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Purpose: Atrial fibrillation/flutter (AF) is frequently associated with cardiovascular comorbidities.
Observational health care databases are commonly used for research purposes in studies of quality
of care, health economics, outcomes research, drug safety, and epidemiology. This retrospective
cohort study applied a common data model to administrative claims data (Truven Health Analytics
MarketScan® claims databases [MS-Claims]) and electronic medical records data (Geisinger
Health System’s MedMining electronic medical record database [MG-EMR]) to examine the
risk of cardiovascular hospitalization and all-cause mortality in relation to clinical risk factors in
recent-onset AF and to assess the consistency of analyses for each data source.

Methods: Cohorts of patients with newly diagnosed AF (n=105,262 [MS-Claims] and n=3,919
[MG-EMR]) and demographically similar patients without AF (n=105,262 [MS-Claims] and
n=3,872 [MG-EMR]) were followed from the qualifying AF diagnosis until cardiovascular
hospitalization, death, database disenrollment, or study completion. A common data model
standardized the data in structure, format, content, and nomenclature to allow for systematic
assessment and comparison of outcomes from two disparate data sets.

Results: In both databases, AF patients had greater overall baseline comorbidity and higher
incidence rates of cardiovascular hospitalization (threefold higher) and all-cause mortality
(46% higher) than non-AF patients. For AF patients, incidence rates of cardiovascular hospital-
ization and all-cause mortality were increased by the concomitant presence of coronary disease,
chronic obstructive pulmonary disease, and stroke at baseline. Overall, the pattern of cardiovas-
cular hospitalization in the MS-Claims database was similar to that in the MG-EMR database.
Compared with the MS-Claims database, the use of cardiovascular medications and the capture
of certain comorbidities among AF patients appeared to be higher in the MG-EMR data set.
Conclusion: Similar standardized analyses across EMR and Claims databases were consistent
in the association of AF with acute morbidity and an increased risk of all-cause mortality. Areas
of inconsistency were due to differences in underlying population demographics and cardiovas-
cular risks and completeness of certain data fields.

Keywords: atrial fibrillation, cardiovascular hospitalization, common data models,
epidemiology, observational databases

Introduction

Atrial fibrillation affects an estimated 3.0 million adults in the United States' and is
the most common form of cardiac arrhythmia encountered in clinical practice. Atrial
flutter is less prevalent than atrial fibrillation but is a frequent precursor of atrial
fibrillation, and the two conditions are often considered in conjunction.? Non-valvular
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atrial fibrillation/flutter (AF) increases the risk of ischemic
stroke fivefold,> while chronic tachycardia associated
with AF can promote left ventricular dysfunction and heart
failure.® Further, AF doubles the risk of cardiovascular and
all-cause mortality, independently of anticoagulation status
and underlying comorbidity.®® Yearly in the United States,
there are an estimated 479,000 hospitalizations with AF as
the primary diagnosis and more than 100,000 AF-related
deaths.’” Most hospitalizations in patients with AF are due to
rapid heart rate, heart failure, and stroke.'®!" Over the past
30 years, there has been a steady rise in the annual number of
AF-related hospital admissions and associated deaths in the
United States,'?'* which may in part be attributed to increases
in life expectancy and changes in health care delivery.!* !¢
Nationally, AF-related health care costs are estimated to
range from $6.0 billion (direct costs) to $26.0 billion (direct
and indirect costs) annually,!” with hospitalization being the
main cost driver.'®!

Observational health care databases provide an oppor-
tunity to examine the consistency of associations between
AF and cardiovascular hospitalization morbidity measures
in real-world clinical practice settings.

The purpose of this study was to 1) standardize methodolo-
gies and coding algorithms via a common data model (CDM)
across two disparate types of data sources, a) administrative
claims data and b) electronic medical records data (EMR),
and 2) understand how underlying differences in baseline
characteristics across populations affect the observed risk
of cardiovascular hospitalization and all-cause mortality in
relation to clinical risk factors in recent-onset AF.

Methods

Data sources

The study utilized two US health care system databases:
1) the Truven Health Analytics MarketScan® claims data-
bases (MS-Claims) and 2) the Geisinger Health System’s
MedMining EMR database (MG-EMR). Both data sources
are widely used for epidemiologic and health economics
and outcomes research.?>> Patient data were de-identified
in compliance with the Health Insurance Portability and
Accountability Act of 1996.

The MS-Claims databases capture individual-level
clinical utilization, expenditures, and enrollment across inpa-
tient, outpatient, prescription drug, and carve-out services
from ~45 large employers, health plans, and government
and public organizations for ~64 million individuals. The
databases include commercially insured employees and their
dependents, early retirees, COBRA (Consolidated Omnibus

Budget Reconciliation Act) — and Medicare-eligible retirees
with employer-provided Medicare Supplemental plans, and
eleven state Medicaid plans.

The MG-EMR database provides information on
patient demographics, inpatient and outpatient care, phar-
macy prescriptions, laboratory results, procedures, diag-
noses, lifestyle measures, and vital status of ~3.8 million
individuals (1996 to present) covered by the Geisinger
Health System. The Geisinger Health System provides care
to patients of all ages (including Medicare-eligible patients)
in Central Pennsylvania, USA. Vital status and date of
death were ascertained via linkage with the Social Security
Administration’s Death Master files. These files report vital
status but not cause of death.

Patient selection and study design

This cohort study included patients with newly diagnosed
AF and a comparator group of demographically similar
patients without AF. To minimize variability between the
databases and enable systematic analyses across disparate
databases, a CDM was used to standardize these data in
structure, format, content, and nomenclature, as previously
published.?

