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ABSTRACT

This document provides information on the pathophysiologlyepidemiology of
atrial fibrillation, along with details on three mauipts that together form the basis of a
doctoral thesis. Atrial fibrillation (AF) is the mosommon cardiac arrhythmia in clinical
practice and poses a great economic burden on the laealdystem. Some well known
cardiovascular risk factors, such as smoking and thebokt syndrome, have not been
widely studied in the context of AF. In addition, thajority of studies on AF have used
primarily white cohorts from North America and Europe.

This dissertation reports the associations of thalpedit syndrome and smoking
with incident AF, and provides a 10-year risk predicticaredor AF using the
Atherosclerosis Risk in Communities (ARIC) study. RRIC study is a bi-racial
cohort of almost 16,000 participants followed since thelbssexamination in 1987-
1989.

The first manuscript describes the association ofrteébolic syndrome and the
individual components of the metabolic syndrome with oiSkcident AF over a mean
follow-up of 15.4 years. A 67% increased risk of incidentws reported for
individuals with compared to those without the metabglimlsome at baseline. Most of
the metabolic syndrome components were associatecdwiticreased AF risk, and of
the individual components, elevated blood pressure appeacedtribute most to AF
risk. In addition, a monotonically increasing risk of wkh increasing number of

metabolic syndrome components was observed.



In the second manuscript, the associations of smatatgs and amount with
incident AF in ARIC were examined, and a systematicditege review on prospective
cohort studies investigating the effects of smoking onn&klence was conducted.
Current and former smokers exhibited a 98% and 30% increakexf developing AF
compared to never smokers. The risk of incident AFes®ed with increasing cigarette-
years of smoking, and appeared to be somewhat greateg amwant smokers than
former smokers with similar cigarette-years of smgkitlowever, no consistent
association was apparent in previously published studies okirsgrand incident AF.

A 10-year risk score for AF was developed using risk factonsmonly measured
in clinical practice for the third manuscript. The rssdore had good discrimination and
better predicted who would develop AF than the Framingh&migk score applied to
the ARIC cohort. In addition, the Framingham and AR8Conary heart disease risk
scores did not predict the 10-year risk of AF well, highligihthe importance of a

separate risk score to predict AF.
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3.0 INTRODUCTION TO ATRIAL FIBRILLATION

Atrial fibrillation (AF) is the most common cardiarrhythmia in clinical practice
and currently affects more than 2.2 million AmericAn&F is a major cause of
morbidity and mortality, and is associated with incrdassk of stroke;® congestive
heart failure® and deatfi:* The prevalence of AF is 1% in the general populatitme
prevalence of AF increases markedly with age and is appately 10% for those 80
years of age or oldéf’ AF imposes a substantial economic burden, with &tatal
costs for treatment of AF in the U.S. in 2001 estimate®5.65 billion® This estimate
included $2.93 billion for hospitalizations with a principaaharge diagnosis of AF,
$1.95 billion for the incremental inpatient cost of ARaasb-morbid diagnosis, $1.53
billion for outpatient treatment of AF, and $235 milliar prescription drugs. Key risk
factors for AF include increasing ag&’’ hypertensior?!* diabetes? 3 obesity**
myocardial infarction (MI)}* congestive heart failure(CHEY cardiac valvular
diseasé;** and structural abnormalities such as left ventriculehyophy(LVH)**°

Therefore, with the aging population and improved surviitat #I and CHF, AF is a

major public health concern.



4.0 PATHOPHYSIOLOGY OF ATRIAL FIBRILLATION

4.1 NATURAL HISTORY

Atrial fibrillation was first reported in 1906 in 2 diffemt articles revealing that
“auricular fibrillation” affected humans, was commormatients with heart disease, and
could be identified by a new instrument, the electrocardigl® AF is a cardiac
arrhythmia caused by disorganized and rapid atrial depolansatwithout effective atrial
contractiom:’ AF is characterized on the electrocardiogram (EB@&he absence of
distinct P-waves, the presence of rapid atrial aeihs, and variable RR intervafs.
Originally, AF was thought to arise by multiple circtetentry, and this theory has held
until recently; current evidence now suggests that ectmpicity, single circuit re-entry,
and multiple circuit re-entry may all be involved hretpathophysiology of AE. AF is
often precipitated by underlying anatomically and histoldlyi@gbnormal atria. The
most frequent pathological changes are atrial dilafibrgsis, abnormal muscle fibers,
and healthy atrial muscle fibers coexisting in close pnityi®° In addition to
histological changes, the onset of AF usually requaregyger, such as acute atrial
stretch, changes in parasympathetic and sympathetic atiomylatrial premature beats or
supraventricular tachycardia, and accessory pathwayameediachycardid. The

following diagram depicts the multiple factors involvedhe pathogenesis of AF:
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Figure 4.1: Factors involved in the pathogenesis of atrial fibidlat Adapted from
Leonardi, M & Bissett, JCurr Opin Cardiol. 2005;20:417-23.
After initiation, AF may persist because of the peesise of the trigger or because of
electrical remodeling that promotes AF without the ptsise of the trigge?

The two commonly recognized pathophysiologic processeslyimieAF include
1) enhanced automaticity in 1 or more rapidly depolarizirag typically in the superior
pulmonary veins, and 2) re-entry involving 1 or more circ{kt®wn as the multiple
wavelet hypothesis). However, it is important to ribtg these two processes are not
mutually exclusive and may coexfdt.In the first scenario, a single focal dischargéhia
pulmonary veins, or short bursts of multiple focattarges, may initiate AE. In
addition, AF may begin as a rapid atrial tachycambanfthe pulmonary veins, but result
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in electrical remodeling that promotes multiple citeaientry AF>> Multiple circuit re-
entry AF involves fractionization of wave fronts througk atria and self-perpetuation of
daughter waveletS. A large atrial mass with a short refractory period delayed
conduction increase the number of wavelets, suggestinthibahechanism is more
likely in sustained AB® The mechanisms involved in AF are summarized in thedigur

below:

A Focal Activation B ,--~, Multiple Wavelets _ .

ICV v
Figure 4.2: Posterior view of electrophysiological mechanisms imaktibrillation. A)
Focal activation: the initiating focus (indicated by #tar) often lies within the
pulmonary veins. B) Multiple wavelet re-entry: waatsl(indicated by the arrows)

randomly re-enter tissue previously activated by the sama@other wavelet. From
Fuster, V et alJ Am Coll Cardiol. 2006;48:854-906.

Regardless of the mechanism initiating the arrhythntigal &lectrical properties are

modified in a way that promotes the occurrence and evzamice of AR?



4.2 CLASSIFICATION OF ATRIAL FIBRILLATION

AF can be classified as either a first-detected epispdecurrent® Recurrent
AF can be further categorized into subtypes based duitgion and response to
treatment. AF is considered “paroxysmilit terminates spontaneously within 7 days.
An episode that lasts longer than 7 days and is unlikedglf-terminate, therefore
requiring electrical or pharmacological cardioversiontérmination, is considered
“persistent.” “Permanent” AF is defined as longstanding(@deater than 1 year) in
which cardioversion is not attempted or when cardidwers not successfaf.?’
Permanent AF appears to account for approximately half AFecases. In a study of
756 general practice AF patients in France, 22.1% had parokg$inal.4% had
permanent AF, and 26.4% had persistentAF.

In addition, AF in individuals younger than 60 yearsgd and in the absence of
underlying heart disease, hypertension, or diabetes isdetome” AF.2° Finally, the
term “nonvalvular’ AF refers to AF in individuals withbrheumatic mitral valve

disease, prosthetic heart valve, or valve reair.

4.3 ATRIAL FIBRILLATION AND ATRIAL FLUTTER

AF and atrial flutter (AFL) are two different typesaifial tachyarrhythmias and,
thus, a distinction between the two conditions shoulthbde. Briefly, AFL is
characterized by a single re-entrant circuit in tgbtratrium, an atrial rate of 250-350

beats/min, a regular ventricular rhythm, and generallyl aRioventricular conduction



resulting in a ventricular rate of 150 beats/ffif. On ECG, broad, saw-toothed F waves

are apparent in AFE2*°as seen below:

EEriE H __E%: ::IEEEEBEL.EL. q‘::gh: H _%ﬁ: a8
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Figure 4.3: Flutter waves in altltrial flutte}l. From Glc;odacre, S énk, RBMJ.
2002;324:594-7.

AF can be distinguished from AFL because it is oftansed by multiple-wavelet
re-entry sweeping around the atrial myocardium chabtidaut rarely completing a re-
entry circuit®® Additionally, an atrial rate of 350-600 beats/min, aegtiar ventricular
rhythm, and a ventricular rate of 100-180 beats/min arectwaistic of AF° On ECG,
an absence of distinct P-waves before the QRS cormalpid atrial oscillations, and

variable RR intervals are seen on a rhythm strip it%&¢.

Thn
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Figure 4.4: Rhythm strip in atrial fibrillation showing variable RRenvals and lack of
P-waves. From Goodacre, S & Irons,BR1J. 2002;324:594-7.



5.0 CLINICAL ASPECTS OF ATRIAL FIBRILLATION

5.1 DIAGNOSIS

AF is often undetected because many individuals witlassFasymptomati¢ or
have few symptoms. Some patients with AF may havémairto no symptoms,
whereas others may have severe symptoms. Symptoms,prdsent, include
palpitations, fatigue, lightheadedness, dyspnea wihtiex, and acute pulmonary
edema’*? Some patients experience symptoms only during paroxysmaniiFover
time as AF becomes permanent, symptoms such as fafmtatay disappear.

Because many individuals with AF lack symptoms, AF isroftiagnosed by
routine ECG examination, in the course of a strokigllpion implanted pacemaker, or
during ambulatory ECG monitoririg. On ECG, AF is detected by the replacement of
consistent P-waves with rapid oscillations varying ipktode, shape, and timing, and
an irregular ventricular respon¥e The RR intervals may also be irregular when
atrioventricular (AV) block or ventricular or AV jutional tachycardia is presetit?® In
addition, an irregular, sustained, wide QRS complex suggé&siath conduction over
an accessory pathway or AF with bundle-branch bfdck.

Initial evaluation of a patient with suspected AF involdesermining whether the
arrhythmia is paroxysmal or persistent, identifying its eaasd defining any associated
factors pertinent to the etiology, tolerability, and ag@ment. Furthermore, the

diagnosis of AF requires confirmation by ECG by attl@asingle-lead recording during



AF.% The following describes the minimum work-up and addititesting in the

diagnosis of AF?

Minimum Evaluation

1. History and physical examination, to define:

Presence and nature of symptoms associated with AF

Clinical type of AF (first episode, paroxysmal, persist@ermanent)
Onset of first symptomatic attack or date of discovérf®

Frequency, duration, precipitating factors, and modes wiitation of AF
Response to any pharmacological agents that have deenistered
Presence of any underlying heart disease or other refeecsibditions
(e.g., hyperthyroidism or alcohol consumption)

2. Electrocardiogram, to identify:

Rhythm (verify AF)

Left ventricular hypertrophy

P-wave duration and morphology or fibrillatory waves

Pre-excitation

Bundle-branch block

Prior myocardial infarction

Other atrial arrhythmias

To measure and follow the RR, QRS, and QT intervat®munction with
antiarrhythmic drug therapy

3. Transthoracic echocardiogram, to identify:

Valvular heart disease

Left atrial and right atrial size

Left ventricular size and function

Peak right ventricular pressure (pulmonary hypertension)
Left ventricular hypertrophy

Left atrial thrombus



+ Pericardial disease

4. Blood tests of thyroid, renal, and hepatic function

« For a first episode of AF, when the ventricular ratdifficult to control

Additional Testing

5.2

1. Six-minute walk test

« If the adequacy of rate control is in question
Exercise testing
« If the adequacy of rate control is in question
+ To reproduce exercise-induced AF
« To exclude ischemia before treatment of selected patwith a type IC

antiarrhythmic drug, such as flecainide or propafenone

. Holter monitoring or event recording

« If diagnosis of the type of arrhythmia is in question

« As a means of evaluating rate control
Electrophysiological study

« To identify left atrial thrombus (in the left atrighpendage)

« To guide cardioversion

. Chest radiograph, to evaluate:

« Lung parenchyma, when clinical findings suggest an abnormality
« Pulmonary vasculature, when clinical findings suggesttanormality

TREATMENT

Treatment is improving for AF, reflected in decreasiagecfatality in recent

years. Although the death rates for AF have beeeasing, likely due to increasing AF

incidence, a few studies in Europe describe a trend oéasiog case-fatality? > In

Scotland, hospitalizations for newly-diagnosed AF doubkdtveen 1986 and 1995, but

9



case-fatality over the following 2 years decreased 266 to 22% in men and from
27% to 25% in womefr In Denmark, total mortality among AF patients decredged
13% between 1980 and 19%3.

Treatment for AF includes strategies to control rederect rhythm disturbance,
and prevent thromboembolism. Current guidelines recomiaemedtricular rate of 60-
80 beats/min at rest and 90-115 beats/min during exercisééntsavith AF>® Rate
control therapy depends mainly on suppression of conduatiarss the AV node, and
thus drugs that prolong the refractory period of the AV rexdegenerally effective for
rate controf® Calcium channel blockers and beta blockers are theficsce for rate
control, although digoxin and amiodarone are also tfs&€dThese drugs may be
administered intravenously or orally, and a combinadibdrugs may be needed to
effectively control the ventricular raté. Although rate control is generally achieved
through drugs, AV nodal ablation with a permanent pacemak®aiation may be
necessary in patients who do not achieve pharmacolatgcontrol or who develop
bradycardia in response to treatm&nt.

