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BACKGROUND Atrial fibrillation (AF) is associated with increased
health care costs; however, comprehensive data on the financial
burden of AF remain limited.

OBJECTIVE The purpose of this study was to delineate health care
expenditures among patients with AF.

METHODS We used the longitudinal panels from the Medical
Expenditure Panel Survey covering 2016-2019 to estimate health
care expenditures associated with AF. We identified individuals
18 years and older with AF in the first year of each panel (2016-
2018) by using the International Classification of Disease, Tenth
Revision codes. Covariates included sociodemographic characteris-
tics and comorbidities. Health care expenditures were derived
from the second year of each panel (2017-2019) to reflect the
cost of having the condition for an entire year. Adjusted mean
annual costs were calculated, including total health care expen-
diture, hospital inpatient, emergency department visits, office-
based visits, outpatient visits, home health visits, prescribed
medicines, and other expenses. Adjusted models were used to esti-
mate the mean annual incremental total health care cost associated
with AF.

RESULTS The weighted study population included 3,080,055 adults
with AF (382 respondents; mean age 71.5; 89.9% white). The
adjusted annual total health care cost in adults with AF totaled
$14,083 (95% confidence interval $10,887-$17,279) compared
with $8771 (95% confidence interval $8106-$9436) for those
without AF. The primary drivers of cost over time were hospital inpa-
tient care, office-based visits, and prescribed medications. The
annual incremental total health care cost associated with AF was
$5312 per adult (in 2019 U.S. dollars).

CONCLUSION Adults with AF in the United States face a higher
financial burden across various health care services than do those
without the condition, with consistently increasing expenses in
inpatient care and prescribed medicines. Further research is needed
to identify the independent contribution of AF to these costs.

KEYWORDS Atrial fibrillation; Health care expenditure; Financial
burden; Medical expenditure; Medical Expenditure Panel Survey

(Heart Rhythm 0% 2025;6:11-20) © 2024 Heart Rhythm Society. Pub-
lished by Elsevier Inc. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrthythmia encountered in clinical practice. In the United
States (U.S.), approximately 8.0 million adults currently
have AF, and this number is expected to increase to 12.1
million by 2030 as the population continues to age.' AF is
associated with increased health care expenditures for both
patients and the health care system, primarily because of
frequent hospital admissions and the need for continuous
medical assessment, including inpatient and outpatient visits,
anticoagulation and rhythm control therapies, as well as
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diagnostic imaging and interventional procedures such as
catheter ablation.”” These expenses are further compounded
by comorbidities such as heart failure and stroke, which often
require additional treatments and procedures.

Only a few studies have assessed the expenditures asso-
ciated with AF in the U.S. Direct cost estimates from these
studies, derived from administrative claims databases,
indicate that AF is associated with annual health care
costs ranging from $2000 to $14,200 per patient.* Although
these studies provide valuable insights, generalizing their
results to the entire U.S. population is challenging because
of significant methodological variability and diverse
demographic profiles of the studied populations. In addi-
tion, limited data on the costs associated with AF across
various health care services hinder informed decision mak-
ing for optimizing care delivery and managing resources
efficiently.
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m Adults with atrial fibrillation (AF) in the United States
face a higher financial burden across various health
care services than do those without the condition.

m The major drivers of expenditures in our study include
hospital inpatient care, office-based visits, and pre-
scribed medications.

m Expenses across various health care services have
increased over time, placing a substantial strain on
patients, providers, and payers.

m In our study, the estimated mean annual incremental
cost of AFis $5312 per adult, representing a significant
financial burden on the health care system and pa-
tients.

Therefore, our objective was to use a nationally repre-
sentative database to provide a comprehensive analysis of
the financial burden of AF in the U.S. This involved
delineating the trends in health care expenditures across
various medical services and estimating the mean annual
incremental total health care cost associated with AF.

Methods

Data source and study population

We used data from the longitudinal panel 21 (2016-2017),
panel 22 (2017-2018), and panel 23 (2018-2019) of the
Medical Expenditure Panel Survey (MEPS) to estimate
health care expenditures in adults with AF. The MEPS is a
national survey of the U.S. population conducted by the
Agency of Healthcare Research and Quality.” The MEPS
sample is drawn from the previous year’s National Health
Interview Survey sampling frame and collects data on health
care utilization and expenditures from the U.S. civilian,
noninstitutionalized population,” thus excluding individuals
residing in long-term care facilities, active-duty military
personnel, individuals who are incarcerated, and U.S.
nationals living abroad.’