For inclusion in this study, patients were required to
have =1 inpatient AF diagnosis (International Classification
of Diseases, Ninth Revision [ICD-9] diagnostic code 427.31
or 427.32) or two outpatient AF diagnoses on separate days
within 30 consecutive days, after an interval of =364 days
with no AF diagnosis, between January 2003 and December
2009 (MS-Claims) or January 2005 to September 2010
(MG-EMR) (Figure 1). Enrolled patients without an AF
diagnosis who had =1 non-AF-related inpatient encounter
or =2 non-AF-related outpatient encounters over the cor-
responding period were matched to AF patients by sex, birth
date (£5 years), geographic region (MS-Claims only — all
EMR patients were from the same region), and insurance
type to form a control group. Patients were required to
have =364 days of continuous database enrollment before
the qualifying index date (AF diagnosis date for AF patients
and a qualifying encounter date for non-AF comparators),
which was considered the 1-year baseline period. Non-AF
patients did not have any diagnosis of AF during the baseline
period or at the qualifying encounter date. The day after
the index date indicated the beginning of follow-up, and
the patients required =1 day of follow-up to be included
(Figure 2). Patients were excluded if they were <40 years
old on their index date, had a diagnosis of hyperthyroidism
or valvular heart disease <90 days before their index date, or
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AF patients
inclusion criteria
* 22 outpatient diagnoses
of AF within 30 days after
an interval of 2364 days
with no diagnosis of AF;
or

+ 21 hospitalization for AF

!

Non-AF patients
inclusion criteria
* No diagnosis of AF and
activity (=2 outpatient or >1
inpatient encounter) at the
time of the index date; and
* Same age and sex as AF
patients

* Age <40 years on index date

* <1 day of follow-up after the index date

Exclusion criteria

* Recent cardiac surgery, hyperthyroid disease, or valvular disease (transient AF)
* <364 baseline days of activity in the database before the qualifying index date

l

AF patients

l

Non-AF patients
matched as above*

Patients followed for CV
hospitalizations

Figure | Selection of AF and non-AF patients (MS-Claims and MG-EMR data sets).

Note: *Non-AF comparators matched on sex, age (5 years), region (Northeast, North central, West, and South), health plan (commercial, Medicare, and Medicaid).
Abbreviations: AF, atrial fibrillation/flutter; CV, cardiovascular; MG-EMR, Geisinger Health System’s MedMining electronic medical record database; MS-Claims, Truven

Health Analytics MarketScan® claims databases.

had undergone cardiac surgery <364 days before their index
date (Figure 1). Patients with chronic AF were further identi-
fied by excluding patients with transient AF, defined as an AF
diagnosis with evidence of hyperthyroidism (signified by an
ICD-9 diagnosis code for hyperthyroidism or an outpatient
prescription claim for methimazole or propylthiouracil in

Study start date Study end date

Observation Index date Hospitalization

L 365 days ln J

Y Y
Baseline period Follow-up period

Figure 2 Study design and chronology.

Notes: Index date (T ): date of the first qualifying AF diagnosis. For non-AF patients,
index date was the time of the qualifying encounter. Baseline period: 365 baseline
days of continuous enrollment in the database before the qualifying index date and
inclusive of qualifying index diagnosis date. Follow-up period: time during which
the patient contributed person-time to the denominator of the incidence rate
of cardiovascular hospitalization and was eligible to be included as a case in the
numerator of the incidence rate. Start of follow-up is the day after index date (T).
End of follow-up is the earliest of the following dates: 1) end of the study calendar
period (31 December 2009 or 30 September 2010); 2) occurrence of a study end
point (cardiovascular hospitalization admission date, AF hospitalization admission
date); 3) exit from the database (eg, end date in the database).

Abbreviation: AF, atrial fibrillation/flutter.

the 12-month period before the index diagnosis), or an AF
diagnosis after recent cardiac surgery (Figure 3A and B).

Baseline characteristics and outcome

measures

Data on patient demographics, clinical, and treatment char-
acteristics (Charlson Comorbidity Index?’) were ascertained
over the 12-month preindex period. For variables with
multiple database entries, values closest to the index date
were used. Comorbidities of interest were identified from
relevant ICD-9 diagnostic codes; cardiovascular medications
were identified from National Drug Codes (MS-Claims) or
therapeutic codes and string searches (MG-EMR).

Study end points included cardiovascular hospitalization,
all-cause mortality (MG-EMR data set only), and newly
recorded morbidity events/conditions (such as myocardial
infarction [MI] or cerebrovascular disease) during the postin-
dex follow-up. Patient follow-up extended from the index
date until occurrence of cardiovascular hospitalization or
death, termination of database enrollment, or completion of
the study period, whichever occurred first. Cardiovascular
hospitalizations were categorized by cause, as determined
from the primary discharge diagnosis (Table 1).
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Figure 3 Patient flow.

Total enrollees from January 1, 2003—-December 31, 2009
n=101,966,876

Patients with >1 inpatient or outpatient AF diagnoses
n=1,303,375 (1.3%)

Patients with >1 inpatient or >2 outpatient AF diagnoses within 30 days
n=736,780 (56.5%)

Patients aged >40 years for initial qualifying AF diagnosis
n=713,218 (96.8%)

Patients with >1 day of follow-up
n=703,963 (98.7%)

Patients with 2365 days continuous baseline
n=329,871 (46.9%)

Patients without cardiac surgery within 364 days prior to AF index date
n=129,328 (39.2%)

Patients without hyperthyroidism or valvular disease within 90 days prior to AF index date
n=105,262 (81.4%)

AF patient cohort Matched non-AF patient cohort
n=105,262 n=105,262

CV hospitalizations CV hospitalizations
n=39,279 n=16,260

Patients for potential
inclusion in analytic cohort
matched from January 2005—
September 2010 on:

AF patients +  Age 15 years Non-AF patients
n=16,922 «  Sex n=16,922

n=8,526 1 inpatient or 2 outpatient n=9,216
diagnoses within 30 days
n=8,396 n=7,706
n=133 Age >40 years at index n=144
A 4 A 4
n=8,263 n=7,562
n=165 >1 day of follow-up n=315