Rhythm control strategies include administration of arftyahmic drugs,
electrical cardioversion, the maze procedure, catladlation, atrial pacing, and
implantation of an internal atrial defibrillator.h@& most commonly used antiarrhythmic
agents are flecainide and propafenone, with efficacgidicversion of recent-onset AF
ranging between 75-91% for flecainide and 79-86% for propafetioRéarmacologic
agents are most effective in recent-onset AF, aner atihategies of rhythm control may
be necessary in patients with persistent AF. Eledtdardioversion is another rhythm

control strategy that may be used with or without adstriation of an antiarrhythmic
10



drug. Electrical cardioversion involves delivering anteleshock through the chest
wall to the heart, interrupting abnormal electricatuits to restore a normal heart b&at.
If cardioversion alone is unsuccessful, administratf an antiarrhythmic drug, such as
ibutilide, may be used in conjunction with another eleatrcardioversion to increase the
likelihood of restoration to sinus rhythth.Another procedure for rhythm control that is
very effective is the maze procedure. This procedurevegdsolating the pulmonary
veins and surgically creating scars in the left atraonthat no area is wide enough to
sustain multiple re-entry cirucuité3’ The maze procedure controls AF in >90% of
patients’’ but has not been widely adopted due to the need for candiopaty bypass

to perform the maze procedudre Catheter ablation is a much less invasive alternabive
the maze procedure. Catheter ablation involves isalatithe pulmonary veins through
radiofrequency with or without additional ablation ofgthmogenic foct®?’” Atrial
pacing is another possible rhythm control strategypatih the value of atrial pacing for
prevention of recurrent AF has yet to be protiertrial pacing prevents AF by
influencing the pattern of atrial depolarization and sugging premature atrial bedfs.
Finally, implantation of an internal defibrillatoratican detect and treat, as well as
prevent AF, is an option for patients with highly sympttoaecurrent, and drug-
resistant AF.

It appears that rate control may be associated vatiglatly reduced risk of death
and thromboembolic stroke compared to rhythm contrdréatment of AF. A recent
multi-center randomized trial found that in patientthwlF and CHF, no differences
were found in stroke, worsening heart failure, death frardiovascular disease, death

from any cause, or a composite of death from cardioNascauses, stroke, or worsening
11



heart failure between rate and rhythm control strateégi¢skewise, in 5 prior
randomized trials comparing rate control to rhythm controlsignificant differences
were found in adverse events between the 2 treatmategies,”** although
hospitalizations were more frequent when rhythm comtes used®*® However, in a
meta-analysis pooling these 5 randomized trials, rateat@ompared to rhythm control
was associated with a significantly lower risk (odd®réOR)=0.84; 95% CI, 0.73-0.98)
of a combined endpoint of all-cause mortality and stfk&.nonsignificant trend of
reduced risk of death and stroke when considered separa®liglso noted, but there
was no difference in the risk of major bleeds or sygteembolism between the 2
treatment strategiés. The following figure depicts the results from theialsr
comparing rate and rhythm control strategies for AFitneat, as well as pooled results

from the meta-analysis:
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Study Rate control Rhythm control) OR (random) Weight OR (random)

or sub-category n/N n/N 95% ClI % 95% CI
AFFIRM 388/2027 438/2033 i 89.86 0.86 [0.74, 1.00]
HOTCAFE’ 1/101 6/104 — 0.46 0.16 [0.02, 1.38]
PIAF 2/125 4/127 ¢ i+ 0.72 0.50[0.09, 2.78]
RACE 24/256 32/266 — 6.72 0.76 [0.43, 1.32]
STAF 9/100 9/100 ——— 2.24 1.00 [0.38, 2.63]
Total (95% Cl) 2609 2630 ¢ 100.00 0.85[0.73, 0.98]
Total events: 424 (Rate control), 489 (Rhythm control)

Test for heterogeneity: Chi®=2.97, df=4 (P=0.56), I°=0%

Test for overall effect: Z=2.24 (P=0.03)

0.1 02 05 1 2 5 10
Rate control better Rhythm control better

Figure 5.1: Single and pooled odds ratios comparing rate and rhythm cémtratirial fibrillation for combined endpoint of all-cse
mortality and thromboembolic stroke. From Testat AleEur Heart J. 2005;26:2000-6.
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Although rate control may be associated with a bettegmsis than rhythm control,
rhythm control may be more suitable for young patientk highly symptomatic
paroxysmal AF, whereas rate control may be moreldaifar older patients with
asymptomatic persistent or permanent?ARn addition, rate control should be a primary
approach for patients with both AF and heart faiflire.

In addition to rate or rhythm control, anticoagulatiberapy with warfarin or
aspirin is warranted in most patients with AF for k&r@revention. Warfarin is indicated
in patients considered at high risk for developing strekereas aspirin is often
recommended for those at low risk of strékeThe following table describes appropriate

anticoagulation therapy based on risk of developindstro

Risk Category Recommended Therapy
No risk factors Aspirin (81-325 mg daily)
One moderate-risk factor Aspirin (81-325 mg daily) or wanfari

(INR 2.0-3.0, target 2.5)
Any high-risk factor or >1

moderate-risk factor Warfarin (INR 2.0-3.0, target 2.5)*

Less Validated or Weaker Moderate-Risk Factors High-Risk Factors

Risk Factors

Female gender AQers years Prior stroke, TIA, embolism
Age 65 to 74 years Hypertension Mitral stenosis

Coronary artery disease Heart failure Prosthetict vedwe*
Thyrotoxicosis LV ejection fraction35%

* If mechanical valve, target INR >2.5.
INR indicates international normalized ratio; TlAansient ischemic attack.

Table 5.1: Stratification of stroke risk and recommended prophylaxEatients with
atrial fibrillation. Adapted fronfruster, V et alJ Am Coll Cardiol. 2006;48:854-906.
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6.0 DESCRIPTIVE EPIDEMIOLOGY OF ATRIAL
FIBRILLATION

6.1 INCIDENCE AND PREVALENCE

AF currently affects more than 2.2 million Americang and the lifetime risk for
development of AF in men and women over 40 years ofsabyén 47" By the year 2050,
it is expected that 10 million Americans will have AF.

The incidence and prevalence of AF in the U.S. has ineeeasing steadily over
the last couple decades. Using data from the Nationspitéd Discharge Survey
(NHDS) from 1985 to 1999, hospitalizations for AF as theqgyoml diagnosis increased
from 14.3 to 24.8 per 10,000 in men and 15.1 to 27.8 per 10,000 in wWdrfkeom 1996
to 2001, a 34% increase in hospital admissions for AF wsereed® Based on the
National Hospital Ambulatory Medical Care Survey, thte of emergency department
visits was lower, but also doubled from 0.6 to 1.2 per 1,000 pdRulation from 1993 to
2004°* Hospital admission rates were similar in men andche'®>* higher in blacks
compared to white¥®**and increased greatly with increasing age gfdup.

In addition to hospital admission data, the incidesfc&F has been estimated in a
few population-based cohort studies. In the Framingheartt&tudy, the incidence of
AF was higher in men than women and increased witH’ag&roughly doubling with
each decade of age beyond 50 yé&ars.Incidence rates increased from 6.2 and 3.8 per
1,000 person-exams in 55-64 year old men and women, respedivé/9 and 62.8 per
1,000 person-exams in men and women aged 85-94 over 38 yedmsvoifp.* An
incidence rate of 19.2 per 1,000 person-years was found andinglirals 65 years of

15



age and older enrolled in the Cardiovascular Healid\St Again, the incidence rates
were higher in men and older individuals; in men 65 tan@ 75 to 84 yeardd, the
incidence rates were 17.6 and 42.7, respectively, andnmen were 10.1 and 21.6 per
1,000 person-years.In Olmsted County, Minnesota, the incidence rated\fowere
much lower than in the Framingham Heart Study and thei@eascular Health Study,
ranging from 3.04 per 1,000 person-years in 1980 to 3.68 per 1,000-geessnn
200028 Incidence rates for AF in the Atherosclerosis Ris€kommunities study were
similar to those from Olmsted County; the crude incideates were 6.7, 4.0, 3.9, and
3.0 per 1,000 person-years in white men, white women, blaok ane black women,
respectively’>

The estimated prevalence of AF ranges from 0.1% in #0s&! years of age to
10% among individuals 80 years of age and old&rcross-sectional study of adults
aged 20 and older, members of a health maintenance orgamirelNorthern California,
supported these estimates, reporting prevalences that ragtgezehb 0.1% in those
younger than 55 to 9% in persons aged 80 years orbl8enilar to the pattern of
incidence rates, the prevalence of AF is also inangasirecent decades. For example,
the AF prevalence among Medicare patien&b(years of age) increased from 3.2% in
1992 to 6.0% in 2002 and in the Framingham Heart Study, the age-adjusted preeal
increased from 3.2% to 9.1% in men and from 2.8% to 4. A@men from the year 10
exam (1968-1970) to the year 20 exam (1987-1889).

The overall incidence and prevalence of AF in CanadBaspeans, and
Australians is comparable to that in the U.S.; likewtise,incidence and prevalence is

higher in older age groups, and has been increasing intrgears:®®’ However, the
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prevalence of AF is lower among Asians compared toHNamericans and
European$®’® In Koreans, the prevalence of AF was 0.7% in thdder ahan 40 and
2.1% in those older than 6%.In Chinese, the overall prevalence of AF was 1.5% and
among those older than 80 was 5.8%rinally, the prevalence of AF among acute
hospital admissions was 2.8% in Kuala Lumpur, Mala{si@ihese prevalences in
Asians are much lower than those reported in Amesic&or comparison, the overall
prevalence of AF pooling 3 large population-based studig®it).S. and 1 in Australia
was 2.3%; the prevalences of AF were 5.9% and 10% in chehls over 65 and over 80
years of age, respectivély.

Although numerous studies have reported the incidence amdlence of AF, the
majority of studies were in Caucasian populations. Aduatig, reports of the incidence
and prevalence of AF are likely underestimates becédube exclusion of asymptomatic
AF and the inability to recognize many cases of paroxy#&alln particular, studies
that rely on only a single ECG to diagnose AF likelgsninany cases of AF. Therefore,
a full understanding of the incidence and prevalenceFoisAacking, especially among

non-Caucasian racial groups.

6.2 RECURRENCE AND PROGRESSION

It has been estimated from general practice AF patiefisance, that one-third
of patients with paroxysmal AF had recurrences during 1of&@ilow-up?*’* Among
Danish paroxysmal AF patients with at least 2 documeAkedpisodes in 1 year, 7%

had weekly AF episodes, 40% had less than weekly epidodi@sore than 10 total
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episodes, and 53% had less than 10 episodes over # y@aer half of patients with
persistent and permanent atrial fibrillation who presémb a hospital in Athens, Greece
for internal cardioversion had AF recurrences withyear, with a median time to AF
relapse of 21 days. Therefore, it appears that the recurrence of Allig gommon in

all types of AF. However, many episodes of AF mayigdiagnosed, so the recurrence
of AF may be underestimated.

The progression from paroxysmal to permanent AF hasdmsenated at 8% over
1-yeaf®"*and 18% after 4 years of follow-Up.However, patients with first AF who
have comorbidities, such as diabetes and heart fadteegt higher risk for progression to
permanent AF than those with lone AFOnly 1 of 54 (1.8%) patients with lone AF,
compared to 15 of 52 (28.8%) patients without lone AF, progitassgermanent AF
within 5 years of emergency-department admission fardpisode of paroxysmal AR.
The progression from persistent to permanent AF appebesrtmuch higher than the
progression from paroxysmal to permanent AF. During 1 geflow-up, 40% of
persistent AF patients progressed to permanent AF istodg’® whereas the

progression was 58% in another stitly.

6.3 MORTALITY

Death rates due to AF have been increasing in recent dechudine U.S., age-
standardized death rates (per 100,000) for AF as eithentlexlying cause of death or

listed as one of the up to 20 conditions on the deatliicat® ranged between 27.6 in

18



1980 to 69.8 in 1998 Death rates increased with age, and were highest antuitey
men, followed by white women, black men, and black woffien.

Mortality risk is particularly high within the firsefv months after diagnosis of
AF. In a community-based Olmsted County, MN coho#,ribk of death was 9.6-times
greater within the first 4 months of newly diagnosed Ampared to an age- and gender-
matched Minnesota populatiéh.Among AF or atrial flutter patients in the Marshfield,
WI area compared to age- and sex-matched community comhaitality was 7.8-fold
higher after 6 months of follow-U{i3. In both studies, the risk of death in those with
compared to those without AF was much lower after lofg&w-up, with hazard ratios

ranging from 1.7 over 21 years of follow-up to 2.5 over #geéfollow-up’®®
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7.0 RISK FACTORS FOR ATRIAL FIBRILLATION

7.1 DEMOGRAPHIC RISK FACTORS

As previously discussed, age is a major risk factoAfar The odds ratio of
developing AF doubles with each decade of‘&gesulting in a rapid increase in
prevalence from 0.1% in those under 55 to 9-10% among thes& years of age®
The median age of patients with AF is 75, and approxim@@®y of individuals with AF
are between 65-85 years of dge.

