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1 | INTRODUCTION

Atherosclerotic disease and atrial fibrillation (AF) share many of the

same comorbidities and risk factors®

and frequently coexist.

Abstract

Background: There is a paucity of contemporary data assessing the implications of
atrial fibrillation (AF) on major adverse cardiovascular events (MACE) in patients with
or at high-risk for atherosclerotic disease managed in routine practice.

Hypothesis: We sought to evaluate the 4-year incidence of MACE in patients with or
at risk of atherosclerotic disease in the presence of AF.

Methods: Using US MarketScan data, we identified AF patients 245 years old with
billing codes indicating established coronary artery disease, cerebrovascular disease,
or peripheral artery disease or the presence of >3 risk factors for atherosclerotic dis-
ease from January 1, 2013 to December 31, 2013 with a minimum of 4-years of
available follow-up. We calculated the 4-year incidence of MACE (cardiovascular
death or hospitalization with a primary billing code for myocardial infarction or ische-
mic stroke). Patients were further stratified by CHA,DS»-VASc score and oral anti-
coagulation (OAC) use at baseline.

Results: We identified 625,951 patients with 4-years of follow-up, of which 77,752
(12.4%) had comorbid AF. The median (25%, 75% range) CHA,DS,-VASc score was
4 (3, 5) and 64% of patients received an OAC at baseline. The incidence of MACE
increased as CHA,DS,-VASc scores increased (P-interaction<.0001 for all). AF
patients receiving an OAC were less likely to experience MACE (8.9% vs 11.6%,
P < .0001) including ischemic stroke (5.4% vs 6.7%, P < .0001).

Conclusion: Comorbid AF carries a substantial risk of MACE in patients with or at risk
of atherosclerotic disease. MACE risk increases with higher CHA,DS,-VASc scores
and is more likely in patients without OAC.
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Compared to the general population, AF prevalence in patients with
established atherosclerotic disease is fivefold higher (2.3% vs 11.7%,
respectively).? Both are independently associated with elevated major

adverse cardiovascular events (MACE) risk and understanding the
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synergistic increases in incidence rates and comparative risk based on
disease characteristics may greatly aid treatment efforts by identi-
fying patient factors associated with high risk.> The Reduction of
Atherothrombosis for Continued Health (REACH) registry prospec-
tively evaluated patients at risk for or with established atheroscle-
rotic disease.* Subanalyses of REACH showed a 4-year MACE
incidence of 24.3% in patients with comorbid AF.2 They also found
a linear trend in the correlation between MACE and CHA,DS,-
VASc scores. However, REACH enrolled patients between 2003
and 2004 with follow-up through 2008. Advances in the manage-
ment of AF in the past decade, such as the approval of non-vitamin
K antagonist oral anticoagulants (NOAC) and their recommenda-
tion over warfarin in evidence-based guidelines, may have lowered
MACE risk.>”7 While the early hazard of MACE in AF patients has
been previously evaluated, such studies only focused on incident
AF patients and did not require patients to have atherosclerotic
disease.? It is therefore important to identify MACE incidence in a
more contemporary population reflecting modern medical prac-
tices. This study aimed to estimate the contemporary 4-year inci-
dence of MACE for United States AF patients with or at risk for
established atherosclerotic disease in routine practice, the associa-
tion between CHA,DS,-VASc scores and MACE risk, and how oral
anticoagulation (OAC) use modifies this risk.

2 | METHODS
We performed a retrospective claims database analysis using US IBM
MarketScan data from January 1, 2013 through December 31, 2017.
MarketScan combines two separate databases, a commercial and a
Medicare supplemental database, to cover all age groups; and con-
tains claims from 260 contributing employers, 40 health plans, and
government and public organizations representing ~240 million
lives.” MarketScan captures enrollment records, demographics,
International Classification of Diseases, Tenth-Revision (ICD-10)
diagnosis codes (and cross-walked ICD-9 codes), procedure codes,
admission and discharge dates, outpatient medical services data,
and prescription dispensing records. All MarketScan data are
de-identified and are compliant with the Health Insurance Portabil-
ity and Accountability Act of 1996. This study was determined by
our institutional review board to not constitute research involving
human subjects according to 45 Code of Federal Regulations
46.102(f) and was deemed exempt from board oversight.