3
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n=6,596 n=4,009
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n=64 No hyperthyroidjsm within 90 days n=18
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n=4,996

n=1,077 No valvulalr disegse within 90 days n=60
prior to index date

n=3,919 n=3,872

:

Notes: (A) MS-Claims data set. (B) MG-EMR data set.
Abbreviations: AF, atrial fibrillation/flutter; Cl, confidence interval; CV, cardiovascular; MG-EMR, Geisinger Health System’s MedMining electronic medical record database;
MS-Claims, Truven Health Analytics MarketScan® claims databases.
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Table | Causes of cardiovascular hospitalization and the

corresponding ICD-9 diagnostic codes

Cause of cardiovascular hospitalization ICD-9 code

All-cause cardiovascular disease 390.x—459.x

Atrial fibrillation/flutter 427.31, 427.32

Rheumatic heart disease 391.x,
393.x-398.x

Hypertensive disease 401.x—405.x,
437.2

Coronary heart disease (acute myocardial infarction, 410.x—414.x

acute/sub-acute coronary syndrome, and angina

pectoris)

Pulmonary circulatory disease 415.x417.x

Other forms of heart disease (acute pericarditis, 420.x—429.x

acute/sub-acute endocarditis, acute myocarditis,

other diseases of pericardium, other diseases of

endocardium, cardiomyopathy, conduction disorders,

cardiac dysrhythmias, and ventricular arrhythmia or

cardiac arrest)

Heart failure 398.91, 428.x

Cerebrovascular disease 430.x—438.x

Diseases of the arteries, arterioles, and capillaries 440.x—448.x

(including atherosclerosis)

Diseases of the veins and lymphatics, and other 451.x—459.x

disease of the circulatory system (including phlebitis,
thrombophlebitis, and portal vein thrombosis)

Abbreviation: ICD-9, International Classification of Diseases, Ninth Revision.

Statistical analysis

Data were summarized using descriptive statistics.
Intercohort comparisons of outcomes were summarized using
prevalence odds ratios (baseline comorbidity prevalence) or
incidence rate ratios (IRRs) (comorbidity, cardiovascular
hospitalization, and all-cause mortality incidence rates during
follow-up) with 95% confidence intervals (ClIs).

Baseline prevalence rates of comorbidity and medication
use were determined for each cohort and prevalence odds
ratios (AF cohort:non-AF cohort) and 95% ClIs calculated.
Incidence rates of newly recorded morbidity events/
conditions, cardiovascular hospitalization, and all-cause
mortality during follow-up were calculated for each patient
cohort, and IRRs and 95% CIs were derived. Additional
analyses performed only for the MS-Claims data set included
comparisons of incidence rates of cardiovascular hospital-
ization among AF patients stratified by 1) presence/absence
of selected baseline comorbidities; 2) baseline CHADS,
(congestive heart failure, hypertension, age =75 years, diabe-
tes mellitus, and prior stroke/transient ischemic attack [TIA])
score;* and 3) baseline CHA, DS ,-VASc (congestive heart
failure, hypertension, age =75 years, diabetes mellitus, prior
stroke/TIA, vascular disease, age 65—74 years, sex category)
score.?? Kaplan—Meier curves of cumulative incidence of

cardiovascular hospitalization over time were derived using
the life-table approach. Analysis procedures to create the
cohorts and develop the analytic variables were performed
using SAS 9.1. Analyses were performed in STATA version
7 using the STIR procedure to compute point estimates and
95% ClIs for rate ratios and the STS GRAPH procedure to
generate Kaplan—Meier survival functions.

Results
Demographic and baseline clinical

characteristics

A total of 1,303,375 individuals were identified in the MS-
Claims databases (2003-2009) as having =1 inpatient or =2
outpatient diagnoses of AF, of whom 105,262 patients satis-
fied the study eligibility criteria and were matched (by sex,
birth date [t5 years], and insurance type) with 105,262
non-AF patients (Figure 3A). The AF and non-AF cohorts
were therefore of similar age at index date (mean 74 years),
sex (49% male), geographic distribution, and insurance
type (predominantly Medicare) (Table 2). The duration of
postindex follow-up for the AF and non-AF cohorts was
similar (mean [standard deviation] 1.7 [1.6] and 1.9 [1.5]
years, respectively).

Of' 8,396 patients with =1 inpatient or =2 outpatient diag-
noses of AF identified in the MG-EMR database (2005-2010),
3,919 patients were eligible for study inclusion and were
matched with 3,872 non-AF patients by sex and birth date
(%5 years) (Figure 3B). The AF and non-AF cohorts were of
similar age (mean 73 and 71 years, respectively), sex (53%
and 57% male, respectively), and ethnicity (predominantly
Caucasian) (Table 2). The duration of postindex follow-up
was similar for AF and non-AF cohorts (mean [standard
deviation] 1.9 [1.4] and 2.0 [1.4] years, respectively). In the
MG-EMR data set, obesity (body mass index [BMI] >30 mg/
kg?) was more prevalent in AF than in non-AF patients (47.2%
vs 36.6%) (Table 2). Obesity (identified by ICD-9 code) was
less prevalent in both patient groups (Table 3) (suggesting
possible underreporting), but showed similar patterns across
databases, being more frequent in AF than in non-AF patients
(MS-Claims: 2.9% vs 0.6%; MG-EMR: 11.5% vs 1.5%).

Overall, AF patients had greater comorbidity burden at
baseline (Table 2). Use of cardiovascular medications was
more prevalent among AF than non-AF patients.