The MEPS is a comprehensive data set comprising 3 inter-
related components: the Household Component (HC), the
Medical Provider Component (MPC), and the Insurance
Component (IC).” These components allow cross-
referencing, enhancing the accuracy and validity of the
data. The survey uses an overlapping panel design in which
the data are collected through a series of 5 rounds of inter-
views over 2 calendar years.” This design provides contin-
uous and updated estimates of health care expenditure per
calendar year. Each respondent is assigned specific survey
weight to account for the survey’s complex design, nonre-
sponse adjustments, and alignment with population control
totals from the current population survey.” These weights
help adjust for the overrepresentation of certain subgroups
to ensure accurate national estimates. By applying the
weights, MEPS can reliably estimate health care utilization,

expenditures, and insurance coverage at the national level.
This method ensures precise estimates while accounting for
sampling variability through advanced variance estimation
methods.”

For our study, AF was identified from the MEPS-MPC us-
ing the International Classification of Disease, Tenth Revi-
sion (ICD-10) codes.'” Patients 18 years and older who
self-reported a diagnosis of AF in the first year of each panel
(2016-2018) were selected using the /ICD-10 code 14812
Demographic and socioeconomic characteristics were
extracted from the MEPS-HC and MEPS-IC."”

This study was based on secondary analyses of publicly
available and deidentified MEPS data; therefore, this was
considered exempt from institutional review board
approval.

Health care expenditure outcome

The health care expenditures were derived from the sec-
ond year of each panel (2017-2019) to reflect the cost
of having AF for an entire year. Expenses were evaluated
across various health care services, including outpatient
and office-based visits, hospital inpatient stays, emergency
department visits, prescribed medicines, home health
visits, and other medical expenses.'* Outpatient and office
visit expenses included diagnostic and laboratory services
associated with the basic facility charge and payments for
separately billed services. Hospital inpatient expenses ac-
counted for room and board and all hospital diagnostic
and laboratory expenses associated with the basic facility
charge, along with payments for separately billed physi-
cian inpatient services. Emergency department visit ex-
penses included diagnostic and laboratory services
associated with the facility charge and payments for sepa-
rately billed inpatient services. Medication expenses
included all prescribed medications that were initially pur-
chased or otherwise obtained during the calendar year, as
well as any refills. Total expenses for commonly pre-
scribed AF medications, including rate control medica-
tions, rhythm control medications, anticoagulants, and
antiplatelets, were extracted from the MEPS-prescribed
medicines files. The expenses related to home health ser-
vices include care provided by agency-based providers
and independent home health professionals. Finally,
miscellaneous medical expenses were captured under other
medical expenses, which included services such as ambu-
lance transportation, medical equipment, disposable sup-
plies, and other durable medical goods."* In our study,
we defined total health care expenditure in MEPS as the
total of direct payments for care across all health care ser-
vices included in the analysis.

Covariates

Age, sex, race/ethnicity, marital status, education, family
income, insurance status, census region, and year category
were included as covariates in estimating the adjusted
expenditure attributable to AF.'* Age was categorized
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into 18-44, 45-54, 55-64, 65-74, and >75 years and sex
as male or female. Self-reported race/ethnicity was classi-
fied as white, black, Asian, Hispanic, and other race or
multiple race. Marital status was coded into married, non-
married (widowed/separated/divorced), and never married.
Education was categorized by no degree, general educa-
tional development or high school diploma, associate or
bachelor’s degree, and master’s or doctorate degree. Fam-
ily income categories were extracted from the MEPS
poverty status variable, which classifies each participant
according to the ratio of total family income to the federal
poverty line (FPL). Poverty status categories were defined
as poor (families with income less than or equal to the
FPL), near poor (over the poverty line through 125% of
the FPL), low income (over 125% through 200% of the
FPL), middle-income (over 200% through 400% of the
FPL), and high income (>400% of the FPL). Insurance
status was categorized as private, public (covered by
Medicare, Medicaid, TRICARE, or other public hospital
and physician coverage), or uninsured at any time in the
year. The census region was categorized as Northeast,
Midwest, South, and West.

Other covariates included risk factors for cardiovascular
disease and medical comorbidities. Risk factors for cardio-
vascular disease were extracted from the MEPS-HC,
including high blood pressure, diabetes mellitus, high choles-
terol, smoking, obesity, and physical inactivity (not meeting
the 5-times-a-week moderate/vigorous physical activity
recommendation).IS In addition, medical comorbidities
were identified from the MEPS-MPC using the ICD-10
codes. For this study, we included heart failure (/CD-10
code 1-50), coronary heart disease (ICD-10 code I-25),
angina (ICD-10 code 1-20), myocardial infarction (/CD-10
code I-21), stroke (ICD-10 code I-63), and peripheral artery
disease (ICD-10 code 1-73).