We identified eligible patients according to similar criteria used for
the REACH Registry by examining claims data between January 1, 2013
and December 31, 2013 (calendar year 2013). All patients >45-years-of-
age with comorbid AF (with or without valve disease) and established
coronary artery disease (CAD; ie, diagnosis codes suggesting a history of
stable or unstable angina, percutaneous coronary intervention, coronary
artery bypass grafting, or myocardial infarction), cerebrovascular disease
(CVD; ie, diagnosis codes suggesting a history of ischemic stroke or
transient ischemic attack) or peripheral artery disease (PAD; ie, diagno-

sis codes suggesting a history of peripheral arterial disease or a prior
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intervention including angioplasty, stenting, atherectomy, peripheral
arterial bypass grafting, or amputations) or with three or more risk fac-
tors for atherosclerotic disease (ie, diagnosis codes suggesting a history
of diabetes, diabetic nephropathy, carotid stenosis, hypertension, hyper-
cholesterolemia, smoking, or age 265 years for men or 270 years for
women) were included. Patients were further stratified by baseline
CHA,DS,-VASc!® score and OAC use (apixaban, edoxaban, rivaroxaban,
dabigatran, or warfarin).

Our main outcome measure was the incidence rate of MACE (com-
posite outcome of cardiovascular mortality, myocardial infarction, or
ischemic stroke). Secondary outcomes include individual MACE compo-
nents. Cardiovascular mortality was defined as death occurring in-
hospital within 14 days of a myocardial infarction, ischemic stroke,
heart failure, acute coronary syndrome, coronary artery bypass grafting,
or percutaneous coronary intervention. Baseline data included demo-
graphics, vascular disease status, atherothrombotic risk factors, oral
anticoagulants and other medications, and CHA,DS,-VASc scores.
Patient selection, baseline characteristics, and outcome measure identi-
fication were based on the presence of ICD-10 (or cross-walked ICD-9)
billing codes from medical and prescription claims. Starting on January
1, 2014, patients who met eligibility criteria during calendar year 2013
were followed for 4 years (patients with at least 3 years and 9 months

of follow-up were included in the analysis) or until endpoint

occurrence.
Total patients in US MarketScan claims data
from January 1, 2013 — December 31, 2013
N = 4,743,299
\ 4
Patients with atherosclerotic disease
or 23 risk factors
N =1,302,856
A 4
Patients with 4-year data
N = 625,951
\
Patients with comorbid atrial fibrillation
N =77,752
\ 4 \ 4
Patients without OAC Patients with OAC
N = 28,058 N = 49,694

OAC=oral anticoagulant

FIGURE 1 Flow diagram of patient selection
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TABLE 1 Baseline characteristics of patients with 4-years of follow-up

Total established Any coronary ?enr‘;brovascular Any peripheral Multiple risk
disease artery disease® disease® artery disease® factors only
AlIN =77,752 N = 36,398 N = 20,468 N = 10,128 N = 13,256 N = 41,354
Demographics (n, %)
Age (median, 25%, 75% range) 75 (69, 81) 75 (68, 81) 74 (67, 81) 76 (69, 82) 76 (69, 82) 76 (70, 81)
Vascular disease status (n, %)

Coronary artery disease 20,468 (26.3) 20,468 (56.2) 20,468 (100) 2511 (24.8) 3736 (28.2) 0(0)

Cerebrovascular disease 10,128 (13.0) 10,128 (27.8) 2511 (12.3) 10,128 (100) 1787 (13.5) 0 (0)

Peripheral artery disease 13,256 (17.0) 13,256 (36.4) 3736 (18.3) 1787 (17.6) 13,256 (100) 0(0)