Baseline comorbidity burden among AF patients was
similar for many major cardiovascular events/conditions
(M1, heart failure, stroke, cardiac hypertrophy, structural
heart disease, and major bleeding), chronic obstructive
pulmonary disease (COPD), and hyperthyroidism (Table 3).
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Table 2 Patient population: baseline characteristics by database

Characteristics MS-Claims MG-EMR
AF cohort Non-AF cohort AF cohort Non-AF cohort
Number of patients 105,262 105,262 3,919 3,872
Male (%) 49.2 49.2 52.8 56.8
Age (years)
Mean (range) 74.4 (40-107) 73.6 (40-107) 72.7 (40-89) 71.1 (40-89)
Age category (%)
4049 years 43 43 39 44
50-59 years 10.0 10.0 11.0 10.7
60-69 years 16.9 16.9 20.2 20.6
70-79 years 28.4 28.4 31.9 40.2
=80 years 40.3 40.3 327 24.2
Race (%)
Caucasian NA NA 99.1 97.9
African-American 0.5 0.4
Hispanic 0.1 0.5
Other 0.2 0.9
Unknown 0.1 0.3
Insurance type (%)
Commercial 20.7 20.7 71.3 62.7
Medicare 67.7 67.7 26.4 327
Medicaid 1.6 1.6 0.7 1.0
Geographic location (%)
Northeast 9.1 9.1 100 100
North central 337 337
South 24.7 247
West 20.6 20.6
Unknown 0.2 0.2
Index AF diagnosis (%)
Inpatient 56.7 56.7 49.5 49.5
Outpatient 433 433 50.5 50.5
Charlson Comorbidity Index (%)
0 314 64.5 23.1 59.1
| 25.0 18.6 17.5 12.5
2 16.1 8.5 16.5 17.7
3 11.0 44 13.2 4.9
=4 16.5 4.1 29.5 5.8
BMI (%)*
<18.5 kg/m? NA NA 1.2 0.7
18.5-24.9 kg/m? 15.0 9.5
25.0-30.0 kg/m? 24.6 14.3
>30.0 kg/m? 36.4 14.2
Missing 22.7 61.3
Mean (SD) 31.0 (8.0) 28.9 (6.5)
Median (range) 29.6 (1.5-76.0) 28.2 (2.3-71.8)
Medications (%)
[3-blockers 44.1 21.5 68.3 234
CCBs 31.2 17.6 353 9.8
Digoxin 15.4 1.6 18.9 1.5
ACE inhibitors/ARBs 13.8 9.5 41.0 20.8
Statins 339 299 41.1 24.6
Anticoagulants 289 2.3 59.7 5.9
Aspirin 23 1.4 38.0 25.6

Note: °BMI data were only available for the MG-EMR data set (3,028 AF patients and 1,500 non-AF patients).

Abbreviations: ACE, angiotensin converting enzyme; AF, atrial fibrillation/flutter; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel blocker;
MG-EMR, Geisinger Health System’s MedMining electronic medical record database; MS-Claims, Truven Health Analytics MarketScan® claims databases; NA, not available;

SD, standard deviation.
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Table 3 Prevalence of comorbidity during the baseline period among AF and non-AF patient cohorts by database

Prevalence of MS-Claims MG-EMR
comorbidity during AF cohort Non-AF cohort Prevalence AF cohort Non-AF cohort Prevalence
baseline period (n=105,262), (n=105,262), odds ratio (n=3,919), (n=3,872), odds ratio

N (%) N (%) (95% CI) N (%) N (%) (95% CI)
Myocardial infarction 3,825 (3.6%) 302 (0.3%) 13.1 (11.7-147) 98 (2.5%) 3(0.1%) 33.1 (11.0-163.2)
Heart failure 25,283 (24.0%) 3,491 (3.3%) 9.2 (8.9-9.6) 927 (23.7%) 56 (1.4%) 21.1 (16.0-28.3)
Pulmonary embolism 1,827 (1.7%) 225 (0.2%) 8.2 (7.2-9.5) 125 (3.2%) 1 (0.3%) 11.6 (6.2-23.8)
Cardiac hypertrophy 9,705 (9.2%) 1,441 (1.4%) 7.3 (6.9-7.7) 358 (9.1%) 16 (0.4%) 242 (14.7-42.9)
Obesity* 3,066 (2.9%) 655 (0.6%) 48 (4.4-5.2) 450 (11.5%) 60 (1.5%) 82 (6.3-10.8)
Obesity® NA NA NA 1,428 (47.2%) 549 (36.6%) 3.5 (3.1-3.9)
Syncope 8,745 (8.3%) 2,305 (2.2%) 4.1 3.9-42) 249 (6.4%) 43 (1.1%) 6.0 (4.3-8.6)
Structural heart disease 33,417 (31.7%) 8,320 (7.9%) 5.4 (5.3-5.6) 1223 312%) 95 (2.5%) 18.0 (14.5-22.3)
Coronary heart disease 30,471 (28.9%) 11,422 (10.9%) 3.4 (3.3-3.4) 1,279 (32.6%) 225 (5.8%) 7.9 (6.7-9.2)
COPD 19,431 (185%) 6,688 (6.4%) 3.3 (3.2-34) 681 (17.4%) 107 (2.8%) 7.4 (6.0-9.2)
Stroke 19,748 (18.8%) 7,063 (6.7%) 3.2 (3.1-3.3) 814 (20.8%) 203 (5.2%) 47 (4.0-5.6)
Sleep apnea 4,455 (4.2%) 1,795 (1.7%) 2.6 (2.4-2.7) 280 (7.1%) 25 (0.6%) 11.8 (7.8-187)
Hypertension 56,602 (53.8%) 35,079 (33.3%) 23 (2.3-2.4) 2,720 (69.4%) 645 (16.7%) 114 (102-12.7)
Major bleeding 33360 31.7%) 18,578 (17.6%) 22 (2.1-2.2) 1,091 (27.8%) 423 (10.9%) 3.2 (2.8-3.6)
Diabetes 22,642 (21.5%) 13,698 (13.0%) 1.8 (1.8-1.9) 1114 (284%) 302 (7.8%) 47 (4.1-5.4)
Valvular heart disease 5,192 (4.9%) 2,983 (2.8%) 1.8 (1.7-1.9) 110 (2.8%) 7 (0.2%) 15.5 (7.3-39.5)
Hyperthyroidism 372 (0.4%) 312 (0.3%) 1.2 (1.0-1.4) 16 (0.4%) 9 (0.2%) 1.8 (0.7-4.5)

Notes: *Obesity defined by ICD-9 codes 278.00-278.02; bobesity defined by BMI >30 kg/m?; based on BMI data available for the MG-EMR database (3,028 patients [77.3%]

in the AF cohort and 1,500 patients [38.7%] in the non-AF cohort).