Statistical analysis

We first compared the study population’s baseline demo-
graphic and socioeconomic characteristics with and
without AF using the Rao-Scott x? test for the remaining
categorical variables.'® Mean annual costs were used to
compare the trends by health care service (total health
care expenditure, hospital inpatient, emergency depart-
ment visits, office-based visits, outpatient visits, home
health visits, prescription medicines, and other expenses)
from 2017 to 2019. All expenditures in our analyses
were inflation-adjusted to the year 2019 using the
Consumer Price Index.'”'® A multivariable linear regres-
sion model adjusted for covariates was used to estimate
the mean annual incremental total health care cost asso-
ciated with AF. Statistically significant estimates with
95% confidence interval (CI) were generated. A 2-sided
P value of less than .05 was considered statistically
significant. All statistical analyses were performed with
SAS 9.4 software (SAS Institute). This study followed

Strengthening the Reporting of Observational Studies in
Epidemiology reporting guidelines.'’

Results

Demographic characteristics

The total adult sample in the pooled data included 32,234
respondents, of whom 382 (1.2%) had AF (Table 1). The
sample of adults with AF represented a weighted popula-
tion of 3,080,055 U.S. adults. The mean age of adults
with AF was 71.5 years (95% CI 70.3-72.8 years). The
prevalence of AF increased with age, constituting 2.7%
(95% CI 0.8%—4.5%) in the 18- to 44-year age group
and reaching 44.1% (95% CI 39.0%—49.3%) in the oldest
age group (>75 years). Most adults with AF self-identified
as white (89.9%; 95% CIl 86.7%-93.1%), were male
(54.5%; 95% CIl 48.8%—60.1%), were married (59.9%;
95% CI 54.1%—-65.7%), had a general educational devel-
opment or high school diploma (54.2%; 95% CI 48.0%—
60.5%), reported a high income (46.0%; 95% CI 40.6—
51.4), had private insurance (63.7%; 95% CI 58.4%—
69.0%), and resided in the southern U.S. (40.9%; 95%
CI 34.3%-47.4%).

Cardiovascular risk factors and medical
comorbidities

Significant differences were identified in the prevalence of
various cardiovascular risk factors and medical comorbid-
ities between adults with AF and those without the condi-
tion (Table 1). Compared with adults without AF, those
with AF had a higher prevalence of high blood pressure
(AF: 66.9%; 95% CI 61.2%-72.5% vs no AF: 31.1%;
95% CI 30.2%-32.0%; P < .001), diabetes (AF: 23.8%;
95% CI 19.6%-279% vs no AF: 12.3%; 95% CI
11.8%-12.9%; P < .001), high cholesterol (AF: 50.3%;
95% Cl 44.49%-56.2% vs no AF: 23.9%; 95% CI
23.1%-24.6%; P < .001), and physical inactivity (AF:
64.6%; 95% CI 58.8%-70.4% vs no AF: 49.6%; 95%
CI 48.7%-50.4%; P < .001). Similarly, adults with AF
had a higher prevalence of heart failure (AF: 8.5%; 95%
Cl 4.4%-12.5% vs no AF: 0.7%; 95% CI 0.6%-0.8%;
P < .001), coronary heart disease (AF: 19.5%; 95% CI
14.9%-24.0% vs no AF: 4.0%; 95% CI 3.7%-4.2%; P
< .001), angina (AF: 4.8%; 95% CI 2.5%—7.1% vs no
AF: 1.0%; 95% CI 0.8%-1.1%; P < .001), myocardial
infarction (AF: 9.1%; 95% CI 6.1%-12.1% vs no AF:
2.4%; 95% CI 2.2%-2.6%; P < .001), and peripheral
artery disease (AF: 1.6%; 95% CI 0.5%-2.7% vs no
AF: 0.3%; 95% CI 0.2%-0.4%; P < .001).