The Atherosclerosis Risk in Communities study repoatedxponential increase
in AF incidence with age, with crude incidence ratesiranffom less than 1 per 1,000
person-years in those 45-49 years to almost 50 per 1,000 perassnin those aged 80
years and olde¥’ The following figure depicts the increasing AF incidencénage in
men and women from the Atherosclerosis Risk in Comtiasnstudy, along with AF
incidence rates from Olmsted County, MN, the Cardioviasdealth Study, and the

Framingham Heart Study:
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Figure 7.1: Incidence of atrial fibrillation in men and women frahe Atherosclerosis
Risk in Communities study, Olmsted County, MN, the Carascular Health Study, and
the Framingham Heart Study. From Alonso, A efal.Heart J. 2009;158:111-7.
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In addition, Figure 7.2 depicts an increasing prevalence afiFage in 3 studies

conducted in the U.S.:
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Figure 7.2: Prevalence of atrial fibrillation from the Framingh&teart Study, the
Cardiovascular Health Study, and Olmsted County, MNgudioat the midpoint of the age
range. Adapted from Feinberg, WM, etAich Int Med. 1995;155:469-73.

The effect of aging on AF may reflect longer exposareardiovascular co-
morbidities and other predisposing conditions for AF. Hemhore, aging is associated
with cardiac abnormalities, such as left atrial enlargiet and reduced left atrial
appendage flow velocity, which may predispose to the derelapof AF?3

Male gender has also been established as a risk factdFf In both the
Framingham Heart Study and the Atherosclerosis Risk mrfaanities study, men had a
1.5-fold greater risk of developing AF than worté®® The overall and age-specific
prevalence of AF is generally higher in men comparesicmen>>#"%2 However, this
gender difference was not found in older individuals ftbenCardiovascular Health

Study; the prevalence of AF in men and women was 5.99%2.88d, respectively, in the
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65-69 year age group and was 5.8% and 5.9% for those 70-79 yegeSbflderefore,
although male gender is a risk factor for AF, it shouldde®gnized as a disease with
equal importance in elderly women as in men.

Although data is limited on racial/ethnic differenceshia risk of developing AF,
the prevalence of AF is lower among Asians comparechites from North America
and Europ&®'° In addition, it appears that AF is twice as commoBaucasians
compared to African Americans. The hazard ratio foildent AF in African Americans
compared to Caucasians was 0.59 (95% confidence intervabD(G@8}-0.92) in the
Atherosclerosis Risk in Communities studyThe prevalence of AF among those aged
50 years or older in the ATRIA Study was 2.2% in whites aBéhlin blacks. Among
veteran males, the prevalence of AF was 5.7% in whitds3.4% in black®' U.S.
emergency department visit rates from 1993-2004 were alsoamom®on in whites,
with rates of 0.9 and 0.5 per 1,000 in whites and blacks, résggct The prevalence
of AF among stroke patients is also two-fold greatertiitas compared to blacR%®®
and among patients with heart failure, African Americaag a 49% lower odds of AF
compared to CaucasiaflsWhether this racial difference in AF prevalence desst or
is an artifact of study design is unknown. Since Afnidmericans generally have a
higher prevalence of cardiovascular risk factors thamc@sian&® additional studies are
warranted to determine if racial differences in susbépyito AF exist, and if so what
risk factors account for the difference in AF prevaéehetween African Americans and

Caucasians.
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7.2 STRUCTURAL CARDIAC ABNORMALITIES

Although cardiac structural abnormalities are oftengaem patients with AF,
the echocardiographic precursors for AF were not repoatddthe Framingham Heart

>8the increased risk associated with a 4mm incremeaheisum of

Study investigation
septal and left ventricular wall thickness was 28% infiteamingham Heart Study.
Additionally, left atrial enlargement (per 5mm incremeantyl left ventricular fractional
shortening (per 5% decrement) were associated with a 3@%4&a significantly
increased risk of incident AF, respectivélyFinally, mitral annular calcification may be

associated with increased risk of AF, but this associasi potentially mediated through

left atrial enlargement:

7.3 TRADITIONAL CARDIOVASCULAR RISK FACTORS

One of the most prevalent, independent, and modifisdddactors for AF is
hypertension. In the Framingham Heart Study, the oddse\aloping AF were nearly 2-
fold higher among men and women with hypertension cordgarthose who were
normotensive® With longer follow-up (38 years) and adjustment for aggather risk
factors for AF, the odds ratio for hypertension wasii fien and 1.4 in wome™.
Because of its high prevalence, the population-attributéieor AF resulting from
hypertension was 14%, the highest of all risk factors iige®d in that study
Hypertension is associated with structural cardiac abalities, such as left ventricular
hypertrophy, impaired ventricular filling, left atrial erd@ment, and slowing of atrial
conduction velocity, which favor the development of AFTherefore, hypertension may
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be an upstream factor causing structural changes in thewtgeh, in turn, may result in
the development of AF. Additionally, evidence that iasedl pulse pressure is a risk
factor for AF suggests that increases in cardiac loddartic stiffness may contribute to
AF risk >

Diabetes is another major risk factor for AF, withltivariate-adjusted odds
ratios ranging from 1.4 and 1.6 in men and women in theifigham Heart Studyto
2.1 among veterans based on Veterans Health Admirostidospitals discharge
diagnoses? Additionally, patients with new-onset diabetes medlihad a hazard ratio of
1.49 for incident AF compared to patients without diaheted diabetics also had more
persistent AF (hazard ratio (HR)=1.87) than non-diabé&li It is unclear why diabetes is
an independent risk factor for AF, although it has beenidpted that diabetes may
cause metabolic stress on the atrium or that dialbetdd cause irritability of the atrium
through its association with systemic illnesses, ssdhfaction or renal failur&’

Obesity, and more recently the metabolic syndrome hageme recognized as
AF risk factors. For example, per unit increment inybotwss index (BMI), the odds of
AF, intermittent AF, and sustained AF were 3%, 7%, anch#ffter, respectively,
compared to the odds of AF among those with a 1-unit IBMIr® A meta-analysis
pooling 5 population-based cohort studies reported a 49% indraakef developing
AF among obese participants compared to nonobese indiviffuln fact, a significant
increased risk of AF among obese individuals was fourdl if these cohort studiés.
191 However, this association of obesity with AF wasoinsistent and did not hold when
pooling 11 post-cardiac surgery studiesTwo Japanese studies have also reported the

impact of the metabolic syndrome on risk of AF. Inhbstiudies, an increased risk of
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developing AF was found among individuals with the metatsyimirome’®1%® Obesity
appeared to be an important component associated witlegieeitence of AR
although elevated blood pressure, low high-density lipoproteitesterol (HDL-c), and
impaired glucose tolerance were also indicated in 1 fisdiycreasing the risk of
developing AF®? The mechanisms relating the metabolic syndrome teased risk of
developing AF are not fully understood. It has been regddttat both the metabolic

104,105
€

syndrome and obesity affect atrial anatomy by increzsingl size, and obesity has

also been associated with left ventricular hypertrdpfhi{f® Additionally, inflammation,

oxidative stress, and increased circulating free-fatiysst’ 1%

along with obstructive
sleep apne¥’ may also contribute to the development of AF in ehiedividuals.

Limited evidence also points to inflammation and atheeossls as predisposing
factors to developing AF, however the data are comfiict In cross-sectional analyses
within the Cardiovascular Health Study, the odds of haviRgabaseline were 80%
higher for individuals in the fourth quartile of C-reaetprotein (CRP) compared to
those in the first quartile of CR®? Those in the fourth compared to the first quartile of
CRP at baseline were also at a 1.31-times higher risk (95%08-1.58) of developing
AF during an average 6.9 years of follow-dp.A review of the literature concluded that
inflammation may play a role in the initiation, menance, and perpetuation of AF,
although it was unclear whether inflammation is a camsmerely a consequence of
AF.*®° The Rotterdam Study reported an increased risk of incilE with the highest
vs. the lowest quartile of carotid intima-media thickn@#8=1.90) and severe vs. the

absence of carotid plaques (HR=1.49) over a median falljpwt 7.5 years and after

adjustment for other AF risk factots. However, these results conflict with previous
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findings from the Cardiovascular Health Study that bao association of subclinical
measures of atherosclerosis with incident’AE Therefore, the potential role of
inflammation and atherosclerosis with AF have n@&rbestablished; further studies are

needed to determine whether or not these factors imctkasisk of developing AF.

7.4 CARDIOVASCULAR CO-MORSBIDITIES

Individuals who develop AF are also more likely to have Wlvular heart
disease, CHF, or to have undergone recent cardiac surgerthttse of similar age who
do not have AF. The multivariate-adjusted hazard of deirgjopF was more than 3-
fold higher among individuals with a history of Ml (HR=3.6€HF (HR=3.37), or
valvular heart disease (HR=3.15) than those without arkisif these cardiovascular co-
morbidities in the Manitoba Follow-Up Stud¥.In both the Framingham Heart Study
and the Cardiovascular Health Study, CHF and valvidartidisease were also
associated with an increased risk of incident'‘A¥ although Ml was only a risk factor
for men in the Framingham Heart StddyCHF appears to confer the highest risk of AF
compared to the other aforementioned cardiac diseagbsydds ratios for AF of 4.5
and 5.9 for men and women, respectively, after adjustfoest= risk factors:*
Additionally, AF is a common complication of cardascular surgery, affecting
approximately 32-33% of patients following coronary arteryasgograft (CABG)
surgery****2 The incidence of AF is also greater in surgicalrisbee care unit patients
than the general populatioff although cardiovascular surgery patients have much

higher incidences of AF following surgery.
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7.5 ADDITIONAL CO-MORSBIDITIES

Some additional conditions that increase the risk eéldping AF include
reduced lung function, sleep apnea, and thyroid diseask.oRncident AF was 1.8-
fold higher for individuals with low lung function (foed expiratory volume in 1 second
(FEV,) between 60-80% of predicted) compared to normal lung fum¢BEEV,>80%
predicted)™* Data from the Cardiovascular Health Study supporetfiedings®
however, results from the Framingham Heart Studyreditt the association between
lung function and AR! Patients with pulmonary disease may be more suscepmiAF
because of changes in blood gases, abnormalities in patynumctions, and
hemodynamic changes due to pulmonary hypertension. Inadthtpulmonary
hypertension, hypoxia, inflammation, and acidemia, and ededaight heart strain and
dilation may promote the development of AE.

Obstructive sleep apnea (OSA) also appears to predispdée tdlmost half of
patients undergoing treatment for AF had OSA comparedhiodaof patients without
AF referred to a general cardiology practit®.in a retrospective cohort study, OSA was
found to be an independent risk factor only among individeakthan 65 years of age,
and this association was independent of the effedvesdity on AF’ It is unknown
why OSA would be a risk factor for AF only among individus years of age but not
those 65 years of age or older. In addition, the meamany which OSA increases the
risk of AF are not fully understood, but may include dikstdysfunction and/or
increased left atrial size as a consequence of OSAthdisposes an individual to

developing AR’

28



Hyperthyroidism has long been implicated as a risk fadotoAF. Among
participants 60 years or older in the Framingham Heary&t 15" biennial exam, a low
serum thyrotropin concentrationq(d muU per liter, which is indicative of
hyperthyroidism) was associated with a 3-fold higher risk@dent AF over 10 years of
follow-up compared to those with normal thyrotropin conication (>0.4 to 5.0 mU per
liter).**” This association was independent of other known riskfadéor AF, and the
age-adjusted incidence rates of AF were 28 and 10 per 1,0@hpears for those with
low and normal thyrotropin concentrations, respectiv€lyThe Cardiovascular Health
Study also found an increased risk of AF with hyperthysoigiwith an adjusted hazard
ratio for AF of 1.98 comparing individuals with subclini¢tgiperthyroidism to those with
normal thyroid functiort!® Recently, an increased risk of AF was also reportathgm
individuals with high-normal thyroid function in the Rotlam Study. Within the
normal range of thyroid-stimulating hormone (TSH), 0.d+#U/L, individuals in the
lowest quartile of TSH had almost twice the risk of deymg AF compared to those in
the highest quartile (HR=1.94; 95% ClI, 1.13-3.88)Furthermore, individuals with
subclinical hyperthyroidism had a higher prevalence of Atiey aidjustment for sex,
compared to those with normal thyroid function (9.5%4v&%, respectively)?® The
adjusted odds ratio for AF comparing those with sulsdinnyperthyroidism to those
with normal thyroid function was 2.27° similar to results from the Cardiovascular

Health Study.
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7.6 GENETIC PREDISPOSITION

AF also appears to have a genetic component. In tineirkgham Heart Study,
offspring with at least 1 parent with AF had a 1.85-folchbigodds of AF compared to
those without parental AE! Figure 7.3epicts the increased future risk of AF in

offspring of a parent with AF.
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Figure 7.3: Risk of atrial fibrillation by parental atrial fiblation status in the
Framingham Offspring Cohort. From Fox, CS, etlAMA. 2004;291:2851-5.