Abbreviations: AF, atrial fibrillation/flutter; BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ICD, International Classification
of Diseases, Ninth Revision; MG-EMR, Geisinger Health System’s MedMining electronic medical record database; MS-Claims, Truven Health Analytics MarketScan® claims

databases; NA, not available.

Hypertension was the most prevalent of the baseline comor-
bidities investigated among AF patients (Table 3). In contrast,
heart failure, structural heart disease, COPD, hypertension,
valvular heart disease, and diabetes were reported less
frequently among non-AF patients (Table 3). The leading
comorbidities showing the most pronounced differences in
prevalence between AF and non-AF patients across databases
included MI, heart failure, cardiac hypertrophy, pulmonary
embolism, and structural heart disease (Table 3).

Comparison between databases

for common analyses

Patients in the MS-Claims data set had a greater overall mean
age of 74 years (range 40—107) versus patients in the MG-
EMR data set (mean age 71.9 years; range 40—89), due to a
higher proportion of patients in the =80 years age category
(40.3% vs 28.5%) (Table 2).

Similarities across the two databases were observed for
postindex risk of cardiovascular hospitalization and new
morbidities as well as specific baseline comorbidities. The
incidence rate of all-cause cardiovascular hospitalization
was 3.4-fold higher in AF than in non-AF patients (Table 4).
Admissions for cardiac dysrhythmias (other than AF),
cardiomyopathy, other forms of heart disease, heart failure,

and rheumatic heart disease were =4 times more frequent in
AF than non-AF patients (Table 4). Admissions for hyperten-
sive disease, coronary heart disease, cerebrovascular disease,
conduction disorders, arterial disease, and venous/lymphatic
disease were ~2 times more frequent among AF patients than
non-AF patients (Table 4).

Hospitalization rates among AF patients with and
without baseline comorbidity indicated that the presence
of baseline heart failure, COPD, coronary heart disease,
and MI increased the risk of all-cause cardiovascular hos-
pitalization by >50% during the follow-up period (Figure
4A and B).

The most frequent newly recorded morbidity events/
conditions among AF patients were hypertension, major
bleeding, coronary heart disease, heart failure, valvular
heart disease, and stroke (Table 5). The incidence rates of
all selected cardiovascular, cardiometabolic, and respiratory
comorbidities (apart from diabetes in the MG-EMR database)
were significantly higher among AF patients than non-AF
patients (Table 5).

Differences across databases were observed in certain
baseline medications and co-morbidities, and in the inci-
dence of new cardiovascular events and hospitalizations. At
baseline, patients from the MG-EMR database had higher
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Table 4 Incidence rates of cardiovascular hospitalization during the postindex period among AF and non-AF cohorts by database

Hospital discharge diagnosis MS-Claims

MG-EMR

(specific cardiovascular cause) Incidence rate (n per Incidence Incidence rate (n per Incidence
1,000 patient-years) rate ratio 1,000 patient-years) rate ratio
AF cohort Non-AF cohort  (95% CI) AF cohort  Non-AF cohort  (95% CI)
(n=105,262) (n=105,262) (n=3,919) (n=3,872)

All cardiovascular disease 3113 91.4 3.4 (34-3.5) 341.2 100.4 34 (3.1-3.7)

(ICD-9: 390.x—459.x)

Atrial fibrillation and flutter 175.8 0 - 169.6 0 -

(ICD-9: 427.3x)

Cardiac dysrhythmias (ICD-9: 427.x)  201.0 13.4 I5.1 (145-15.7)  207.1 224 9.3 (7.9-11.0)

Cardiomyopathy (ICD-9: 425.x) 17.6 2.8 6.3 (5.8-6.9) 6.1 1.5 4.2 (2.1-8.9)

Other forms of heart disease 253.6 40.3 6.3 (6.1-6.5) 279.4 494 5.7 (5.0-6.4)

(ICD-9: 420.x—429.x)*

Heart failure (ICD-9: 398.91, 428.x) 90.3 17.4 5.2 (5.0-5.4) 78.1 14.1 5.5 (4.5-6.9)

Rheumatic heart disease 9.7 2.1 4.6 (4.1-5.1) 5.9 1.5 4.0 (2.0-8.6)

(ICD-9: 391.x, 393.x-398.x)

Diseases of veins and lymphatics, 30.7 10.7 2.9 (2.7-3.0) 28.7 12.9 2.2 (1.7-2.9)

and other diseases of circulatory

system (ICD-9: 451.x—459.x)°

Coronary heart disease 78.5 285 2.8 (2.7-2.8) 52.8 26.7 2.0 (1.7-2.4)

(ICD-9: 410.x—414.x)

Conduction disorders (ICD-9: 426.x)  12.4 4.9 2.5 (2.3-2.7) 13.0 6.9 1.9 (1.3-2.7)

Diseases of arteries, arterioles, 21.8 8.7 2.5 (2.4-2.6) 22,6 12.1 1.9 (1.4-2.5)

and capillaries (ICD-9: 440.x—448.x)¢

Cerebrovascular disease (ICD-9: 47.5 20.0 2.4 (2.3-2.5) 6l1.6 31.0 20(1.7-24)

430.x—438.x)

Hypertensive disease (ICD-9: 101.0 44.7 2.3 (22-2.3) 20.2 10.6 1.9 (1.4-2.5)

401.x—405.x, 437.2)

All-cause mortality NA NA NA 28.1 19.3 1.5 (1.2-1.8)

Cardiovascular hospitalization NA NA NA 353.6 110.0 3.2 (2.9-35)

or all-cause mortality

Notes: *Includes acute pericarditis, acute/subacute endocarditis, acute myocarditis, other diseases of pericardium, other diseases of endocardium, cardiomyopathy, conduction
disorders, cardiac dysrhythmias, and ventricular arrhythmia or cardiac arrest; *includes phlebitis, thrombophlebitis, and portal vein thrombosis; “includes myocardial infarction,

acute/subacute coronary syndrome, and angina pectoris; ‘includes atherosclerosis.