Annual trends in health care expenditures

The mean annual total health care costs (all inflated to
2019 U.S. dollars) in adults with AF was $14,083 (95%
CI $10,887-$17,279) in the pooled 3-year data compared
with $8771 (95% CI $8106-$9436) in individuals without
AF (Table 2). The adjusted mean annual expenditures for
adults with AF increased from $14,205 in 2017 (95% CI
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Table 1  Population characteristics of US adults with atrial fibrillation, MEPS 2016-2018
Unweighted Weighted population, Atrial fibrillation,  No atrial fibrillation, ~Standardized
Characteristic sample size % (95% CI) % (95% CI) % (95% CI) difference, % P value
Sample size 32,234 247,722,212 3,080,055 244,642,157 - -
(n = 382) (n = 31,852)
Age, mean (95% CI) 474 (47.1- - 71.5 (70.3-72.8)  47.1 (46.8-47.5) 52.2 -
47.8)
Age category <.001
18-44 14,178 46.2 (45.3-47.0) 2.7 (0.8-4.5) 46.7 (45.8-47.6) 118.8
45-54 5,437 16.7 (16.1-17.4) 3.9 (1.7-6.1) 16.9 (16.3-17.5) 43.5
55-64 5,437 16.8 (16.2-17.3) 16.9 (12.8-21.0)  16.8 (16.2-17.3) —0.5
65-74 4,302 12.1 (11.6-12.7) 32.3(27.3-37.3)  11.9 (11.3-12.4) —50.9
>75 2,880 8.2 (7.8-8.7) 44.1 (39.0-49.3) 7.8 (7.3-8.2) -91.2
Sex .03
Male 14,848 48.2 (47.7-48.7) 54.5 (48.8-60.1)  48.2 (47.7-48.7) —-12.6
Female 17,386 51.8 (51.3-52.3) 45.5 (39.9-51.2)  51.8 (51.3-52.3) 12.6
Race/ethnicity <.001
White 16,503 62.9 (61.5-64.4) 89.9 (86.7-93.1)  62.6 (61.1-64.0) —67.8
Black 5,138 11.8 (10.9-12.7) 3.7 (1.8-5.5) 11.9 (11.0-12.8) 31.1
Asian 1,935 6.1 (5.5-6.7) 1.4 (0.0-2.9) 6.2 (5.6-6.8) 25.2
Hispanic 7,681 16.2 (14.9-17.4) 3.4 (1.3-5.6) 16.3 (15.1-17.6) 44.3
Other race/multiple race 977 3.0 (2.7-3.3) 1.6 (0.4-2.8) 3.0 (2.7-3.3) 9.6
Marital status <.001
Married 16,080 51.3 (50.4-52.2) 59.9 (54.1-65.7)  51.2 (50.3-52.1) -17.5
Nonmarried* 7,067 19.9 (19.3-20.6) 35.4 (29.7-41.1)  19.7 (19.1-20.4) —35.6
Never married 9,085 28.7 (28.1-29.4) 4.7 (2.4-17.0) 29.1 (28.4-29.7) 68.7
Education <.001
Master’s/doctorate 3,253 11.8 (11.1-12.5) 17.4 (12.1-22.7)  11.7 (11.0-12.4) —16.2
degree
Associate/bachelor’s 8,462 30.9 (30.1-31.8) 22.8 (17.9-27.6)  31.0 (30.2-31.9) 18.7
degree
GED/HS 14,999 46.0 (45.1-47.0) 54.2 (48.0-60.5)  45.9 (45.0-46.9) -16.7
No degree 5,234 11.3 (10.6-11.9) 5.6 (3.3-7.8) 11.3 (10.7-12.0) 20.8
Family income .05
High 11,399 43.0 (41.7-44.4) 46.0 (40.6-51.4)  43.0 (41.7-44.3) -5.9
Middle 9,352 28.6 (27.8-29.4) 26.2 (21.1-31.3)  28.6 (27.8-29.5) 5.4
Low 4,810 13.1 (12.4-13.7) 17.1 (12.4-21.8)  13.0 (12.4-13.7) —11.4
Near poor 1,599 3.8 (3.5-4.1) 3.4 (1.5-5.3) 3.8 (3.5-4.1) 2.1
Poor 5,074 11.5 (10.8-12.1) 7.3 (4.1-10.5)  11.5 (10.9-12.2) 14.5
Insurance type <.001
Private 19,845 69.4 (68.2-70.5) 63.7 (58.4-69.0)  69.4 (68.3-70.6) 12.2
Public 9,090 22.5 (21.5-23.4) 36.0 (30.7-41.3)  22.3 (21.4-23.3) -30.5
Uninsured 3,299 8.2 (7.6-8.7) 0.3 (0.0-0.7) 8.2 (7.7-8.8) 40.2
Geographic region .01
Northeast 5,140 17.7 (16.4-19.0) 19.6 (14.2-25.1)  17.6 (16.3-18.9) -5.1
Midwest 6,590 20.8 (19.7-22.0) 22.6 (17.7-27.5)  20.8 (19.7-21.9) 4.3
South 12,276 37.8 (36.3-39.2) 40.9 (34.3-47.4)  37.7 (36.3-39.1) —6.4
West 8,228 23.7 (22.3-25.2) 16.9 (11.9-21.9)  23.8 (22.4-25.3) 17.2
Cardiovascular risk factors
High blood pressure 8,920 31.7 (30.8-32.5) 66.9 (61.2-72.5)  31.1 (30.2-32.0) ~76.6 <.001
Diabetes 3,762 12.5 (12.0-13.0) 23.8 (19.6-27.9)  12.3 (11.8-12.9) -30.1 <.001
High cholesterol 6,632 24.3 (23.5-25.0) 50.3 (44.4-56.2)  23.9 (23.1-24.6) ~56.9 <.001
Smoking 4,797 16.2 (15.4-16.9) 11.2 (7.3-15.1)  16.2 (15.5-16.9) 14.7 .03
Obesity 9,681 28.6 (27.8-29.3) 37.5 (32.1-42.9)  28.5 (27.7-29.2) -19.2 .01
Physical inactivity 16,313 49.8 (48.9-50.6) 64.6 (58.8-70.4)  49.6 (48.7-50.4) —30.7 <.001
Medical comorbidities
Heart failure 230 0.8 (0.7-0.9) 8.5 (4.4-12.5) 0.7 (0.6-0.8) ~38.0 <.001
Coronary heart disease 1,192 4.2 (3.9-4.5) 19.5 (14.9-24.0) 4.0 (3.7-4.2) —49.7 <.001
Angina 274 1.0 (0.9-1.2) 4.8 (2.5-7.1) 1.0 (0.8-1.1) —23.2 <.001
Myocardial infarction 710 2.5 (2.2-2.7) 9.1 (6.1-12.1) 2.4 (2.2-2.6) —29.3 <.001
Stroke 69 0.2 (0.2-0.3) 0.6 (0.0-1.2) 0.2 (0.2-0.3) -5.1 14
Peripheral artery disease 89 0.3 (0.2-0.4) 1.6 (0.5-2.7) 0.3 (0.2-0.4) —13.4 <.001
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Table 1  (Continued)
Unweighted Weighted population, Atrial fibrillation,  No atrial fibrillation, ~Standardized