AF also showed strong evidence of heritability in an ladiastudy. In this study, first-
degree relatives of patients diagnosed with AF werdyneaice as likely to develop AF
as the general populatidff. In patients diagnosed with AF before age 60, first-degre
relatives were nearly 5 times more likely to have'AFSome familial studies have even

suggested that AF, particularly lone AF, has a Mendeliaenpaof inheritancé?*2*
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Several possible genes and loci involved in AF have lolentified. These
include mutations in genes involved in potassium channelswaneint, sodium channels,
and the rennin-angiotensin system. Genes involved ipdtassium channel and
potassium current associated with AF include KCNAICNQ12° KCNJ22 '
KCNE2*® KCNH2,*?° mink,**° and the G-proteifi3 subunit gené®* A Kv1.5 loss-of-
function mutation in the KCNA5 gene encodes a voltagedgadéassium channel in the
atria, and may be a risk factor for repolarization deficy and AF?> Polymorphisms in
the KCNQ1 gene are implicated in the initiation of AFalthough some suggest these
mutations require an environmental factor to manifest?2dnd are relatively
uncommon in AR*® The Kir2.1 gain-of-function mutation in the KCNJ2 gémereases
the activity of the inward potassium channel, possiblyaitiitg and/or maintaining
AF.**" The KCNE2 gain-of-function mutation, through potassahannel alterations
that are favorable to multiple wavelet re-entryals possibly involved in the initiation
and/or maintenance of AE®> A polymorphism in the KCHN2 gene may also favor re-
entrant AF*?° Finally, both the minK gene and the G-protg@subunit gene play a role
in cardiac electrophysiology; however, the minK gers predispose to AE® whereas
a polymorphism in the G-protefi8 subunit gene appears to reduce the risk for
development of AR3!

Polymorphisms in genes involved in the sodium channel ancetinin-
angiotensin system may also play a role in AF. igsense mutation in the sodium
channel gene SCN5A was found to co-segregate with AF andfhiae >
Inconsistent results have been reported for an insétatetion polymorphism in the

ACE gene. The deletion allele was associated with loote AF and secondary AF in
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one study****"but was only found to be associated with AF in combimatiith the
angiotensinogen A-20C polymorphism of the angiotensinogenigem®ther study’’
The angiotensinogen A-20C polymorphism alone also predidreesased risk of AE
Additional polymorphisms of the angiotensinogen gene, M28®A, and G-217A, are
implicated in nonfamilial AR>®

Finally, a recent genome-wide association study (GWa&)d a strong
association between two sequence variants on chromogg2beand AR These
variants do not correspond to a known gene, but are adjactm PITX2 gene, which
has a critical function in the left-right asymmetrfithe heart*° These associations of
variants on chromosome 4925 and AF were replicated ieta-amalysis of 4
independent cohort¥ and in an additional meta-analysis of GWAS dataThe latter
meta-analysis of GWAS data also identified a novel Idou&\F on chromosome 16,
ZFHX3.'*' Despite these recent discoveries, the genetic§afré incompletely
understood and additional genome-wide association studiesaded to identify other

genetic determinants of AF.

7.7 DIET AND BEHAVIORAL RISK FACTORS

A few dietary components affect the development of tAE,most studied of
which is alcohol consumption. High alcohol consumpappears to increase the risk of
AF, although low to moderate consumption does not. Fangbe increasing
consumption of alcohol was associated with an incceask of AF in men, but not in
women, in the Danish Diet, Cancer, and Health StéfiyNo association was found in

women who consumed much less alcohol than the mes,; tinere appeared to be no
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association of moderate alcohol consumption with*&FThe Copenhagen City Heart
Study also found no association of alcohol with AFhi& imoderate range of alcohol
intake, but the consumption of 35 or more drinks per weekhgmmen increased the risk
of incident AF by approximately 5098° The Framingham Heart Study confirms little
association with moderate alcohol consumption, but f@amohcreased risk of AF among
men consuming more than 3 drinks per 4yThe Cardiovascular Health Study did not
support these findings, but surprisingly, found an inversecadgm between alcohol
intake and AF. In subsequent analyses, they found that current modscateol
consumption did not increase the risk of AF.The majority of participants in the
Cardiovascular Health Study consumed low to moderateiatrs of alcohol, and thus the
association of heavy alcohol consumption and AF couldbeatetermined®® The

totality of evidence with respect to alcohol intake areldevelopment of AF suggests a
threshold effect, where heavy alcohol consumption t&ast 3 drinks per day is a risk
factor for AF, whereas low to moderate alcohol corsion does not increase the risk of
AF.

A protective effect of long-chain n-3 fatty acids witévelopment of AF has been
reported. Consumption of tuna or other broiled or baked biishnot fried fish or fish
sandwiches, was associated with a lower incidence~ad\er 12 years of follow-up in
an elderly cohort?® After multivariate analyses, individuals who consdrtie4 and 5
servings of tuna, baked and broiled fish per week had 28% ando3drisk of AF,
respectively, than those with <1 serving per wE&KThese results have not been
supported by other studié¥:**®however, limited power and possible adverse effects of

fried fish may have confounded these associationsrefdre, further investigation is
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warranted on the association between n-3 fatty aamsjn particular baked and broiled
fish consumption, and the risk of incident AF.

Although smoking is a major risk factor for cardiovaaculisease, few studies
have reported on its association with AF. Nicotineigarette smoke has been linked to
the development of atrial fibrosis, which in turn magdgispose an individual to
developing AF*° In rats, nicotine was associated with increasedlatrinerability to
inducible AF; however, this association was only foungoiang rats and did not hold in
older rats™® Despite these proposed mechanisms, data on thiemskip between
smoking and AF are conflicting. A study among men holspai for AF found no
association between smoking and AF, even among thibsesmoked more than 15
cigarettes a day* In the Framingham Heart Study, cigarette smokingasasciated
with a 40% increased odds of developing AF among women,cbassociation between
smoking and AF was found in méh.Finally, current and former smokers in the
Rotterdam Study had 51% and 49% increased risk, respectivelgyelbping AF after a
median of 7.2 years of follow-up3?

Vigorous physical activity appears to increase the rigkrgfin particular, lone
AF. Vigorously exercising middle-aged men had a 5.5-fold greatds of lone AF
compared to the general Finnish populaf®nOther studies of long-term sports practice
in men have found somewhat weaker associations withlABne study, the proportion
of sportsmen among lone AF patients was 63% compared t@dfsfg the general
population of more sedentary individu&t8. Both current sport practice and current sport
practice with a lifetime practice >1500 hours were assettith an approximately 3-

fold higher prevalence of lone AF in men compared tdrotsmfrom the general
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population*>® The Physician’s Health Study reported an almost 2-folarsed risk of
developing AF among men who vigorously exercised 5-7 days gek sompared to
non-exercisers, but only in those younger than 50 yeagaif® In contrast, work
related physical activity was not associated with riskasfpital discharge diagnosis of
AF or AFL in the Danish Diet, Cancer, and Health SttddyFurthermore, light to
moderate physical activity appears to significantly lotherrisk of AF incidence in older
adults'® The mechanisms predisposing individuals who vigorously ieeto
developing AF are unknown. However, possible mechanischgde the slight dilation
of heart cavities and increases in vagal tone as # of®xercise that predispose to
development of AF in the absence of other cardiovasdidaase or risk factors for

AF.1%°
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8.0 EFFECT OF ATRIAL FIBRILLATION ON OTHER CLINICAL
OUTCOMES

8.1 STROKE

One of the most common and devastating consequenéésisfthe development
of stroke. The main mechanism of stroke developmepatients with AF is embolism
of a thrombus due to blood stasis in the left atrial agipge?> However, up to 25% of
stroke in patients with AF may be a result of othedie&rsources of embolism,
atheromatous pathology in the proximal aorta, or inrinsrebrovascular diseasé&!®°

It is estimated that 1 in 6 strokes occur in patients Wi, and approximately
10% of ischemic strokes are due to embolism of leftlatriambi’®* In Olmsted
County, MN residents diagnosed with first AF between 19802600, 11% sustained a
first ischemic stroke over a mean follow-up of 5.5 ye&rsAfter 20 years of follow-up
in the Renfrew/Paisley Study, AF was an independent poedi€ fatal or nonfatal
strokes in both men (HR=2.5) and women (HR=3°2)in the Framingham Heart Study,
participants with AF were 5 times as likely to develaplst as those free of AF over 34
years of follow-up. Among individuals with CHD or CHF, AF increased thé o$
stroke 2-fold in men and 3-fold in women. Almost 31%taflees were accompanied by
AF, and the attributable risk of stroke increased sigmifigavith age, from 1.5% for

those aged 50-59 to 23.5% for individuals 80-89 years of agepas sfelow?
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Age Group, years

50-59 60-69 70-79 80-89
Attributable risk (%) 1.5 2.8 9.9 23.5
Events occurring with AF (%) 6.5 8.5 18.8 30.7

Table 8.1: Attributable risk of stroke for atrial fibrillation bgge. Adapted from Wolf,
PA, et al.Stroke. 1991;22:983-8.

8.2 HEART FAILURE

AF may also precipitate the onset of CHF, althoudheeitondition may
predispose to the oth&¥'%> AF and CHF have many risk factors in common, such as
older age, hypertension, valvular heart disease, myocantfiattion, and diabeté$>
Furthermore, left atrial enlargement, increased laftneular wall thickness, and
reduced left ventricular fractional shortening are atsmmon in both AF and CH#?
Alterations in neurohormonal activation, electrophlggiac parameters, and mechanical
factors may contribute to the development and maintsnaf both CHF and AF, as

shown in the figure below:
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Figure 8.1: A number of mechanisms contribute to the initiation antchteaance of
atrial fibrillation and congestive heart failure. Adapteom Maisel, WH & Stevenson,
LW. AmJ Cardiol. 2003;91(suppl):2D-8D.

The nature of the relationship between CHF and AFRobeaseen in data from the
Framingham Heart StudyOf participants who developed both AF and CHF during
follow-up, 38% had AF first, 41% had CHF first, and 21% hadh lolisgnosed the same
day®® In the Framingham Heart Study, the incidence of GHfRdse with AF was 33
per 1,000 person-yeal® whereas the incidence was somewhat higher in Olmsted
County, MN patients with first AF at 44 per 1,000 persoarge’ Additionally, the
cumulative incidence of CHF in Olmsted County AF patiemas 7.8% within the first

year, and after 5 years of follow-up, 20% of AF patieais teveloped CHEY” Finally,
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the risk of CHF among AF patients in the Renfrew/PgiSlkidy was 3.4 times higher

than patients without AE>

8.3 DEATH

As previously described in section 6.3, AF is associateu antincreased risk of
death. AF may be an independent risk factor for delatihe Olmsted County, MN
community-based study, the hazard ratio for death irethath AF compared to those
without AF was 1.88 in men and 1.84 in women; the morthabizard ratios were nearly
double that in participants who also had strfkeAF was independently associated with
a 50% increased odds of death in men and a 90% increasedf dédshoin women in
the Framingham Heart Studlyln secondary analyses in those free of valvular heart
disease, a doubling of mortality with AF was seen ifhiseixe$. AF was also an
independent predictor of all-cause mortality in the RerffPamsley Study, with hazard
ratios of 1.5 and 2.2 in men and women, respectiflyA similar independent
association between AF and mortality was also redontéhe Marshfield Epidemiologic
Study Ared® The following figure depicts the risk of death from AReaimultivariate

adjustment, in 3 population-based studies:
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Figure 8.2: Adjusted relative risk of death from atrial fibrillati with 95% confidence
limits from the Framingham Heart Study, the RenfrevglegiStudy, and the Marshfield
Epidemiologic Study Area. From Greenlee, RT & VidaijlH. Curr Opin Cardiol.
2005;20:7-14.

In addition, AF is a risk factor for death among pdtemith a recent CABG
surgery, MI, or stroke. Postoperative AF after CABQysty was associated with 1.7-
fold greater odds of in-hospital mortality and 1.5-fold ¢geadds of long-term mortality
compared to patients who had CABG surgery without developafepostoperative
AF.*®® |n addition, AF complicating acute Ml is associatathwapproximately double
the risk of mortality compared to MI patients without.&® Patients with AF who
develop stroke are also at an increased risk of deata.Jdpanese study of almost
16,000 acute ischemic stroke patients, the 28-day mortalg&ylw&% among those with

AF compared to 3.4% among patients who did not have pridf ARnother study

found that AF was an independent predictor of in-hospitatatty in women but not in

40



men’’* Finally, among patients with CHF, incident AF magrease the risk of deatff;
however, past or chronic AF does not appear to incréasesk of mortality among

individuals with CHF"%173
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9.0 THE ATHEROSCLEROSIS RISK IN COMMUNITIES STUDY

9.1 STUDY OBJECTIVES

The Atherosclerosis Risk in Communities (ARIC) studg isulti-center
population-based prospective cohort study designed to investigaetiology and
natural history of atherosclerosis, the etiologylofical atherosclerotic diseases, and
variation in cardiovascular risk factors, medicalkgand disease by race, gender,

location, and date.

9.2 RECRUITMENT

The ARIC study recruited for its prospective cohort plolity samples of adults
aged 45-64 years from four U.S. communities: Forsyth Cotusth Carolina; Jackson,
Mississippi; Minneapolis suburbs, Minnesota; and Washingtam@pMaryland:"*
Blacks and whites were recruited from Forsyth County, blagks from Jackson,
Mississippi, and predominantly whites from the other tamiunities. Recruitment
varied by community and the sampling frames for selectiore based on selection of
housing units, possession of a valid driver’s licenséabe gdentification card, and
eligibility for jury duty. Approximately 4,000 individuals werecruited from each

community for a total of 15,792 participants (8710 women) esadtiom 1987 to 1989.
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9.3 DATA COLLECTION

Enrollment and the baseline exam occurred between 198IR&88¢ in which
participants completed a home interview and clinic viBibllow-up exams occurred
every three years for a total of 4 visits. The respaates for visits 2 (1990-1992), 3
(1993-1995), and 4 (1996-1998) were 93%, 86%, and 81%, respectively. Bacimg
visit, participants received an extensive examinatiariuchng anthropometry,
electrocardiography, ultrasound, respiratory function assest, sitting blood pressure,
and blood collection used for genotyping and determinatidipid$, clinical chemistry,
and hemostasis variables. Additionally, interviewer-adstered questionnaires on
medical history, social and demographic characteristins behaviors, including
smoking and alcohol intake, physical activity, and dietensgministered. During the
baseline visit only, a 2-minute rhythm strip was also cagcin each participant.
Annual contacts by telephone are also conducted to nrastatact with participants
and to assess changes in health status, including casdidamevents, hospitalizations,
and deaths. Hospitalizations are additionally identifigdurveillance of local hospital
discharge lists and deaths are identified by surveillahtecal death certificates and
obituaries, or a National Death Index search. TheCA®udy was approved by the
institutional review boards at all study sites and wmittdormed consent was obtained

from all ARIC participants.