Abbreviations: AF, atrial fibrillation/flutter; Cl, confidence interval; ICD-9, International Classification of Diseases, Ninth Revision; MG-EMR, Geisinger Health System’s
MedMining electronic medical record database; MS-Claims, Truven Health Analytics MarketScan® claims databases; NA, not available.

cardiovascular medication use than patients in the MS-
Claims database (Table 2). There were also differences in the
capture of comorbidities between AF and non-AF patients,
as evidenced by the markedly higher prevalence odds ratios
for valvular heart disease, hypertension, and sleep apnea in
the MG-EMR data set compared with the MS-Claims data
set (Table 3). Among non-AF patients, prevalence rates for
most comorbidities were lower in the MG-EMR database
than in the MS-Claims database, except for pulmonary
embolism and obesity (ICD-9 defined) (Table 3). Among
AF patients, the reported prevalence of pulmonary embo-
lism, hypertension, diabetes, obesity, and sleep apnea were
higher in MG-EMR data compared with MS-Claims data.
The incidence rates of cardiovascular hospitalization from
hypertensive disease and cardiomyopathy among AF patients
were markedly higher (~5 times and ~3 times, respectively)
in the MS-Claims versus MG-EMR data (Table 4). In the
MG-EMR data set, the risk of all-cause cardiovascular

hospitalization among AF patients was increased by >50%
by the presence of cardiac hypertrophy, valvular heart dis-
ease, pulmonary embolism, or stroke (Figure 4B). Time to
onset of all selected new morbidities was shorter for AF
than non-AF patients in the MS-Claims data. In contrast,
no differences were observed for syncope, MI, pulmonary
embolism, and hyperthyroidism in the MG-EMR data.
Times to hospitalization for cardiovascular disease among
AF patients and non-AF patients were similar across databases
(Figure 5A and B). AF patients experienced more hospitaliza-
tions for cardiovascular disease immediately after receiving the
initial AF diagnosis, and time-to-event curves for AF and non-
AF cohorts continued to diverge over the follow-up period.

Database-specific analysis

In the MS-Claims analysis, all-cause cardiovascular hospi-
talization rates for AF and non-AF patients progressively
increased with ascending CHADS, and CHA,DS -VASc
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Figure 4 Comparison of incidence rates of cardiovascular hospitalization during the postindex period among AF patients with and without baseline comorbidity.

Notes: (A) MS-Claims data set. (B) MG-EMR data set. Incidence rate ratio is the rati
in AF patients without baseline comorbidity.

o between incidence rate in AF patients with baseline comorbidity and incidence rate

Abbreviations: AF, atrial fibrillation/flutter; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; MG-EMR, Geisinger Health System’s MedMining

electronic medical record database; MS-Claims, Truven Health Analytics MarketScan®

scores (data not shown). IRRs (AF:non-AF patients) showed
the opposite trend, reaching their highest value at CHADS,
and CHA DS, -VASc scores of 0 (IRR =4.86 and 6.46, respec-
tively) and their lowest value at CHADS, and CHA,DS,-VASc
scores of 6 and 9 (IRR =1.21 and 1.12, respectively; Figure 6),
indicating that the excess risk of cardiovascular hospitaliza-
tion attributable to AF decreases as the comorbidity burden
increases.

claims databases.

Postindex risk of all-cause mortality in
the EMR database

The incidence rate of all-cause mortality during the
follow-up period was 46% higher among AF patients than
non-AF patients (Table 4). All-cause mortality risk among
AF patients was increased >2-fold in the presence of
MI, COPD, cardiac hypertrophy, heart failure, and stroke
(Figure 7).
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Table 5 Incidence rates of new morbidity events and conditions during the follow-up period among AF and non-AF cohorts by database

New morbidity MS-Claims

MG-EMR

events or conditions

Incidence rate (n per Incidence Incidence rate (n per Incidence
1,000 patient-years) rate ratio 1,000 patient-years) rate ratio
AF cohort Non-AF cohort (95% 1) AF cohort Non-AF cohort (95% CI)
(n=105,262) (n=105,262) (n=3,919) (n=3,872)
Heart failure 135.6 322 42 (4.143) 140.2 33.1 4.2 (3.64.9)
Cardiac hypertrophy 66.8 18.0 3.7 (3.6-3.9) 779 229 34 (2.84.1)
Sleep apnea 334 9.3 3.6 (3.4-3.8) 54.4 15.2 3.6 (2.94.5)
Valvular heart disease 129.4 39.3 3.3(3.2-34) 122.0 428 2.9 (2.5-3.3)
Pulmonary embolism 10.7 3.6 3.0 (2.7-3.3) 14.0 6.1 2.3 (1.6-3.4)
Coronary heart disease 170.2 589 2.9 (2.8-3.0) 137.3 76.4 1.8 (1.6-2.0)
Hyperthyroidism 83 35 2.3 (2.1-2.6) 8.6 4.6 1.9 (1.2-2.9)
COPD 79.9 37.6 2.1 (2.1-2.2) 724 38.1 1.9 (1.6-2.2)
Syncope 55.4 27.1 2.0 (2.0-2.1) 49.5 19.8 2.5 (2.1-3.1)
Myocardial infarction 17.7 8.9 2.0 (1.9-2.1) 15.4 10.7 1.4 (1.1-2.0)
Hypertension 386.8 198.9 1.9 (1.9-2.0) 3674 204.1 1.8 (1.6-2.0)
Stroke 113.3 58.6 1.9 (1.9-2.0) 104.2 63.4 1.6 (1.4-1.9)
Obesity 14.3 7.5 1.9 (1.8-2.1) 56.6 25.9 2.2 (1.8-2.6)
Major bleeding 3134 166.9 1.9 (1.9-1.9) 3159 140.1 2.3 (2.1-2.5)
Diabetes 61.9 38.0 1.6 (1.6-1.7) 58.6 62.7 0.9 (0.8-1.1)