Characteristic sample size % (95% CI) % (95% CI) % (95% CI) difference, % P value
Year .66

2016 11,174 33.2 (31.8-34.5) 30.7 (24.7-36.6)  33.2 (31.8-34.6) 5.4

2017 10,613 33.4 (32.5-34.3) 34.1(28.9-39.4)  33.4 (32.5-34.3) —1.6

2018 10,447 33.5 (32.4-34.5) 35.2 (29.5-40.9)  33.4 (32.4-34.5) -3.7

% indicates the weighted sample size percentage.

CI = confidence interval; GED/HS = general educational diploma/high school diploma; MEPS = Medical Expenditure Panel Survey; n = unweighted sample size.

*Nonmarried includes widowed, separated, and divorced.

$9355-$19,055) to $15,063 in 2019 (95% CI $10,421-
$19,704). While adults with AF had a consistent decrease
in expenditures on home health visits over time, their ex-
penditures on hospital inpatient care services and pre-
scribed medications continuously increased from 2017 to
2019 (Figure 1). Although AF-specific medications were
not the sole contributors to the overall expenditures on
prescribed medications, they constituted a significant
portion, with expenditures showing a similar upward trend
over time (Online Supplemental eFigure 1). It is important
to note that these observed linear trends were not statisti-
cally significant when tested for monotonic trends. During
the 3-year period, the largest components of the mean
annual expenditures for adults with AF were related to
hospital inpatient services ($3284; 95% CI $1338-
$5229), office-based visits ($2831; 95% CI $1476—
$4186), and prescribed medications ($4895; 95% CI
$3430-$6361). Unadjusted mean annual expenditures by
service type are provided in Online Supplemental
eTable 1 and Online Supplemental eFigure 2.

Annual incremental total health care cost
associated with AF

The adjusted mean annual incremental total health care cost
for adults with AF is estimated to be $5312 (95% CI
$2209-$8415; P < .001) higher than that for individuals
without AF (Table 3). In adults with AF, there were
significant variations in the annual incremental total health
care cost across certain sociodemographic characteristics.
Compared with young middle-aged adults with AF (aged
18—44 years), those 75 years and older had a mean annual in-
cremental total health care cost of $4759 (95% CI $3534-
$5984; P < .001). Across race/ethnic groups, Asian
($—3013; 95% CI $—4187 to $—1840; P < .001) and
Hispanic/Latino ($—1268; 95% CI $—2150 to $—386;
P = .005) adults had a lower mean annual health care expen-
diture than did their white counterparts. Regarding educa-
tional attainment, adults with AF who held a master’s or
doctorate degree had a significantly higher mean annual in-
cremental health care cost ($2426; 95% CI $1022-$3830;
P < .001) than did those without a degree.