43



9.4 DETECTION OF ATRIAL FIBRILLATION

ECGs during the baseline visit were used to identify indivgdwath prevalent
AF or atrial flutter. Incident AF diagnoses throughcBmber 31, 2005 were identified
through ECGs performed during follow-up visits, hospitalltisge coded iternational
Classification of Diseases, Ninth Revision (ICD-9) codes 427.31 or 427.32), and death
certificates (ICD-9 code 427.3 tmternational Classification of Diseases, Tenth Revision
(ICD-10) code 148).

All ECGs were recorded using MAC PC Personal Cardmwg@Marquette
Electronics, Inc., Milwaukee, WI). A standard supine 12-lesting ECG was recorded
at least one hour after smoking tobacco or ingesti@affeine. ECGs were then
transmitted by telephone to the ARIC ECG Reading Cdoteroding and interpretation.
Baseline ECG recordings were used to identify AF predictangh included P wave
terminal force, P wave duration, P wave area and P-RialuwraECG recordings during
the follow-up visits were used to measure incident AF. E€sBrdings during follow-up
that were automatically coded as AF were visually reskd@ by a trained cardiologist to
confirm the diagnosis.

In addition to ECGs, hospital discharge records anthamsatificates were used
to identify incident AF events. Annual follow-up telephaadis were placed to cohort
participants in order to identify hospitalizations andtkdea Hospital discharge records
were gathered from all hospitalizations, and AF wastiled by an ICD-9 code of
427.31 or 427.32 on the discharge record. AF was alsofiddntihen any cause of

death on a death certificate was coded as AF (ICD-942d& or ICD-10 code 148).
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AF occurring simultaneously with heart revascular@asurgery (ICD-9 code 36.X) or
other cardiac surgery involving heart valves or septa (I@De 35.X) was not
considered an incident event and follow-up was continuednoeyat episode for
incident AF not associated with cardiac surgery.

In ARIC participants without AF or atrial flutter ingHirst exam, the incidence
date of AF was considered the earliest of the follgvwdates: ECG-based AF identified at
a follow-up exam, a first hospital discharge diagno$i8F, or AF in the death

certificate.
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10.0 MANUSCRIPT 1 - METABOLIC SYNDROME AND
INCIDENCE OF ATRIAL FIBRILLATION

10.1 OVERVIEW

Objective: To determine the association of the metabolic syndrdvwetSyn) with
incident atrial fibrillation (AF) in a population-basedhoot of blacks and whites.
Background: The MetSyn has been implicated in the developmentohawever,
knowledge of this association among blacks is limitedethods: We determined
prospectively the risk of incident AF through December 200®8lation to baseline
(1987-1989) MetSyn status in 15,094 participants of the Atheros@eRisk in
Communities (ARIC) studyResults: Over a mean follow-up of 15.4 years, 1238
incident AF events were identified. The multivariablguated hazard ratio (HR) for AF
among individuals with, compared to those without, theSyietwas 1.67 (95% ClI, 1.49-
1.87). The HRs were 1.76 (95% ClI, 1.35-2.29) and 1.64 (95% CI, B4%dmong
blacks and whites, respectively (p for interaction=0.73)e multivariable-adjusted HRs
(95% CI) for AF for each MetSyn component were 1.95 (1.22)2elevated blood
pressure), 1.40 (1.23-1.59) (elevated waist circumferehc),(1.06-1.37) (low HDL
cholesterol), 1.16 (1.03-1.31) (impaired fasting glucose),0685 (0.84-1.09) (elevated
triglycerides). A monotonically increasing risk of AF with increasing numbeMetSyn
components was observed, with a HR of 4.40 (95% ClI, 3.25-aBthose with all 5
MetSyn components compared to those with 0 compon&usclusion: In this large
cohort, the MetSyn and most of its components wesected with a higher risk of AF
in both blacks and whites. Given the high prevalendbeoMetSyn, strategies to prevent
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its development or to control individual components maysitterably reduce the burden

of AF.

10.2 INTRODUCTION

The metabolic syndrome (MetSyn) is defined as a cingtef three or more of
the following five atherosclerotic risk factors: abdonhiblaesity, elevated triglycerides
(TG), low high-density lipoprotein cholesterol (HDL-clewated blood pressure, and
impaired glucose toleranc& Although the significance of the MetSyn as a weluksd
clinical entity is uncertain, previous research hadicated this disorder and some of its
individual components in the development of atrial fiatibn (AF). Two studies
conducted in Japanese populations found an increased riskarhékg individuals with
the MetSyn:’#1%® Of the MetSyn components, both of these studies fobaslity to be
strongly associated with incidence of AB*®although elevated blood pressure, low
HDL-c, and impaired glucose tolerance were also relatéd in one study’? The
mechanisms relating the MetSyn to increased risk of devgJdAF are not fully

understood. The MetSyn affects atrial anatomy by inargastial size**1%

possibly
increasing AF risk as a consequence. AlternativeyMbtSyn may predispose to the
development of coronary heart disease (CHD) or hadutré (HF), in turn increasing the
risk of AF.

Knowledge on the association of the MetSyn with Ak among African-

Americans is limited. Some studies have suggested thetfadrillation is less common

in blacks than white3°® However, it is well known that blacks have a higher
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prevalence of the MetSyn and most of its componeats do white§® Therefore, our
study aimed to determine the association of the Met8gnta individual components
with the risk of incident AF in a population-based colodttlacks and whites. We
hypothesized that the incidence of AF would be higher amwoggtwith the MetSyn at
baseline compared to those without the MetSyn, andhbaisk of AF would increase
with increasing number of MetSyn components, but tregelassociations may differ in

blacks and whites.

10.3 METHODS

Study Population

The Atherosclerosis Risk in Communities (ARIC) stuglg prospective cohort
investigation aimed to identify risk factors for athetesxsis and cardiovascular disease.
ARIC recruited probability samples of adults aged 45-64 ykeans four U.S.
communities: Forsyth County, North Carolina; JacksolsMsippi; Minneapolis
suburbs, Minnesota; and Washington County, Maryldhdlacks and whites were
recruited from Forsyth County, only blacks from Jack$dississippi, and
predominantly whites from the other two communities. Altot 15,792 participants
(8710 women) were enrolled from 1987 to 1989, and completed @ inbenview and
clinic visit. Three follow-up clinic visits were conded, each spaced three years apart
(1990-92, 1993-95, 1996-98). In addition, participants are beingviedlaup by annual

telephone interviews and active surveillance of the@\Bbmmunity hospitals. The
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ARIC study was approved by institutional review boards el @articipating center, and

written informed consent was obtained from participab&svery clinic visit.

Atrial Fibrillation Ascertainment

Electrocardiograms (ECGs) during the baseline visit weeel to identify
individuals with prevalent AF or atrial flutter. IncidefSF diagnoses through December
31, 2005 were identified from 3 sources: ECGs performed dumiay $ollow-up visits
through 1998, hospital discharge records through 2005, and de#tbates through
2005.

All ARIC examination ECGs were recorded using MAC PGsBeal
Cardiographs (Marquette Electronics, Inc., Milwaukee,.\M)standard supine 12-lead
resting ECG was recorded at least one hour after smtdiagco or ingestion of
caffeine at each clinic visit. ECGs were then tratisgh by modem to the ARIC ECG
Reading Center for computer coding. ECG recordings duritgnfalp that were
computer coded as AF were visually re-checked by a cardibkogconfirm the
diagnosis-"®

Annual follow-up telephone calls were placed to cohotigggants in order to
identify hospitalizations and deaths. In addition, ldwepitals were surveyed for
potential cardiovascular events. Hospital dischargerds were gathered from all
hospitalizations, and AF was identified by an ICD-9 disgeaode of 427.31 or 427.32
among any of the discharge diagnoses. AF was alsafidénthen any listed cause of
death on a death certificate was coded as AF (ICD-942d& or ICD-10 code 148).

AF occurring simultaneously with heart revascular@asurgery (ICD-9 code 36.X) or
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other cardiac surgery involving heart valves or septa (I@De2 35.X) was not
considered an incident event and follow-up was continuednoeyat episode for
incident AF not associated with cardiac surgery. Rumalysis within the ARIC cohort
to determine the validity of hospital discharge diagadse AF reported 84% sensitivity

and 98% specificity in the ascertainment of AF evéhts.

Metabolic Syndrome Definition

Study participants were asked to fast for 12 hours beferelitic visit, during
which a blood sample was obtained and a physical exarpaeviismed. Blood
collection and processing techniques for the ARIC study hage previously
described.”” Enzymatic methods were used to measuré ¥GIDL cholesterol was
measured enzymatically after dextran sulfate*Muecipitation of other lipoproteirtg?
Serunglucose was determined by the hexokinase method. Waishderence was
measured at the level of the umbilicus. Blood pressuees measured 3 times in the
sitting position after 5 minutes of rest using a randeno-zphygmomanometer, and the
last 2 blood pressure measurements were averaged.

The MetSyn was defined using the American Heart Assoaiatind National
Heart, Lung, and Blood Institute (AHA/NHLBI) criteria having 3 or more of the
following conditions: 1) a waist circumference_@8>cm in women or 202 cm in men,
2) fasting TG_250 mg/dL (or on lipid medication), 3) HDL-c <50 mg/dL in wemor
<40 mg/dL in men (or on lipid medication), 4) blood presstir@0/>85 mmHg and/or a
history of treated hypertension, and 5) fasting glucd€¥>ng/dL or a history of

diabetes (or on diabetes medicatitii) A sensitivity analysis was conducted excluding
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diabetics. Since results did not differ from modatduding diabetics, those with
diabetes were included in the elevated fasting glucdsgag in all models. However,
non-fasters above the cut-point for TG or fasting ghecand not taking lipid or diabetes

medication were set to missing for TG and/or fastingage.

Additional Baseline Measurements

Race was self-reported by participants as one of tlewiolg: black, white,
Asian, or American or Alaskan Indian. Total yeargddication, as well as smoking and
drinking status and amount were determined by self-rep@spdhses to number of
cigarettes smoked per day and duration of smoking were usedttdate pack-years of
smoking. The weekly number of glasses of wine, &itténs of beer, and shots of liquor
were used to determine average alcohol intake in gramsqasd W he sports index for
physical activity during leisure time ranged from 1 (loapbt(high), and was based on
the questionnaire developed by Baecke &t'aBody mass index (BMI) was calculated
as weight (in kilograms) divided by height (in meterg)ared. Participants were asked
to bring all medications with them during clinic visit8. prescription or self-report was
used to determine cholesterol and blood pressure medicagonA participant was
categorized as diabetic if they had a fasting glucd6>ng/dL (or non-fasting glucose
of >200 mg/dL if a fasting sample was not available) or repbat physician diagnosis of
diabetes or were currently taking medication for dieke Prevalent CHD at baseline
included individuals with a history of myocardial infarctivl), MI adjudicated from

the baseline ECG, or history of coronary bypass or gfagty of the coronary arteries.
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Prevalent HF was identified using the Gothenburg critéria self-report of HF

medication use in the past 2 weeks.

Statistical Analysis

All analyses were conducted using SAS version 8.2 (SA8utes Cary, NC).
Of the 15,792 ARIC participants, we excluded those who wetref black or white race
(N=48), blacks from Minneapolis and Washington County (N=58gdlwith prevalent
AF or atrial flutter identified by the baseline ECG (N=3hpse with unknown AF status
at baseline (N=224), those with unreadable ECG at bag@&l#f5), and those with
unknown MetSyn status at baseline (N=249).

Person-years of follow-up were computed from the basekaen date until a first
AF diagnosis, death, lost to follow-up, or December 31, 280%hever came first.
Race-specific baseline participant characteristics biv#tSyn status were compared
using chi-squares for categorical measures and t-testsritinuous variables. Overall
and race-specific age- and sex-adjusted incidence rata& foy the MetSyn status at
baseline were calculated using Poisson regression.ivistidtte-adjusted hazard ratios
for AF were estimated in the full cohort and sepayateblacks and whites using Cox
proportional hazards regression after adjusting forah@wing baseline characteristics:
age, sex, race (full cohort analysis), center (Rar€punty, NC; Jackson, MS;
Minneapolis suburbs, MN; Washington County, MD), educatiess(than high school,
high school graduate to vocational school, any colleg&ksg status (current, former,
never), and smoking amount (pack-years). Further adjusfore@cohol and sports

index was not conducted because they no longer confoundadstheiation between the
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MetSyn and AF after adjustment for the previously mentorsiables. We estimated
hazard ratios for AF by the MetSyn status at baseilokyidual components of the
MetSyn at baseline after additional adjustment ferdther MetSyn components, and by
number of MetSyn components present at baseline inidhdils with known values for
all MetSyn components. The Cox model was also mat#lwing for the MetSyn,
measured during clinic visits 1-4, as a time-dependent varidbultiplicative
interactions with sex and race were tested and foubd tonsignificant; however,
hazard ratios for the full cohort and separately fackd and whites are reported based
on the hypotheses. Finally, a macro by Zhang and collsZgues used to estimate a
direct adjusted cumulative incidence curve of AF by nunlb&tetSyn components at
baseline, based on a stratified Cox model. Interattists between the MetSyn and log
of follow-up time and the log-log survival curves were @dtto show that the

proportional hazards assumption was met for the Coxssgm models.