Polyvascular disease 6874 (8.8) 6874 (18.9) 5667 (27.7) 3718 (36.7) 4943 (37.3) 0(0)

CHA,DS,-VASc score 4(3,5) 4(3,5) 4(3,5) 5(4,6) 4(3,5) 4(3,5)

(median, 25%, 75% range)

Congestive heart failure 25,863 (33.3) 14,902 (40.9) 9651 (47.2) 3769 (37.2) 5480 (41.3) 10,961 (26.5)
Hypertension 76,610 (98.5) 35,467 (97.4) 20,141 (98.4) 9787 (96.6) 12,919 (97.5) 41,143 (99.5)
Age 275 41,835 (53.8) 19,148 (52.6) 9988 (48.8) 5675 (56.0) 7520 (56.7) 22,687 (54.9)
Diabetes 37,114 (47.7) 15,895 (43.7) 9250 (45.2) 4174 (41.2) 6426 (48.5) 21,219 (51.3)
Prior stroke, TIA or thromboembolism 8741 (11.2) 7876 (21.6) 2126 (10.4) 7094 (70.0) 1727 (13.0) 865(2.1)
Vascular disease (prior Ml, 10,131 (13.0) 9286 (25.5) 8624 (42.1) 1517 (15.0) 2229 (16.8) 845 (2.0)

peripheral artery disease

or aortic plaque)

Age 65 to 74 23,589 (30.3) 10,280 (28.2) 6156 (30.1) 2703 (26.7) 3637 (27.4) 13,309 (32.2)
Female 32,047 (41.2) 14,474 (39.8) 7034 (34.4) 4884 (48.2) 5364 (40.5) 17,573 (42.5)
Risk factors (n, %)

Diabetic nephropathy 2167 (2.8) 1008 (2.8) 607 (3.0) 267 (2.6) 421 (3.2) 1159 (2.8)

Carotid stenosis 11,215 (14.4) 6903 (19.0) 3623 (17.7) 2790 (27.5) 2882 (21.7) 4312 (10.4)

Hypercholesterolemia with treatment 62,413 (80.3) 26,804 (73.6) 16,176 (79.0) 7291 (72.0) 9289 (70.1) 35,609 (86.1)

Smoker 3828 (4.9) 1960 (5.4) 1203 (5.9) 516 (5.1) 802 (6.1) 1868 (4.5)

Age >70 in females or 265 in males 63,183 (81.3) 28,073 (77.1) 15,423 (75.4) 7941 (78.4) 10,695 (80.7) 35,110 (84.9)

Valvular disease® (n, %) 26,921 (34.6) 14,695 (40.4) 9150 (44.7) 4095 (40.4) 4974 (37.5) 12,226 (29.6)
Medication use (n, %)

Oral anticoagulants 49,694 (63.9) 22,243 (61.1) 12,065 (58.9) 6477 (64.0) 8271 (62.4) 27,451 (66.4)
Non-vitamin K oral anticoagulants® 16,060 (20.7) 7286 (20.0) 4014 (19.6) 2230 (22.0) 2525 (19.0) 8774 (21.2)
Warfarin® 36,280 (46.7) 16,350 (44.9) 8813 (43.1) 4744 (46.8) 6243 (47.1) 19,930 (48.2)

Antiarrhythmics 18,542 (23.8) 9008 (24.7) 5979 (29.2) 2066 (20.4) 2867 (21.6) 9534 (23.1)
Amiodarone 9208 (11.8) 5199 (14. 3) 3749 (18.3) 1068 (10.5) 1657 (12.5) 4009 (9.7)
Dronedarone 2467 (3.2) 1142 (3.1 729 (3.6) 245 (2.4) 367 (2.8) 1325 (3.2)
Other antiarrhythmic agents 7917 (10.2) 3221 (8. ) 1889 (9.2) 867 (8.6) 999 (7.5) 4696 (11.4)