Both cardiovascular risk factors and comorbid medical
conditions were associated with significantly higher mean
annual incremental total health care costs for adults with
AF when compared with their counterparts without AF. For

instance, adults with AF and hypertension experienced a
mean annual incremental total health care cost of $1393
(95% CI $612-$2173; P < .001) while those with physical
inactivity had a mean annual incremental health care cost
of $2346 (95% CI $1721-$2970; P < .001). Furthermore,
adults with AF and concomitant heart failure experienced a
substantial increase in mean annual incremental health care
costs, amounting to $12,368 (95% CI $4182-$20,555; P =
.003). Similarly, those with coronary artery disease had a
mean annual incremental health care cost expenditure of
$7414 (95% CI $5402-$9425; P < .001) while adults with
a history of myocardial infarction had a mean annual incre-
mental health care cost of $4366 (95% CI $1359-$7372;
P = .004).

Discussion

This national study of the US population found that the esti-
mated mean annual incremental total health care cost associ-
ated with AF was $5312 (95% CI $2209-$8415) in 2019
U.S. dollars. Trends indicate that adults with AF had higher
overall expenses across various inpatient and outpatient med-
ical services than did those without AF, with continuously
increasing expenditures in hospital inpatient care and
prescribed medications.

Our study is the first to leverage MEPS to estimate
health care expenditures in U.S. adults with AF across
various medical services and estimate the incremental
health care expenditure associated with the condition.
Unlike other national databases, the MEPS provides
detailed information on insurance coverage, sociodemo-
graphic characteristics, medical care use, and expenditures
in the United States.” Our study indicates that the financial
burden associated with AF is greater than previously
documented. Kim et al’” reported that the total incremen-
tal cost of AF was $8705 per adult when compared with
propensity-matched controls using the IBM MarketScan
Commercial Claims and Encounters and Medicare Supple-
mental databases. However, the cost associated with
claims for primary AF diagnosis was $1945 per adult
(in 2008 U.S. dollars). A subsequent study by Turakhia
et al’' found that individuals with AF 65 years and older
experienced a mean annual incremental health care cost of
$3616 (in 2014 U.S. dollars). Our findings suggest that
costs associated with AF may be larger than prior esti-
mates, are growing over time, or both.
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Table 2  Adjusted mean annual total health care expenditures in US adults with atrial fibrillation, MEPS 2017-2019

Atrial fibrillation, $ Standard No atrial fibrillation, $ Standard

Expenditure (95% CI) error, $ (95% CI) error, $
Total expenditure

2017 14,205 (9,355 to 19,055) 2,459 8,680 (7,573 to 9,788) 562

2018 13,038 (6,364 to 19,713) 3,376 8,250 (7,314 t0 9,186) 473

2019 15,063 (10,421 to 19,704) 2,348 9,454 (8,026 to 10,883) 723
Mean annual expenditure 14,083 (10,887 to 17,279) 1,625 8,771 (8,106 to 9,436) 338
Hospital inpatient care

2017 3,412 (351 to 6,472) 1,552 2,532 (1,808 to 3,255) 367

2018 2,482 (—1,466 to 6,431) 1,997 1,966 (1,328 to 2,604) 323

2019 3,883 (1,438 to 6,328) 1,237 2,499 (1,428 to 3,570) 542
Mean annual expenditure 3,284 (1,338 to 5,229) 989 2,306 (1,839 to0 2,772) 237
Emergency department

visits

2017 254 (52 to 457) 103 196 (117 to 275) 40

2018 223 (50 to 395) 87 247 (155 to 338) 46

2019 655 (316 to 993) 171 299 (182 to 416) 59
Mean annual expenditure 372 (229 to 515) 73 238 (190 to 286) 24
Office-based visits

2017 2,353 (658 to 4,047) 859 1,635 (1,317 to 1,953) 161

2018 4,002 (464 to 7,540) 1,789 1,992 (1,667 to 2,318) 165

2019 2,245 (1,297 to 3,192) 479 2,206 (1,735 to 2,676) 238
Mean annual expenditure 2,831 (1,476 to 4,186) 689 1,914 (1,700 to 2,128) 109
Outpatient visits

2017 140 (2 to 278) 70 59 (28 to 90) 16

2018 273 (86 to 459) 94 73 (40 to 106) 17

2019 122 (5 to 240) 59 76 (34 to 118) 21
Mean annual expenditure 178 (89 to 267) 45 73 (52 to 93) 10
Home health visits