10.4 RESULTS

After exclusions, 15,094 individuals remained in our dat@sedralysis. The
baseline characteristics of the study sample are descin Table 10.1. Those with the
MetSyn at baseline were less well educated, had higher Bid#s, were less physically
active, and had more comorbidities than did participaiiteout the MetSyn at baseline.
At baseline, 45.7% of blacks and 39.6% of whites had the Mgf&ble 10.2). A
higher percentage of blacks had elevated waist circumierefevated blood pressure,

and impaired fasting glucose compared to whites; howexetes more frequently had
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elevated TG and low HDL-c. Of those who had valueslidvietSyn components at
baseline (N=14,816), 4.9% of blacks and 6.8% of whites hadcalhfponents of the
MetSyn.

Over a mean follow-up of 15.4 years, 1238 incident case$ ofeke identified.
The age- and sex-adjusted incidence rates for AF weradbBGper 10,000 person-years
in participants with and without the MetSyn at baselmespectively (Table 10.3). In
blacks, the age- and sex-adjusted incidence rates f&e thith and those without the
MetSyn were 52 and 30 per 10,000 person-years, respectivelyptitesponding
incidence rates in whites were 62 and 38 per 10,000 person-yesmazard ratios for
AF among individuals with, compared to those without, tie3yn was 1.67 (95% Cl,
1.49-1.87) in the entire cohort. The hazard ratios Wweté (95% ClI, 1.35-2.29) and 1.64
(95% ClI, 1.45-1.87) among blacks and whites, respectivelyevenwthese were not
statistically significantly different (p for interaen=0.73). In addition, hazard ratios for
models with the MetSyn status as a time-dependent vaviadoi not appreciably
different from models using only baseline MetSyn statusa(dat shown). Considering
only AF events identified in ECGs done at study visits (1EJleRents), the hazard ratio
of AF in those with MetSyn compared to those withous W#6 (95% ClI, 1.36-2.83).

We also stratified our analysis by prevalent CHD andaHbaseline in order to
investigate potential mediation of the MetSyn and AF @asion through CHD and HF
(Table 10.3). The prevalence of the MetSyn was much higliaose with CHD or HF
at baseline compared to those without (70.3% and 38.3%, tesbgc For those who
did not have prevalent CHD or HF at baseline, the &ssmt between the MetSyn and

incident AF was similar to that of the entire coh®tR, 1.53; 95% CI, 1.35-1.74);
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however, the association did not hold among blacks @b or HF at baseline. The
incidence rate of AF among those with prevalent CHD BraHbaseline was higher, but
the hazard ratio for the association of MetSyn withwas attenuated in comparison to
that of the entire cohort or the subgroup of participaiitisout prevalent CHD or HF. In
a model excluding those with prevalent CHD or HF at haselnd then censoring
incident CHD or HF during follow-up, the hazard ratio for was attenuated (HR, 1.30;
95% CI, 1.10-1.54) in comparison to the model in the entitert ignoring incident
CHD or HF (HR, 1.67; 95% ClI, 1.49-1.87).

Of the individual components of the MetSyn, elevateddloressure appeared to
contribute most to AF risk, with almost a two-fold insed risk of AF for those with
elevated blood pressures (Table 10.4). Elevated waist deoeimee conferred a 40%
(95% ClI, 23%-59%) increased risk, low HDL-c a 20% (95% CI,3%®) increased risk,
and impaired fasting glucose a 16% (95% CI, 3%-31%) incre&dedfrincident AF,
whereas elevated TG was not associated with incideina€ (HR, 0.95; 95% ClI, 0.84-
1.09). Time-dependent analyses with all individual MetSynmonents as time-
dependent variables provided similar results (data netrsholn addition, a
monotonically increasing risk of AF with increasing numbeMetSyn components was
observed, with a hazard ratio of 4.40 for those with 53yletcomponents compared to
those with 0 components. Figure 10.1 depicts the cumulatoreability of incident AF
by number of MetSyn components in the full cohortgréater number of MetSyn
components corresponded to higher cumulative probabitiés over up to 19 years of
follow-up. The cumulative risk of AF was 5.1% among thagth 0 MetSyn

components and 20.4% among those with 5 MetSyn comporidrasedine.
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10.5 DISCUSSION

In this population-based prospective study with up to 19 yddodlaw-up,
individuals with the MetSyn at baseline had a 67% increaskaf incident AF, with
similar results in both blacks and whites. In addittbe, risk of AF increased
successively with each MetSyn component present, watie than a 4-fold increased
risk for those with all 5 MetSyn components compareithdse with 0 components
during the baseline exam. Of the individual componesated blood pressure was the
most strongly associated with AF risk, but all othext$yn components, with the
exception of high TG, were also associated with an &see risk of incident AF.

Our results are consistent with a prospective studgdbas annual health check-
ups in a Japanese population, which reported a 61% incresised AF among
individuals with the MetSyn according to AHA/NHLBI guidedis:® In addition, all
components of the MetSyn except for TG were founddrease the risk of incident
AF.12 However, their resulteere only adjusted for age and sex, and were not
additionally adjusted for the other components of tle@3¢n. We found an increased
risk for AF for all components of the MetSyn, excef®, Bven after adjustment for
additional confounders and the other components of th&ywetWatanabe and
colleagues also found an increased risk of AF with theSytewherusing the National
Cholesterol Education Program Third Adult Treatment P@NEEP-ATP I11) definition
of the MetSyn*?

Another prospective study of patients admitted to a@aadcular care center in
Japan reported a 2.8-fold increased odds of AF among Witissthe MetSyn.

Obesity/overweight was associated with a 3-fold greadds of AF%® This study,
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however, did not find evidence of an association betvaegrother components of the
MetSyn and AF, though its limited sample size (32 AresaS60 controls) and the study
design could explain the inconsistency with our results.

Several studies have reported the associations of high pi@ssure, diabetes,
and obesity alone with the risk of AF. The Cardieudar Health Study reported an 11%
increased risk of AF for each 10 mmHg increase in sydicd pressuré. Among
women participating in the Women’s Health Study, a lineamd of increasing AF risk
with increasing systolic and diastolic blood pressurefaasd, and an increased risk of
AF was even found in systolic blood pressure categorigeinonhypertensive rand¥.
In the Framingham Heart Study, the odds of developing Adngrthose with
hypertension was 1.5 in men and 1.4 in women, and the popuddtidoutable risk for
AF resulting from hypertension was 14%, the highest aisMIfactors investigated in
that study*! In the same study, diabetes was associated with and.2.8-fold increased
odds of AF in men and women, respectivelyin addition, the odds ratio for AF
comparing diabetics to non-diabetics was 2.1 among vetbasesl on Veterans Health
Administration Hospitals discharge diagnoSeand patients with new-onset diabetes
mellitus had a hazard ratio of 1.49 for incident AF compaoepatients without
diabetes? Finally, obesity has been implicated in the develept of AF. Per unit
increment in BMI, the odds of AF, intermittent AF, adstained AF were 3%, 7%, and
4% higher, respectively, compared to the odds of AF anmurygetwith a 1-unit lower
BMLI.%> A meta-analysis pooling 5 population-based cohort studiesteeb® 49%
increased risk of developing AF among obese participant$XB0J compared to

nonobese (BMI<30) individuaf§. A significant increased risk of AF among obese
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individuals was found in all 5 of these cohort studié§* Although the cutpoints for
hypertension and diabetes used in these studies ardydlidtarent than those used to
define the MetSyn, and the MetSyn uses waist circuméerenstead of BMI, these
studies provide additional evidence that these individual Met8ynponents are risk
factors for AF.

The mechanisms underlying the association between tteyWand AF are
unclear. The metabolic syndrome and obesity may ateiel anatomy by increasing

atrial sizet®+10°

and obesity has also been associated with leftigalar
hypertrophy:°*1°® Hypertension is associated with left ventricular hgpe@hy, impaired
ventricular filling, left atrial enlargement, and slowiafjatrial conduction velocity?
Finally, diabetes may cause metabolic stress onttioereor irritability of the atrium
through its association with systemic illnesses, ssdhfaction or renal failur&
Therefore, hypertension, obesity, and diabetes mayusencacardiac structural changes
or metabolic stress or irritability of the atrium amng individuals with the MetSyn, which
in turn, may result in the development of AF. Initdd, the MetSyn and its individual
components may increase the risk of AF through the dewedat of CHD and HF. In
our analysis, we found that among individuals with prevaBHD or HF at the baseline
exam, the association between the MetSyn and AF itersuated overall and appeared
to be absent among blacks. In another analysis amonglunals free of CHD or HF at
baseline and censoring those who developed CHD or HRla#tdraseline exam, the

hazard ratio for incident AF was 1.30 (95% CI, 1.10-1.54), suipges$tat CHD and HF

may be mediators of the association between th&xeaind AF.
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The present study has certain limitations that neée taken into account when
reading the results. First, it is possible that soroglent AF events were missed among
individuals without symptoms or who were not hospitaliz&tbst AF events were
ascertained by hospital discharge records; therefoderascertainment of events could
have led to misclassification of the events. Althoughmay have had some
misclassification of events by relying mostly on hagpdischarge records to identify
incident AF events, our estimates of AF incidence endas to those reported by other
cohorts?*1*8%284Eyrther, in a sensitivity analysis including only AF eseidentified
during exam ECGs, the hazard ratio for AF comparing thdgtseto those without the
MetSyn was 1.96, which is similar to the associatiamébwhen considering all AF
cases (HR=1.67). Finally, associations of geneticfastors and AF in ARIC were
similar to that of other cohort studies whose identiitccaof incident AF events relied
more on study exam ECGs rather than hospital dischaogeds:** These observations
suggest that the possible misclassification of the evkrdgo the method of AF
ascertainment was minimal. Second, although we attenipteontrol for any
misclassification in exposure status by conducting timefuigo® analyses using
MetSyn as a time-dependent variable, the last exposemeurement occurred during
study visit 4 (1996-98), almost a decade prior to the end offallp for AF. Finally, we
did not have any information to classify AF as paroxyspersistent, or permanent,
eliminating the possibility of conducting sub-group analysesype of AF.

Our study also has several strengths, including the $zuggle size and long
follow-up of the ARIC cohort. Response rates of thieual follow-up telephone calls to

participants have been larger than 90% among survivoiigintinselection bias in the
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ascertainment of AF events. In addition, the avditglmf information on most possible
confounders limits bias in our estimates due to unmeasureduatiig. Finally, ARIC
is a multi-center study that enrolled both black and evbdrticipants, so our results are
fairly generalizable to the U.S. population of blacks ahdes.

In conclusion, a 67% increased risk of incident AF seen among individuals
with, compared to those without, the MetSyn during thelbasexam, and the risk of
AF increased with greater number of MetSyn componeBisvated blood pressure
appeared to contribute most to AF risk, although all Met@ynponents except TG were
independently associated with an increased risk of AF. M&i&yn is a common
disorder, and 45.7% of blacks and 39.6% of whites of our study pimpultead the
MetSyn during the baseline exam. Given the increaseofigk among individuals
with the MetSyn, strategies to reduce the developmethieo¥letSyn or to control

individual components of the MetSyn may reduce the burfl&ifro
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10.6 TABLES AND FIGURES

Table 10.1: Baseline Participant Characteristics by Race Grquand Metabolic Syndrome Status, ARIC 1987-89.