Digoxin 13,325(17.1) 5959 (16.4) 3361 (16.4) 1546 (15.3) 2317 (17.5) 7366 (17.8)

ACE/ARB 48,964 (63.0) 22,576 (62.0) 13,428 (65.6) 5967 (58.9) 8072 (60.9) 26,388 (63.8)

B-blockers 57,513 (74.0) 27,627 (75.9) 16,610 (81.2) 7271 (71.8) 9775 (73.7) 29,886 (72.3)

Calcium channel blockers 31,360 (40.3) 14,211 (39.0) 7777 (38.0) 4269 (42.2) 5307 (40.0) 17,149 (41.5)

Diuretics 44,505 (57.2) 21,118 (58.0) 12,379 (60.5) 5344 (52.8) 8122 (61.3) 23,387 (56.6)

Antidiabetic agents 24,888 (32.0) 10,523 (28.9) 6248 (30.5) 2669 (26.4) 4215 (31.8) 14,365 (34.7)

Statin 59,305 (76.3) 25,676 (70.5) 15,568 (76.1) 7023 (69.3) 8834 (66.6) 33,629 (81.3)

P2Y12 inhibitors 11,706 (15.1) 8730 (24.0) 6406 (31.3) 2155 (21.3) 2855 (21.5) 2976 (7.2)

NSAIDs including COX-2 inhibitors 11,726 (15.1) 5510 (15.1) 3150 (15.4) 1482 (14.6) 1984 (15.0) 6216 (15.0)

Abbreviations: ACE/ARB, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; COX-2, cyclooxygenase-2 enzyme inhibitors; NSAID,
nonsteroidal anti-inflammatory drugs.

2These cohorts overlap each other.

Defined according to the Elixhauser comorbidity index.

“Groups are not mutually exclusive. Patients may have received both medications during the baseline period.
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Baseline characteristics were analyzed using descriptive statistics.
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antagonist oral anticoagulants; OAC=oral anticoagulant

use or absence of OAC. Adjusted Cox regression analyses revealed
similar results (Table 3). The presence of stage 3 or worse chronic kid-
ney disease, diabetes and polyvascular disease were associated with a
higher risk of MACE.

4 | DISCUSSION

In this large, contemporary real-world study of AF patients with or at
risk for established atherosclerotic disease, MACE occurred in nearly
1 out of 10 patients at 4-years. AF patients experienced the highest
rates of MACE if there was CVD involvement followed by PAD then

CAD. Higher CHA,;DS,-VASc scores were associated with increases
in MACE development as well as its individual components. Com-
pared to those that did not receive an OAC, OAC use was associated
with reductions of 22%, 28%, 11%, and 14% in the incidences of
MACE, myocardial infarction, ischemic stroke, and cardiovascular
death, respectively.

Many of our results are consistent with those reported from the
REACH registry studies, although differences do exist. The proportion
of AF patients with or at risk for established atherosclerotic disease
was similar: we reported 12.4% vs 10.3% reported in REACH.® Inci-
dences of MACE, however, differed. At 4-years, 24.3% of patients in
REACH experienced MACE vs 9.9% in our study. Our study found
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TABLE 3 Cox regression model of major adverse cardiovascular
events at 4-years of follow-up

Variables HR (95% Cl)
Age (45-64 as referent)
65-74 1.19 (1.09-1.29)
75-84 1.90 (1.75-2.05)
285 3.07 (2.81-3.35)
Female 0.98 (0.94-1.03)

Vascular beds (RFO as referent)
CAD only

CVD only

PAD only

CAD + CVD

CAD + PAD

CVD + PAD

CAD + CVD + PAD

Risk factors

Carotid stenosis

CKD stage 3 or worse
Congestive heart failure
Diabetes

Diabetic nephropathy
Hypertension with treatment
Hypercholesterolemia

Smoker

Oral anticoagulation (none as referent)

