-1.15
All-cause other medical visits (Black) H 1.12 1.10-1.14
All-cause other medical visits (Hispanic) H 1.07 1.05-1.09
All-cause other medical visits (White) * 1.16 1.15-1.17

0.0 0.5 1.0 1.5 20 25

Relative Risk (95% CI)

B RR 95% ClI
CV-related inpatient visits (Asian) |—0—{ 272 257-2.86
CV-related inpatient visits (Black) |e>| 217 213-2.22

CV-related inpatient visits (Hispanic) |-e>| 2.44 2.38-2.49
CV-related inpatient visits (White) H 264 2.62-2.67
CV-related outpatient visits (Asian) {9 13 1.29-1.30
CV-related outpatient visits (Black) $ 122 122122
CV-related outpatient visits (Hispanic) *a 1.25 1.24-1.25
CV-related outpatient visits (White) + 1.28 1.28-1.28
CV-related ER visits (Asian) |—®—| 2.65 2.15-3.24
CV-related ER visits (Black) '—@—' 1.96 1.82-2.11
CV-related ER visits (Hispanic) |—€>—| 2.08 1.91-2.27
CV-related ER visits (White) |—®-| 272 2.64-2.80
CV-related other medical visits (Asian) |—®—| 1.65 1.563-1.78
CV-related other medical visits (Black) H 1.5 1.46-1.55
CV-related other medical visits (Hispanic) I-e[ 1.59 1.54-1.64
CV-related other medical visits (White) H 177 1.75-1.79

1.0 1.5 20 25 3.0
Relative Risk (95% CI)

Figure 2  Forest plot of relative risk of healthcare utilization among patients with atrial fibrillation (AF) vs non-AF controls, subset by race, for A: all-cause
visits and B: cardiovascular-related visits.
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A RR 95% ClI
All-cause inpatient visits (19-64 years of age) H 1.77 1.73-1.82
All-cause inpatient visits (65+ years of age) is 1.77 1.76-1.78
All-cause outpatient visits (19-64 years of age) % 1 1.00-1.00
All-cause outpatient visits (65+ years of age) % 1.01 1.01-1.01
All-cause ER visits (19-64 years of age) H 11 1.05-1.15

All-cause ER visits (65+ years of age) 195 1.93-1.26

All-cause other medical visits (19-64 years of age) 119 1.17-1.21

All-cause other medical visits (65+ years of age)

112 112113

0.0 0.5 1.0 1.5 2.0
Relative Risk (95% CI)

RR 95% ClI
B
CV-related inpatient visits (19-64 years of age) H 291 2.84-2.99
CV-related inpatient visits (65+ years of age) } 247  2.45-2.49
CV-related outpatient visits (19-64 years of age) * 1.42 1.41-1.42
CV-related outpatient visits (65+ years of age) % 125 1.25-1.25
CV-related ER visits (19-64 years of age) H 303 2.70-3.39
CV-related ER visits (65+ years of age) H 24 234246
CV-related other medical visits (19-64 years of age)

215 2.06-2.24

CV-related other medical visits (65+ years of age) *
165 1.63-1.66

0 1 2 3 4
Relative Risk (95% Cl)

Figure3  Forest plot of relative risk of healthcare utilization among patients with atrial fibrillation (AF) vs non-AF controls, subset by age, for A: all-cause visits
and B: cardiovascular-related visits.
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healthcare utilization among patients who underwent early
ablation (within 6 months of incident AF diagnosis) versus
those who had ablation later (post-6 months), D’ Angelo
and colleagues’® found that the former group had a signifi-
cantly lower medical visits burden as compared to the latter.
As seen in this study, AF places a considerable burden within
a year of diagnosis among patients; therefore, providers
should consider having conversations with patients on early
treatment of AF using recommended treatment modalities.

Our sub-analysis by sex identified a significant burden
for acute care services use among females, though the over-
all healthcare utilization for patients with AF remained
considerable for both males and females compared to pa-
tients without AF. Studies have found that the cumulative
risk of developing AF is higher in males than females
over most of the lifespan,”’ though females are more likely
to be symptomatic than males.”® Higher symptomatology
could influence the extent to which females are referred
for or seek out CV-related medical care. On the other
hand, females appear less likely than males to receive
thythm control therapy, including ablation.”® " Less
aggressive treatment may result in female patients
presenting with more advanced CV-related symptoms and
disease needing more acute care, including emergency
room visits and inpatient treatment. However, given that fe-
males with AF have an increased risk for stroke than males
even after adjusting for risk factors,” it is critical to manage
and effectively treat AF at an early stage among females
diagnosed with this disease.

When examining the burden of AF by different racial/
ethnic groups, our results showed that AF led to significant
medical services utilization across all groups. Acute care ser-
vices appeared to be more prominent among Asians, though
it was higher across racial/ethnic groups for patients with
AF than those without AF. While previous studies have docu-
mented racial and ethnic differences in AF treatment and out-
comes,”” ~° limited data is available about racial disparities in
overall healthcare use among incident AF patients. Social
determinants of health, including financial resources, social
support, access to healthcare, residential environment, local
language proficiency, and health literacy, could explain
some of the observed differences in healthcare use.”’ Our re-
sults suggest that the burden of AF cuts across different
racial/ethnic lines and affects these patients adversely,
compared to their peers without the disease.

Limitations

This study has a few limitations. Our study did not assess in-
direct medical or nonmedical costs associated with AF. The
incremental costs reported in this study may underestimate
the true economic burden associated with AF. It is also
important to consider that we did not explicitly exclude or
individually examine specific types of incident AF (eg, tem-
porary AF), which may have varying trajectories of disease
burden. Nevertheless, it is unlikely that temporary AF cases
were included in our study, as our eligibility criterion of

having at least 2 medical services visits with a primary diag-
nosis of AF diminishes the likelihood of temporary AF case
inclusion. The source population in the Optum database is
primarily representative of US commercial claims patients
(0-65 years old) and some Medicare Advantage patients
(65+ years old). Therefore, our results may not generalize
to all elderly patients or individuals without commercial in-
surance. Lastly, coding errors during claims processing could
affect study results.

Conclusion

We found a significantly higher medical visits burden among
patients with AF than similar patients without AF. The incre-
mental healthcare use associated with AF existed across all
racial/ethnic, sex, and age groups. We noted a considerable
cost burden associated with AF, indicating the severe strain
AF is placing on patients, providers, and payors. Timely
intervention and treatment remain critical in minimizing the
AF clinical and financial burden.
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