Blacks (N=3,882) Whites (N=11,212)

No Metabolic Metabolic P-value No Metabolic Metabolic P-value
Syndrome Syndrome Syndrome Syndrome
Age, years 53.0%.9 54.3 45.7 <0.01 53.76.7 55.4 45.6 <0.01
Male 953 (45.2) 526 (29.7) <0.01 3057 (45.1) 2237 (50.4) <0.01
Education
< High school 788 (37.5) 816 (46.1) <0.01 948 (14.0) 975 (22.0) <0.01
HS to vocational school 594 (28.2) 509 (28.8) 3029 (44.8) 2055 (46.4)
Any college 721 (34.3) 444 (25.1) 2791 (41.2) 1401 (31.6)
Smoking Status
Current 675 (32.1) 483 (27.2) <0.01 1710 (25.3) 1054 (23.8) <0.01
Former 516 (24.5) 416 (23.5) 2295 (33.9) 1671 (37.7)
Never 913 (43.4) 873 (49.3) 2765 (40.8) 1710 (38.5)
Smoking, pack-yrs 12.8 20.1 11.7 +20.0 0.12 16.0 20.9 19.5 ¥23.9 <0.01
Drinking Status
Current 774 (37.0) 447 (25.5) <0.01 4607 (68.1) 2630 (59.4) <0.01
Former 449 (21.4) 450 (25.6) 1056 (15.6) 888 (20.1)
Never 870 (41.6) 858 (48.9) 1101 (16.3) 908 (20.5)
Alcohol, g/week 39.6 413.2 22.9 3.3 <0.01 46.9 £0.8 44.1 498.9 0.12
Body mass index, kg/m 27.4 455 32.3+4.9 <0.01 25.2 8.8 29.8 #4.9 <0.01

61



Sports score
1.0to 3.0
>3.0t0 5.0

CHD history

HF history

Waist circumference, cm
Triglycerides, mg/dL

HDL-c, mg/DlI
Anti-lipid meds
Systolic BP, mmHg

Diastolic BP, mmHg
Antihypertensive meds

Glucose, mg/DlI
Diabetes

1869 (88.9) 1599 (90.5) 0.09
234 (11.1) 167 (9.5)
53 (2.5) 101 (5.7) <0.01
65 (3.1) 204 (11.6) <0.01
92.918.5 106.8 #13.8 <0.01
87.2 853  146.6 015 <0.01
61.1+17.5 47.8 14.7 <0.01
3(0.1) 52 (3.0) <0.01
1252209  133.441.3 <0.01
78.8 12.5 80.8 +11.8 <0.01
581 (27.6) 1114 (62.9) <0.01
100.3 30.7  139.5 1.1 <0.01
125 (6.0) 640 (36.2) <0.01

4967 (73.5)
1788 (26.5)

3575 (80.9)
844 (19.1)

90.8 41.3
102.0 46.2
56.4 46.6

104.5 A2.2
194.6 A17.3
41.3 #2.3

114.0 45.2 125.3 A7.4
74.5 ¥10.4

2066 (46.6)
117.7 43.1

847 (19.1)

813 (12.0)
97.6 8.0

<0.01

<0.01

<0.01
<0.01
<0.01
<0.01

<0.01
<0.01
<0.01

<0.01
<0.01
<0.01

Values are N(%) for categorical variables and Me&D+or continuous variables.
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Table 10.2: Prevalence of Metabolic Syndrome, Individual Metaba Syndrome Components, and Number of Metabolic
Syndrome Components Present at Baseline by Race, ARIC 1987-89.

Blacks Whites

Metabolic Syndrome 1774 (45.7) 4437 (39.6)
Individual Components

Elevated waist circumference 2373 (61.1) 5630 (50.2)

Elevated blood pressure 2609 (67.2) 4600 (41.0)

Elevated triglycerides 653 (17.4) 3641 (32.7)

Low HDL cholesterol 1298 (33.9) 4801 (42.9)

Impaired fasting glucose 2086 (54.1) 5223 (46.8)
Number of Components*

0 333 (9.0) 1628 (14.7)

1 745 (20.0) 2640 (23.8)

2 997 (26.8) 2441 (22.0)

3 932 (25.0) 2129 (19.2)

4 533 (14.3) 1500 (13.5)

5 182 (4.9) 756 (6.8)

Values are N(%).

* Individuals with missing values for any component of thetabolic syndrome were excluded from this analysis, N=14,816.
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Table 10.3: Overall and Race-Specific Incidence Rates and Had Ratios for Atrial Fibrillation by the Metabolic Syndrome
ARIC 1987-2005.

Overall Blacks Whites
No Metabolic Metabolic No Metabolic Metabolic No Metabolic Metabolic
Syndrome Syndrome Syndrome Syndrome Syndrome Syndrome
Entire Cohort
N Events 558 680 100 144 458 536
Person-years 140,655 92,109 32,306 25,982 108,349 66,126
Incidence Rate* 36 60 30 52 38 62
Hazard Ratiot 1.00 1.67 1.00 1.76 1.00 1.64
95% ClI (ref.) (1.49-1.87) (ref) (1.35-2.29) (ref.) (1.45-1.87)
Without CHD/HF$
N Events 482 493 81 111 401 382
Person-years 133,046 78,789 30,496 22,170 102,550 56,619
Incidence Rate* 33 51 26 48 35 53
Hazard Ratiot 1.00 1.53 1.00 1.91 1.00 1.46
95% ClI (ref.) (1.35-1.74) (ref) (1.42-2.57) (ref.) (1.26-1.68)
With CHD/HF§
N Events 66 163 16 29 50 134
Person-years 5,037 11,462 1,345 3,588 3,691 7,875
Incidence Rate* 99 117 112 78 98 133
Hazard Ratiot 1.00 1.28 1.00 0.62 1.00 1.52
95% CI (ref) (0.95-1.71) (ref) (0.34-1.16) (ref.) (1.08-2.12)

* Age- and sex-adjusted incidence rate per 10,000 person-years.
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T Multivariate model adjusted for the following covaemat baseline: age, sex, center, educational attainsmemiking status and
cigarette-years of smoking. Overall model additionatljusted for race.

¥ Analysis among those without prevalent coronarythdisease or heart failure at baseline, N=13,289.

8 Analysis among those with prevalent coronary hearagéeser heart failure at baseline, N=1,252.
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Table 10.4: Overall and Race-Specific Hazard Ratios and 95% Counfnce Intervals for Atrial Fibrillation by the Individual

Components of the Metabolic Syndrome and by Number of Componés Fulfilled, ARIC 1987-2005.

Overall Blacks Whites
Metabolic Syndrome Components*
Elevated waist circumference 1.40 (1.23-1.59) 1.50 (1.08-2.09) 1.37 (1.19-1.58)
Elevated blood pressure 1.95 (1.72-2.21) 1.60 (1.15-2.23) 2.02 (32)6-2
Elevated triglycerides 0.95 (0.84-1.09) 1.17 (0.84-1.62) 0.88-M007)
Low HDL cholesterol 1.20 (1.06-1.37) 1.53 (1.14-2.05) 1.14 {0.99)
Impaired fasting glucose 1.16 (1.03-1.31) 1.04 (0.78-1.38) 1a3-135)
Number of Componentst
1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

1.69 (1.27-2.25)
2.45 (1.86-3.23)
2.66 (2.02-3.51)
3.13 (2.36-4.16)
4.40 (3.25-5.94)

aOhwWN RO

1.63 (0.70-3.75)
2.97 (1.35-6.51)
3.12 (1.42-6.89)
4.61 (2.07-10.28)
4.83 (2.00-11.66)

1.71 (1.26-2.33)
2.37 (1.77-3.19)
2.60 (1.93-3.50)
2.90 (2.14-3.94)
4.30 (3.12-5.94)

* Multivariate model adjusted for the following covaegtat baseline: age, sex, center, educational attainsmeoking status,
cigarette-years of smoking, and the other metabolic synelicomponents. Overall model additionally adjusteddoe.

T Multivariate model among individuals without any missiadues for metabolic syndrome components. Multivariatdeho

adjusted for the following covariates at baseline: age, center, educational attainment, smoking statusigaette-years of
smoking. Overall model additionally adjusted for race.
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Figure 10.1. Cumulative Probability of Atrial Fibrillation by N umber of Metabolic Syndrome Components at Baseline, ARIC
1987-2005.
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11.0 MANUSCRIPT 2 — SMOKING AND INCIDENCE OF ATRIAL
FIBRILLATION

11.1 OVERVIEW

Objective: To determine the association of smoking with incidenaldibrillation (AF)

in a population-based prospective cohort study, and to surerassociations from other
prospective studies by conducting a systematic reviewedftdrature on smoking and
AF. Background: Cigarette smoking increases the risk of coronary lthsease, but
whether smoking increases AF is uncertaethods: We determined the risk of
incident AF through December 2002 in relation to baseline (1987-58&%ing status
and cigarette-years of smoking in over 15,000 participartseqgirospective
Atherosclerosis Risk in Communities (ARIC) study. didi#ion, we conducted a
systematic review of prospective population-based studwestineg associations of
smoking with incidence of AFResults: Over a mean follow-up of 13.1 years in the
ARIC study, 876 incident AF events were identified. Comagdo never smokers, the
multivariable-adjusted hazard ratios (HR) for AF wei@01(95% CI, 1.09-1.55) in
former smokers, 1.54 (95% ClI, 1.31-1.81) in ever smokersl &8d(95% CI, 1.64-2.38)
in current smokers. In the highest tertile of accuatead smoking amount (>675
cigarette-years), the incidence of AF was 1.93-timeatgr€95% CI, 1.59-2.34) than
those who never smoked. In our systematic reviewdesatified 5 studies that reported
associations of smoking with AF. The results of ¢h&sidies varied, some indicating
positive associations and others no association betsyeeking status and incidence of

AF. Conclusion: Although no consistent association between smoking anaais-

68



apparent through our systematic review, a positive agsmetiof smoking status with

incident AF was found in the ARIC study.

11.2 INTRODUCTION

Cigarette smoking promotes vasomotor dysfunction, asle@arosis, and
thrombosis, thus increasing the risk of cardiovasaligase®> However, evidence for
an association between smoking and atrial fibrilla{®R) is limited. Cigarette smoking
increases oxidative stre¥8 inflammation'®® and atrial fibrosis?® all mechanisms
potentially involved in the etiology of AE®

A few prospective studies have reported on the assotia¢tween smoking and
AF. Inthe Framingham Heart Study, cigarette smoking associated with a 40%
increased odds of developing AF among women, but thereavassociation among
men!' Compared with never smokers, the Rotterdam study ezpar61% and 49%
increased risk of incident AF among current and former smpkespectively, which did
not differ by gendet®? A 37% increased risk of AF among ever vs. never smakass
reported in the Manitoba Follow-Up Stutfy.Yet, no association was found between
smoking and AF in the Danish Diet, Cancer, and Healiby&*’ or the Multifactor
Primary Prevention Study?

These limited and inconsistent data suggest further invaetigaitthe association
between smoking and AF is warranted. Approximately 20%.8f adults are current

smokers?® If an association exists between cigarette smo&imbAF, smoking

cessation might reduce AF occurrendéwus, we determined the risk of incident AF in
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relation to smoking status and amount in the Atherossie Risk in Communities
(ARIC) study. We hypothesized that the incidence of Afelel be higher among those
who were current and former smokers at baseline compatbdse who never smoked,
and the incidence of AF would increase with increasing-yaeks of smoking. In
addition, we conducted a systematic literature reviewngnpoospective, population-

based studies of cigarette smoking and AF.

11.3 METHODS

Study Population

The ARIC study is a prospective cohort investigatioredito identify risk
factors for atherosclerosis and cardiovascular désseARIC recruited probability
samples of adults aged 45-64 years from four U.S. commaniEiersyth County, North
Carolina; Jackson, Mississippi; Minneapolis suburbs, Mioteesand Washington
County, Maryland’* Blacks and whites were recruited from Forsyth Coumiy
blacks from Jackson, Mississippi, and predominantly wifiites the other two
communities. A total of 15,792 participants (8710 women) warelled from 1987 to
1989, and completed a home interview and clinic visit. Tfokew-up clinic visits were
conducted, each spaced three years apart (1990-92, 1993-95, 1996&R)itidn,
participants are being followed-up by annual telephonevietes and active surveillance
of the ARIC community hospitals. The ARIC study wppraved by institutional review
boards at each participating center, and informed comsenbbtained from participants

at every clinic visit.
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Atrial Fibrillation Ascertainment

Electrocardiograms (ECGs) during the baseline visit weeel to identify
individuals with prevalent AF or atrial flutter for exsion. Incident AF diagnoses
through December 31, 2005 were identified from 3 sourcesGsH@rformed during
study follow-up visits through 1998, hospital discharge recorasighr 2005, and death
certificates through 2005.

All ARIC examination ECGs were recorded using MAC PGsBeal
Cardiographs (Marquette Electronics, Inc., Milwaukee,.\M)standard supine 12-lead
resting ECG was recorded at least one hour after smaiagco or ingestion of
caffeine at each clinic visit. ECGs were then tratisoh by modem to the ARIC ECG
Reading Center for computer coding. ECG recordings duritgnfalp that were
computer coded as AF were visually re-checked by a cardibkogconfirm the
diagnosis-"®

Annual follow-up telephone calls were placed to cohotigggants in order to
identify hospitalizations and deaths. In addition, |ldwepitals were surveyed for
potential cardiovascular events. Hospital dischargerds were gathered from all
hospitalizations, and AF was identified by an ICD-9 disgeaode of 427.31 or 427.32
among any of the discharge diagnoses. AF was alsafidénthen any listed cause of
death on a death certificate was coded as AF (ICD-942d& or ICD-10 code 148).
AF occurring simultaneously with heart revascular@asurgery (ICD-9 code 36.X) or
other cardiac surgery involving heart valves or septa (I@De 35.X) was not
considered an incident event and follow-up was continuednoeyat episode for

incident AF not associated with cardiac surgery. Rumalysis within the ARIC cohort
71



to determine the validity of hospital discharge diagadse AF reported 84% sensitivity

and 98% specificity in the ascertainment of AF evéhts.

Smoking Assessment

Cigarette smoking status and amount were determined bgepelit. Participants
were asked whether they ever smoked cigarettes, andtlifesage of smoking initiation,
number of years of smoking, number of cigarettes smokedgyerand whether they
currently smoked, and if not, the age they quit smokkFgpm responses to these
guestions, participants were categorized as current, foomagver smokers, and
cigarette-years of smoking was calculated for curretitt@armer smokers. Information
on pipe and cigar/cigarillo smoking was not included indhislysis as only 3% of ARIC
cohort participants were current pipe and/or cigar smakdoaseline.