Abbreviations: AF, atrial fibrillation/flutter; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; MG-EMR, Geisinger Health System’s MedMining
electronic medical record database; MS-Claims, Truven Health Analytics MarketScan® claims databases.

Discussion

This descriptive study utilized a CDM to enable the analysis
and comparison of two disparate data sources (administra-
tive claims and EMR data). Markedly higher cardiovascular
hospitalization and all-cause mortality rates were observed
among patients with newly diagnosed AF compared with
demographically similar patients without AF.

The retrospective, observational nature of the MS-Claims
and MG-EMR analyses has implications for interpreting the
study findings. Similar types of retrospective cohort stud-
ies have been previously described using claims data and
matched non-AF controls;'7 however, to our knowledge,
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this is the first analysis in which a CDM, particularly using
EMR data, and standardized methods have been used to
define AF/non-AF cohorts to examine both cardiovascular
hospitalization and mortality outcomes.

The MS-Claims analysis was based on administrative
claims data. Diagnostic and pharmacy prescription claims
from billing records alone may not be reliable substitutes
for clinically confirmed diagnoses, as there can be potential
for coding inaccuracy. In contrast, the MG-EMR analysis
was based on automated EMR records derived from medical
practice. Advantages of the MG-EMR database include its
comprehensive coverage of the elderly, the accuracy of its
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Figure 5 Kaplan—Meier estimates showing cumulative incidence of cardiovascular hospitalization over time among AF and non-AF patients.

Notes: (A) MS-Claims data set. (B) MG-EMR data set.

Abbreviations: AF, atrial fibrillation/flutter; MG-EMR, Geisinger Health System’s MedMining electronic medical record database; CV, cardiovascular; MS-Claims, Truven

Health Analytics MarketScan® claims databases.
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Figure 6 Comparison of incidence rates of cardiovascular hospitalization during the postindex period among AF and non-AF patients stratified by baseline CHADS, and

CHA,DS,-VASc scores (MS-Claims data set).

Note: Incidence rate ratio indicates the ratio between incidence rate in AF patients with baseline comorbidity and incidence rate in AF patients without baseline comorbidity.

*P<<0.0001, AF patients versus non-AF patients.

Abbreviations: AF, atrial fibrillation/flutter; CHADS,, Congestive heart failure, Hypertension, Age =75 years, Diabetes mellitus, and prior Stroke/TIA; CHA,DS -VASc,
Congestive heart failure, Hypertension, Age =75 years, Diabetes mellitus, prior Stroke/TIA, Vascular disease, Age 6574 years, and Sex category; Cl, confidence interval;
MS-Claims, Truven Health Analytics MarketScan® claims databases; TIA, transient ischemic attack.

coded records (MG-EMR data contain hospital discharge
diagnoses that reflect the underlying medical reason for an
inpatient stay), and its provision of vital status information
that is unavailable from claims databases. Since hospital-
ization and mortality rates increase sharply with age, the
MG-EMR analysis is expected to provide a more accurate

estimate of these outcomes in AF patients. One drawback of
the MG-EMR database is its narrow geographic representation
(Central Pennsylvania, USA), meaning that the findings of the
MG-EMR analysis, unlike the MS-Claims analysis, cannot be
extrapolated nationally. Since Geisinger covers a large rural
area where there are few alternative sources of health care,
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Figure 7 Comparison of incidence rates of all-cause mortality during the postindex period among AF patients with and without baseline comorbidity (MG-EMR data set).
Note: Incidence rate ratio indicates the ratio between incidence rate in AF patients with baseline comorbidity and incidence rate in AF patients without baseline comorbidity.
Abbreviations: AF, atrial fibrillation/flutter; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; MG-EMR, Geisinger Health System’s MedMining

electronic medical record database.
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it is likely that most patients in the database receive their
entire health care at Geisinger. However, as with some other
EMR systems, it is possible for patients to receive health care
outside the Geisinger system, which can potentially result in
less than complete ascertainment of the number of health care
encounters and hospitalizations. Nevertheless, the hospitaliza-
tion rates in this study are comparable to other studies.
Despite the differences in geographic coverage, discharge
and diagnostic codes, and comorbidity rates between the
MS-Claims and MG-EMR databases, the IRRs for cardio-
vascular hospitalization in the two data sets were similar.
Standardized analyses in both data sets showed that in the
12-month period prior to their index diagnosis, AF patients
were in poorer health than their non-AF counterparts, shown
by their higher prevalence of cardiovascular and metabolic
comorbidities and AF-related symptoms. Analysis of the
MS-Claims and MG-EMR data sets showed that MI was
the baseline comorbidity most strongly associated with AF.
Consistent with this, AF patients were much more likely to
be prescribed anticoagulants, B-blockers, and digoxin dur-
ing this prediagnostic period than demographically similar
non-AF patients. Recognized risk factors for the development
of AF include sleep apnea, pulmonary embolism, COPD,
hyperthyroidism, obesity, and diabetes,*>3%3! conditions more
common in the elderly, in whom AF is most prevalent.
Certain baseline comorbidities among AF patients appear
to be captured at higher rates in the MG-EMR database
compared with the MS-Claims database, particularly obe-
sity, sleep apnea, pulmonary embolism, hypertension, and
diabetes. The EMR data had a large percentage (42%) of
missing BMI and laboratory values (labs), with an imbal-
ance between AF (23% BMI; =20% labs) and non-AF
patients (61% BMI; =75% labs). This pattern is likely due
to poor health status of the AF population, who would have
had more health care encounters and associated records in
the database than non-AF patients. The EMR data provided
all-cause mortality data, but it was not possible to ascertain
the specific cause of death without death certificate review.
We expect the sensitivity of the administration claims data
to be generally lower than that of medical records data. It is
possible that patients are diagnosed clinically (in medical
records), but this is not recorded in claims because treat-
ments are not initiated. The differences across the databases
observed in certain baseline medications reflect the varia-
tions in capture. EMR data capture prescribed medications,
although these prescriptions are not necessarily filled or
taken®? and, therefore, reflect physician-prescribing patterns
more accurately than claims data, which capture prescription