2017 749 (—509 to 2,007) 638 742 (483 to 1,000) 131

2018 772 (—209 to 1,754) 496 581 (449 to 713) 67

2019 —21 (—589 to 547) 287 624 (434 to 814) 96
Mean annual expenditure 492 (—30to 1,013) 265 655 (553 to 757) 52
Prescribed medicines

2017 4,829 (1,785 to 7,872) 1,543 2,296 (1,726 to 2,865) 289

2018 4,154 (2,679 to 5,630) 746 1,871 (1,557 to 2,184) 158

2019 5,769 (2,762 to 8,776) 1,521 2,429 (1,870 to 2,989) 283
Mean annual expenditure 4,895 (3,430 to 6,361) 745 2,201 (1,925 to 2,478) 141
Other medical cost

2017 181 (—186 to 548) 186 118 (78 to 157) 20

2018 333 (87 to 580) 125 294 (213 to 376) 41

2019 507 (179 to 835) 166 239 (171 to 307) 34
Mean annual expenditure 359 (182 to 536) 90 228 (191 to 264) 18

Columns 2 and 4 denote the expending for patients with atrial fibrillation.

CI = confidence interval; MEPS = Medical Expenditure Panel Survey.

Similar to the above-mentioned studies,””' we found
that the primary drivers of total medical costs were inpa-
tient services, including hospitalizations, and outpatient
services, such as office-based visits. In addition, we
observed that prescribed medications significantly contrib-
uted to the total health care costs, which aligns with a
recent analysis by Deshmukh et al”’ using the Optum
Clinformatics database. This rising cost of prescribed med-
icines might be associated with the decrease in warfarin
utilization and widespread availability of direct oral anti-
coagulants for oral anticoagulation over the last decade.”
This trend started in 2010 and peaked in 2017, leading to
a substantial increase in the overall cost burden for both
patients’ out-of-pocket costs and payers’ payments.”’
Consequently, recent legislative changes, such as the
2022 Inflation Reduction Act, are expected to lower

out-of-pocket costs by 39% for direct oral anticoagulants
and other commonly used medications by 2025 for Part
D Medicare beneficiaries with heart failure and AF.”
This reduction may significantly alleviate the financial
burden for these patients.

In our study, adults with AF and a poor cardiovascular
risk profile experienced a higher mean annual incremental
total health care cost. For instance, adults with AF who
had a higher prevalence of cardiovascular risk factors
(eg, hypertension and physical inactivity) or medical co-
morbidities (eg, heart failure, coronary heart disease, and
history of myocardial infarction) exhibited higher mean
annual incremental total health care costs.”® The increasing
longevity of the US population correlates with the rising
prevalence of AF and associated comorbidities, leading
to higher health care utilization and a greater economic
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burden.”’ Therefore, providers should prioritize the pre-
vention, early identification, and management of modifi-
able risk factors and comorbidities, which could
substantially reduce hospitalizations and medical expendi-
tures.”®

In addition, our study identified inequities in mean
annual incremental total health care costs in vulnerable
populations with AF. For instance, elderly individuals
with AF had higher mean annual incremental total health
care costs than did younger individuals with AF, likely
because of a higher prevalence of medical comorbidities,
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Trends in adjusted mean annual health care expenditures by service type in adults with atrial fibrillation, Medical Expenditure Panel Survey 2017—

frequent hospitalizations, and polypharmacy.”’ Similarly,
adults with higher levels of education had increased
mean annual incremental total health care costs, potentially
because of higher access and utilization of preventive
health services and medical care.” Conversely, minority
racial/ethnic groups, such as Asian and Hispanic popula-
tions, had a lower mean annual health care expenditure
than did white adults with AF, possibly because of the
lower access to medical services for these populations,
although other underlying factors warrant further investi-
gation in subsequent studies.”’
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Table 3  Multivariable analyses of the mean annual incremental total health care cost associated with atrial fibrillation (in 2019 US dollars)

Variable Incremental cost, $ 95% (I P value

Primary independent variable*
No atrial fibrillation (reference) -
Atrial fibrillation 5,312

Covariates

Age
18-44 (reference) -
45-54 1,795
55-64 3,717
65-74 2,910
>75 4,759

Sex
Male (reference) -
Female 1,020

Race/ethnicity
White -
Black —1,026
Asian —3,013
Hispanic —1,268
Other race/multiple race 1,616

Marital status
Married (reference)