Warfarin
NOAC

Medications

ACEI or ARB

B-blocker

Calcium channel blocker
Diuretics

P2Y12 inhibitor

Statin

Metformin

Alpha glucosidase inhibitor
DPP4 inhibitors

GLP1 agonists

SGLT2 inhibitors
Sulphonylureas or glinides
Thiazolidinediones

Insulin

1.21(1.14-1.29)
1.60 (1.48-1.73)
1.13(1.05-1.22)
1.58 (1.40-1.79)
1.44 (1.29-1.59)
1.68 (1.44-1.95)
1.87 (1.53-2.28)

1.01 (0.95-1.07)
1.23(1.15-1.31)
1.23(1.17-1.30)
1.11 (1.05-1.18)
1.08 (0.94-1.23)
1.18 (0.95-1.46)
0.94 (0.83-1.06)

1.35(1.22-1.49)

0.80 (0.76-0.85)
0.78 (0.73-0.84)

1.02 (0.97-1.07)
1.06 (1.01-1.12)
1.04 (1.00-1.09)
1.02 (0.97-1.08)
1.29 (1.22-1.37)
0.90 (0.81-1.01)
1.00 (0.94-1.07)
1.26 (0.84-1.89)
1.03 (0.93-1.13)
0.87 (0.71-1.06)
1.73 (1.10-2.72)
1.07 (1.00-1.15)
0.90 (0.76-1.07)
1.50 (1.40-1.61)

Abbreviations: ACEIl or ARB, angiotensin-converting enzyme inhibitor or
angiotensin receptor blocker; CAD, coronary artery disease; Cl, confidence
interval; CKD, chronic kidney disease; CVD, cerebrovascular disease; HR,
hazard ratio; NOAC, non-vitamin K antagonist oral anticoagulants; PAD,
peripheral artery disease; RFO, risk factors only.

similar myocardial infarction incidence compared to those of REACH
(4.6% vs 4.9%, respectively) and lower ischemic stroke rates (5.8% vs

7.7%, respectively). The reduction in stroke rates may be explained by

cvees VISR

the effectiveness of NOACs which were introduced after the comple-
tion of the REACH registry. Randomized controlled trials have
shown that NOACs are at least non-inferior and, in some cases, supe-
rior to warfarin in preventing stroke and systemic embolism in
non-valvular AF.3%¢ |n the updated 2019 American College of Cardi-
ology/American Heart Association/Heart Rhythm Society guideline
for management of AF and in the 2019 European Society of Cardiol-
ogy guidelines for the diagnosis and management of chronic coronary
syndromes, NOACs are recommended over warfarin in eligible
patients with non-valvular AF (class |/level-of-evidence A recommen-
dation).>” Although our study pooled NOACs and warfarin together,
it captures an intermediary, real-world population during the gradual
adoption of NOACs in comparison to the REACH population which
predates the approval of NOACs. In addition to these changes, several
modifications to the management of AF and atherosclerotic diseases
have been made since the completion of the REACH registry. These
include new long-term anticoagulation recommendations based on
CHA,DS,-VASc scores’ and updates to American College of Cardiol-
ogy/AHA guidelines which have recommended more intensive blood
pressure control, increased usage of high-intensity statins and an
increased scope and duration of treatment with dual antiplatelet
therapy.t”1?

Other studies have also evaluated the association of risk factors
and AF on MACE or its components. The GARFIELD-AF registry
reported age, heart failure, prior stroke, vascular disease, moderate-to-
severe chronic kidney disease, diabetes mellitus, and CHA,DS,-VASc
score of 23 to be independent predictors of higher risk of early death.®
Although this is generally consistent with our findings, several differ-
ences between the studies exist. The prospective GARFIELD-AF regis-
try focused on newly diagnosed (incident) AF patients and did not
require patients to have atherosclerotic disease. Patients were also
assessed for all-cause mortality, stroke/systemic embolism at 1-year of
follow-up, whereas our study retrospectively evaluated MACE using a
cardiovascular death definition in an AF population comorbid with ath-
erosclerotic disease over 4-years of follow-up. Similarly, meta-analyses
of PAD patients have found a significant association between AF and
increased mortality (OR = 2.52, 95% Cl = 1.91-3.34) and diabetes and
increased mortality (OR = 1.89, 95% Cl = 1.51-2.35).2°21 The inves-
tigators also found the prevalence of AF among PAD patients to be
11.4%. This is in line with our findings in which 12.4% of patients
with atherosclerotic disease had comorbid AF. Similarly, we also
found diabetes to be associated with increased risk of MACE
(HR =1.11,95% Cl = 1.05-1.18).