medications that are dispensed to the patient. Furthermore,
certain drugs, particularly those that are administered in
hospitals (eg, heparin) or over-the-counter medications (eg,
aspirin), may be underreported in claims data.

With regard to age differences between data sets, there
was a greater concentration of older patients in MS-Claims
due to an increased enrichment of Medicare patients, com-
pared with MG-EMR.

Consistent with previous reports that AF itself predisposes
toward development of other forms of cardiovascular disease,
notably stroke and heart failure,* ¢ this study demonstrated a
high absolute incidence of de novo cardiovascular morbidity
following AF diagnosis. Patients with newly diagnosed AF
were at greater risk of developing a spectrum of cardiovas-
cular, cardiometabolic, and respiratory comorbidities than
non-AF patients. The high burden of preexisting and newly
recorded morbidity was reflected in the higher rates of car-
diovascular hospitalization (>3-fold increase) and all-cause
mortality (~50% increase) among AF patients compared with
non-AF patients. Of the baseline (prediagnostic) comorbidi-
ties evaluated, heart failure, cardiac hypertrophy, MI, COPD,
coronary heart disease, and stroke appeared to have most
impact in increasing cardiovascular hospitalization and all-
cause mortality rates following AF diagnosis.

A recent US study showed that the 3-year incidence of car-
diovascular hospitalization ranged between 36% and 50%.%
The risk of cardiovascular hospitalization was increased by
preexisting heart failure, coronary artery disease, or diabetes,
regardless of the individual rhythm-control agent used.** The
ATHENA study, which prospectively evaluated the effect of
dronedarone on cardiovascular hospitalization and all-cause
mortality in paroxysmal/persistent AF, reported an incidence
of first cardiovascular hospitalization of ~30%—-40% over a
follow-up period of 21 months.**

Few studies have evaluated how the comorbidity associ-
ated with new-onset AF relates to clinical prognosis in the
real-world setting. The AnTicoagulation and Risk factors
in Atrial Fibrillation, a cross-sectional database study of
AF patients (n=19,974), reported that, in the 5-year period
prior to index diagnosis, the most prevalent comorbidities
were hypertension (49%), coronary heart disease (35%),
heart failure (29%), and diabetes (17%).% International AF
cohort studies in the UK and France have also reported a
high prevalence of cardiovascular comorbidity and burden of
symptoms among AF patients.>*** The Registry on Cardiac
Rhythm Disorders Assessing the Control of Atrial Fibrilla-
tion, a 1-year longitudinal study of patients with newly diag-
nosed paroxysmal/persistent AF (n=5,604), reported that the
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presence of comorbid cardiovascular disease, renal disease,
or CHADS score =2 in the previous year was associated
with cardiovascular hospitalization and mortality.>® Baseline
symptoms predicted an adverse outcome independent of
associated cardiovascular morbidity.*’ A retrospective cohort
study based on administrative claims (MarketScan®) data
identified CHADS, score and CHA DS -VASc score as being
the top two predictors of first cardiovascular hospitalization
after AF diagnosis.*’ Hospitalization risk increased two- to
threefold in patients with a CHADS, score of 6, and threefold
in patients with a CHA DS _-VASc score of 9 compared with
patients with scores of 0, suggesting that these indices may
be useful in identifying at-risk AF patients.

This study has some notable limitations. For both analy-
ses, information on the frequency, duration, and symptoms
associated with AF were unavailable, and the extent to which
cardiovascular hospitalization and mortality were affected by
the clinical setting and treatment is unclear. Despite the bal-
ance in baseline demographics between the AF and non-AF
cohorts, there is a likelihood of bias due to imbalance in
nonidentified covariates. Since the study objective was to
utilize a CDM to describe patterns of clinical risk factors
and cardiovascular hospitalization risk across disparate data
sets, regression analysis with multivariate adjustment for
associated comorbidities and health status was not performed.
Hence, causal relationships between the individual baseline
comorbidities and either cardiovascular hospitalization or
mortality are neither assumed nor inferred. It was not possible
to distinguish between paroxysmal, persistent, and permanent
AF in this study as this information was not available in
the databases used, in common with previous retrospective
cohort studies.** This study did, however, identify patients
with chronic AF by excluding patients with transient AF.

In conclusion, by conducting similar standardized analy-
ses in two data sources, this study indicates consistency with
other primary data sources that AF is associated with acute
morbidity and increased risk of cardiovascular hospitaliza-
tion and all-cause mortality. AF management and treatment
remains an unmet medical need, evidenced by the high
prevalence of comorbidity at the time of AF diagnosis and
by the association between this comorbidity and the risk of
subsequent cardiovascular hospitalization, and all-cause
mortality following diagnosis of AF.
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