Nonmarried! 505

Never married 109
Education

No degree -

Master’s/doctorate degree 2,426

Associate/bachelor’s degree 1,023

GED/HS 493

Family income
Poor (reference) -

High 379
Middle —487
Low —543
Near poor 758
Insurance type
Private -
Public 770
Uninsured —3,519
Cardiovascular risk factors*
High blood pressure 1,393
Diabetes 6,245
High cholesterol 347
Smoking 691
Obesity 178
Physical inactivity 2,346
Medical comorbidities*
Heart failure 12,368
Coronary heart disease 7,414
Angina 4,988
Myocardial infarction 4,366
Stroke 2,219
Peripheral artery disease 11,274

2,209 to 8,415 <.001

830 to 2,760 <.001
2,726 to 4,707 <.001
2,011 to 3,810 <.001
3,534 to 5,984 <.001

402 to 1,638 .001
—1,820 to 233 .01

—4,187 to 1,840 <.001
—2,150 to 386 .005
—471to 3,702 .13
—207 to 1,217 17

—647 to 865 .78
1,022 to 3,830 <.001

96 to 1,950 .03
—394 to 1,380 .28
—600 to 1,357 45
—1,373 to 399 .28
—1,842 to 757 41
—333t0 1,850 17

10 to 1,531 .05

—4,223 t0 2,815 0

612 to 2,173 <.001
5,119 to 7,371 0
—539 t0 1,232 RA
—92 to 1,475 .08

—590 to 946 .65
1,721 to 2,970 <.001

4,182 to 20,555 .003
5,402 to 9,425 <.001

283 t0 9,693 .04
1,359 t0 7,372 .004

—2,201 to 6,639 .33
2,164 to 20,385 .02

CI = confidence interval; GED/HS = general educational diploma/high school diploma.
*The primary outcome in this model is the mean annual total health care expenditure adjusted for covariates.

tNonmarried includes widowed, separated, and divorced.

*Reference group: adults with atrial fibrillation without the associated cardiovascular risk factor or medical comorbidity.

Understanding the financial burden associated with AF
can significantly enhance the quality of care and improve pa-
tient outcomes. Adopting value-based care models, which
promote coordination among patients, health care providers,
and the health care system, can optimize medical manage-

ment and ensure efficient use of medical treatment.’” Promot-
ing policy reforms that optimize resource allocation,
negotiate drug prices, and expand insurance coverage can
make medical management more affordable and accessible
to patients.” Educating patients about the importance of
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adherence to prescribed medications can mitigate the cost of
hospitalizations and disease-associated complications. In-
vestment in digital tools can facilitate patient engagement
and enhance patient monitoring.”* Moreover, establishing
and implementing effective clinical practice guidelines to
provide standardized, cost-effective, and coordinated care
is crucial for improving management in acute settings, such
as the emergency department.”” Collectively, these actions
contribute to improved resource allocation, improved patient
outcomes, and a more sustainable health care system.

Limitations

Despite notable strengths, this study has a few limitations.
First, the response rate for MEPS ranged from 39.5% to
46% over the study period.”® However, we used MEPS sam-
pling weights to generate nationally representative estimates,
which account for nonresponse and recall bias.” Second,
institutionalized patients and military members are not
included in the cost estimation in MEPS data. These popula-
tions generally have high expenditures; thus, their exclusion
may lead to underestimating overall health care expenditures
and underreporting health services utilization.”” This varia-
tion could explain the discrepancies observed with other
commercial databases, such as MarketScan and Medicare,
particularly in the upper range of the expenditure distribu-
tion.”® Third, granular data on AF-specific interventions,
such as catheter ablation, cardioversion, or implantable de-
vices, are not available and might lead to an underestimation
of the current costs associated with AF.>° Fourth, the inability
to specifically allocate expenses to AF because of the over-
lapping use of diagnostics and treatments for both AF and co-
morbid conditions limits the accuracy of AF-specific cost
attribution in this analysis. This overlap may introduce uncer-
tainty in identifying the exact cause of the observed increased
costs. Finally, we report findings through the census year
2019, and it is unclear how these expenditure trends have
evolved since the onset of the coronavirus disease 2019
pandemic, which led to significant disruptions in access to
medications and medical services."’

Conclusion

This study indicates that adults with AF in the United States
face a higher financial burden across various health care ser-
vices than do those without the condition. The major cost
drivers include hospital inpatient care, office-based visits,
and prescribed medications. While the differences in expen-
ditures are evident, accurately isolating costs specific to AF is
challenging because of overlapping factors that can introduce
uncertainty in precise cost attribution. However, the incre-
mental health care costs associated with AF are significant
and place a substantial strain on patients, providers, and
payers. To mitigate the financial burden associated with
AF, it is essential to optimize medical management, expand
insurance coverage, improve resource allocation, and imple-
ment policy reforms.
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