Usage of OAC was limited in this population. Even in patients
with a CHA,DS,-VASc score of 2 to 9 who are recommended by
guidelines for anticoagulation, only 64.4% received any OAC and
20.7% received a NOAC. Physicians' fear of bleeding,?? especially in
the context of atherosclerotic patients who are also commonly on
antiplatelet agents, may help explain the lower than expected utiliza-
tion of OAC in this population. However, antiplatelet therapy alone
does not provide the necessary stroke prevention in patients with
AF.>® Randomized controlled trials have clearly demonstrated the

superiority of OAC therapy over single or dual antiplatelet therapy for
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in AF. Compared
to the REACH registry, which reported 54.2% of patients at baseline
representing practice from 2003 to 2004, and to the GARFIELD-AF
registry, which had 60.4% of patients prescribed anticoagulation ther-
apy at baseline representing practice from 2010 to 2013 (cohorts
1 and 2),%> OAC adoption has improved over the years potentially
explaining the lower ischemic stroke rates we observed.

Another driving factor for the difference in MACE incidences is
the definition of cardiovascular death between studies. Our study
utilized a 14-day grace period after a myocardial infarction, ischemic
stroke, heart failure, acute coronary syndrome, coronary artery
bypass grafting, or percutaneous coronary intervention for the
occurrence of an in-hospital cardiovascular-related death. Our defi-
nition provides a conservative estimate of cardiovascular-related
deaths given the limitations of claims data. In contrast, REACH cap-
tured cardiovascular deaths outside of hospital settings. This likely
explains the lower 4-year MACE incidence in our study (1.6%) com-
pared with REACH (10.6%).%

This study has limitations worth discussing. First, misclassi-
fication bias must always be considered in claims database analyses
and can detrimentally affect a study's internal validity when pre-
sent.?® Namely, our study only assessed OAC use at baseline and
does not account for initiation during follow-up. Second, clinical
adjudication of events was not possible within our claims database
analysis. Of note, the REACH registry, while performed prospec-
tively, also did not independently adjudicate outcomes. Third, anti-
platelet agents, such as aspirin, are acquired over the counter and
are difficult to track in claims data; however, OAC therapy is superior
to antiplatelet therapy and is a mainstay in AF guidelines. Fourth,
we were unable to differentiate between paroxysmal and persistent
AF because our baseline period in 2013 used ICD-9 codes which do
not make this distinction. Fifth, although we utilized a conservative
definition of cardiovascular death which resulted in a smaller rate in
comparison to that of REACH, survival bias cannot be ruled out.
Finally, we used US commercial and Medicare supplemental plan
claims data. As a consequence, our results are most generalizable to
an insured US population with established or at high-risk for athero-
sclerotic disease.”

5 | CONCLUSION

In conclusion, this large, contemporary real-world study demon-
strates the impact of comorbid AF on MACE rates in patients with
or at high-risk for atherosclerotic disease. We showed that increas-
ing CHA,DS,-VASc scores were associated with higher MACE risk
and a significant number of patients will experience a MACE by
4 years. OAC usage remains relatively low, although it may be
increasing in recent years. Reductions in MACE risk may be attrib-
uted to changes in practice for AF management and the adoption
of NOACs. These results emphasize the continued need for opti-
mizing anticoagulant and antiplatelet therapy in AF patients at risk
of or with atherosclerotic disease.
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