For analysis, smoking status was categorized using diffeeent classifications:
1) current, former, never (reference), 2) ever, nensderence), and 3) current, non-
current (reference). Cigarette-years of smoking weesgogized into tertiles for ever
smokers, and never smokers served as the reference ¢moaghdition to smoking status
and cigarette-years of smoking, we created a varialbieisting of 5 categories that
combined smoking status and amount. Current and former ssnokez each
dichotomized at 800 cigarette-years of smoking (equivate#0 pack-years), with never

smokers serving as the reference group.
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Additional Baseline Measurements

Race, education level, and drinking status were determinsdlbseport. The
sports index for physical activity during leisure time ranfyeth 1 (low) to 5 (high), and
was based on the questionnaire developed by Baeck&®thir this analysis, we
dichotomized the sports index at thd"@@rcentile. Body mass index (BMI) was
calculated as weight (in kilograms) divided by heightnieters) squared. A participant
was categorized as diabetic if he/she had a fasting g@ud@6 mg/dL (or non-fasting
glucose of 200 mg/dL if a fasting sample was not available), repatphysician
diagnosis of diabetes, or was currently taking meiiodor diabetes. Blood pressure
was measured 3 times, with the last 2 measurementgadeiadetermine if a
participant was hypertensive, which was defined as anga/dalaod pressure ofl40
mmHg systolic and/or 30 mmHg diastolic, or blood pressure medication use ipaise
2 weeks. Prevalent coronary heart disease (CHD) afit@sncluded individuals with a
history of myocardial infarction (Ml), Ml indicated dhe baseline ECG, or history of
coronary bypass or angioplasty. Prevalent heauré{(HF) was identified by the

Gothenburg criterid? or self-report of HF medication use in the past 2 weeks

Statistical Analysis

The following analyses were conducted using SAS versio(SA3 Institute,
Cary, NC). Of the 15,792 ARIC patrticipants, we excludedehadso were not of black
or white race (N=48), blacks from Minneapolis and WashingtaimGo(N=55),
prevalent AF (N=37) or missing AF status (N=244) at basedind those with

unreadable baseline ECGs (N=85). We additionally excludssimgi and unknown
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smoking status (N=14) and/or missing cigarette-years okisigqgN=265) at baseline in
models where appropriate.

Person-years of follow-up were computed from the baselkam date until a first
AF diagnosis, death, lost to follow-up, or December 31, 280%hever came first.
Baseline participant characteristics by smoking statue as@mpared using chi-squares
for categorical measures and analysis of variance (ANJ® continuous variables.

Analyses were conducted for each of the 5 categonmatbbaseline cigarette
smoking. Overall and race-specific age- and sex-adjiurst@tence rates for AF at
baseline were calculated using Poisson regression.ivishidite-adjusted hazard ratios of
smoking for AF were estimated in the full cohort aadagately in blacks and whites
using Cox proportional hazards regression after adjustintgpé following baseline
characteristics: age, sex, race (full cohort amglyaRIC field center, education (less
than high school, high school graduate to vocationaldchay college), BMI, drinking
status (current, former, never), sports index %> <3.5), diabetes, hypertension, CHD,
and HF. Even though CHD and HF may be intermediatermaat the pathogenesis of
AF, these were included as covariates in our modelsibecae felt that CHD and HF
may also confound the relationship between smoking andMtiplicative interactions
with sex and race were tested in the Cox proportioazditds models and found to be
nonsignificant; however, race-specific results aporeed for interests sake.

In order to utilize data collected during follow-up exams,created an additional
three cohorts using exams 2, 3, and 4 as baseline. HFoc@&aart, we excluded
individuals with prevalent AF before that exam, includesighme potential confounders

as measured during that exam, and began follow-up at th@tidite exam. For a
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particular cohort, we categorized individuals as qutimoking if they were current
smokers at the previous exam and a former smoker atitftent exam; those who were
current smokers at both exams were considered continu@desnand served as the
referent group for this analysis. These three colegte then pooled into one Cox
model using a robust variance estimator to take into acedgtimi-individual
correlations since study participants could be included thareoncé®®

To test the proportional hazards assumption for ther€gression models,
interaction terms between smoking status/amount andf fodia@v-up time were tested
and the log-log survival curves were plotted. The propmatibazards assumption was
met for the first 16 years of follow-up, but not thereaftTherefore, we subsequently

ended follow-up at December 31, 2002 for all analyses pextéiete.

Systematic Review

We also conducted a systematic literature review on pcagpepopulation-
based studies reporting associations of cigarette smokihgAF. We searched the
MEDLINE (1950 — June 24, 2009), Biosis Previews (1996 — June 24, 200%elsSof
Science (1975 — June 24, 2009), and EMBASE (1950 — July 11, 2009) databakes f
following subject headings and termsmgking or smok* or tobacco or nicotine) and
(atrial fibrillation or cardiac arrhythmias or arrhythmia or tachyarrhythmia) and ¢€ohort
or prospective). We also searched the reference lists of releadicles that were
identified in our database searches. We included only stildies/ere prospective in
nature and that provided an estimate of the associagiwveen smoking status or amount

with incident AF. Two reviewers (AM Chamberlain andAdnso) independently
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identified and reviewed relevant articles from the datkasrches and reference lists;
any discrepancies between reviewers were resolved thohsgission.

We identified 5 relevant articles from our databaseckear with an additional 3
articles identified by reference list searches. Tlréeles from the Framingham Heart
Study were identified from our database sear¢h&s?one article summarizing previous
findings from many Framingham manuscripts was exclddedf the remaining 2
articles, we included only the article with the longefow-up.** An article from the
Cardiovascular Health Study was also excluded; smokagehminated from a
backwards stepwise model of risk factors for AF, butatika risk for smoking was not
reported’ Therefore, 5 articles in total were selected andnsarzed in our systematic
review on smoking and AF. Estimates of the associdigiween smoking and AF risk
were obtained from each study. Between-study heteriigeves calculated using thé |

statistic*®°

11.4 RESULTS

After exclusions, 15,329 participants were availabletierdmoking status
analysis, and 15,078 were available for the cigarettesywaalysis and the combined
smoking status and amount analysis. Table 11.1 summ#h@ésseline characteristics
of the ARIC population by smoking status. Current and éorsmokers at baseline were
less well educated, more likely to be current drinkersewess physically active, and

had more prevalent CHD and HF than never smokers.
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Smoking and AF in ARIC

Over a mean follow-up of 13.1 years, 876 incident AF ewssts identified.

Age- and sex-adjusted incidence rates, along with muliteaadjusted hazard ratios for
AF by smoking status and are reported in Table 11.2. dé&eaand sex-adjusted
incidence rates for AF were 28, 36, and 48 per 10,000 personiyeerger smokers,
former smokers, and current smokers, respectively. Campamever smokers, the risk
of AF was 1.30-times (95% ClI, 1.09-1.55) greater among formekers and was 2-fold
higher in current smokers (HR, 1.98; 95% ClI, 1.64-2.38) teaemsmokers. In
addition, the incidence of AF was 1.54-times (95% CI, 1.81)lhigher in ever smokers.
In a sensitivity analysis including only AF events ideatlfboy ECG, the increased risk of
AF associated with smoking remained. The hazard rairoSEG-diagnosed AF during
ARIC exams were 1.79 (95% ClI, 1.11-2.90) in former smoke29, @5% CI, 1.35-3.91)
in current smokers, and 1.95 (95% ClI, 1.24-3.06) in ever smo&eigared to never
smokers. Hazard ratios were similar in blacks and whakhough the age- and sex-
adjusted incidence rates for AF were lower in blackg210,000 person-years) than
whites (44 per 10,000 person-years).

We also created tertiles of cigarette-years of sngpk current and former
smokers, and those in the lowest category of smokirmuathad similar risk of
developing AF as never smokers with zero cigarette-ydamsioking (Table 11.3).
Those in the second category of cigarette-years ok had an incidence rate of 41
per 10,000 person-years and a 58% increased risk of developi(@p#dCl, 29%-93%).
The heaviest smokers (>675 cigarette-years) exhibited ancddence rate of 55 per

10,000 person-years and a hazard ratio of incident AF of @338 CI, 1.59-2.34)
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compared to zero cigarette-years of smoking. Assocgtgain did not statistically
significantly differ by race, with a 2.17-fold greatekref AF among blacks in the
highest tertile of smoking and a corresponding increaskaf 1.89 among whites.

In addition to examining the effect of smoking status amount with incident
AF, we dichotomized current and former smokers intbtlilgoderate versus heavy
smokers (<800 vs.800 cigarette-years of smoking) (Table 11.4). Former smdilaetrs
lower incidence rates of and hazard ratios for AF coegay current smokers with the
same amount of smoking. For example, former smoki&hsi800 cigarette-years of
smoking had an incidence rate of AF of 33 per 10,000 persos;y@Eanpared to 42
among current smokers with <800 cigarette-years of smokdngong light/moderate
smokers, the hazard ratio for AF was 1.16 (95% ClI, 0.96-in4@ymer smokers and
1.86 (95% CI, 1.49-2.31) in current smokers. In heavy smaket800 cigarette-years
of smoking, which is equivalent to at least 40 pack-yebssnoking, former smokers had
a 72% increased risk of AF compared with never smokers;eal current smokers had
a 110% increased risk of developing AF over up to 16 yeardloffop. Blacks and
whites showed a similar pattern, although it appearedtaek heavy smokers had
similar risk of incident AF regardless of smoking status.

In an attempt to further explore the association a@tigg smoking with AF risk,
we created 3 cohorts, using exams 2, 3, and 4 as basgithppoled them in a Cox
model. This analysis included 5,513 individuals and 318 AF cdedsziduals who quit
smoking had a slightly lower, although nonsignificaisk of developing AF (HR, 0.85;

95% CI, 0.63-1.13) compared to those who continued to smoke.
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Systematic Review of Smoking and AF

Tables 11.5 and 11.6 summarize the 5 studies we identified dunirgysiematic
review of prospective, population-based studies on smokidghe risk of incident AF.
These cohort studies recruited individuals from the J.8anada, Sweder>*
Denmark'®” and the Netherlands? The smoking status classification differed by studly,
and included current vs. non-current; ever vs. never; dufgmer vs. never; and <15,
>15 cigarettes per day vs. ever smoking. The Rotterdam Stpdyted associations of
AF with smoking status along with tertiles of duraticertites of smoking amount, and
dichotomized age within smoking status category; howawereport only current,
former vs. never associations in our summary tabletmore consistent with other
studies. The ascertainment of AF was generally sirbéaveen studies, and included
hospitalization discharge diagnoses, physician recaed®nal registry records, and
ECGs conducted during follow-up examinations. In Table 11.Gep@rt only the most
adjusted estimate of AF for each study. The Multda®rimary Prevention Study
reported an odds ratio for AF, the Framingham Heart Stysyrted an odds ratio
calculated from pooling biennial person-examination datatfedemaining studies
report hazard ratios for incident AF. The associatafrsnoking with AF were
inconsistent among studies. The Framingham Heart Study fa slight increased risk
of AF among women current vs. non-current smokers @, (1.4; 95% CI 1.0-2.0); a
similar increased risk was reported in ever vs. neviekers in the Manitoba Follow-Up
Study (HR, 1.37; 95%CI 1.00-1.87). The Rotterdam Study alsotegban increased

risk of AF that was similar in both current (HR, 1.9%% CI 1.07-2.12) and former (HR,
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1.48; 95% CI 1.12-1.96) smokers compared with never smokerstwdhremaining
studies, both from Scandinavia, found no associatiomoksg with AF.

In order to further summarize the associations oksmgowith incidence of AF,
we pooled men and women, and calculated hazard ratiosddsdatios for ever vs.
never smoking and current vs. non-current smoking fostilngies included in our
systematic review (Figure 11.1). Among studies that redartirrent, former vs. never
smoking, a covariance of O between current and formekesrs was assumed in order to
calculate a current vs. non-current association.adtionally added results from our
analysis within the ARIC study to the figure. There wasonsistent association of
incident AF with smoking status, whether ever vs. nevaurrent vs. non-current. The
high amount of heterogeneity between the studfe®{Ps for ever vs. never’492% for
current vs. non-current) rendered a meta-analysis andgestimate of the association

between smoking and AF to be of limited value.

11.5 DISCUSSION

In this population-based prospective study with up to 16 yddodlaw-up,
former and current smokers exhibited a 30% and 98% increakexf developing AF
compared to never smokers. The risk of incident AFesm®ed with increasing cigarette-
years of smoking, and appeared to be somewhat greateg aonwant smokers than
former smokers with similar cigarette-years of smgkissociations were similar

among whites and blacks.
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In previously published studies on smoking and incidence ptl#dfe appeared
to be no consistent association of incident AF withldngstatus, whether ever vs.
never or current vs. non-current. In addition, werditicalculate a pooled estimate of
smoking risk on incidence of AF due to the high amouihtetérogeneity between the
studies identified. Several factors may have contribistékde heterogeneity, including
differences in source population, follow-up, exposure measeint, ascertainment of AF
events, and confounder adjustment. Since all studiesfiddrby our systematic review
were conducted in different countries, it is also poegit differences exist in the
amount or duration of smoking among current/ever smokecslgtry. In the 2
Scandinavian studies reporting null results, the folhgwatudy characteristics may have
led to masking of associations between smoking and Afe. Multifactor Primary
Prevention Study was an intervention against smokirgypaty baseline data were used
in analyses. Those who smoked at baseline may hawent@e likely to quit smoking
or decrease their amount of smoking over follow-up, ngakihnem more similar to the
non-smokers at baseline. Thus, an association betsmeking and AF might possibly
have been masked. The Danish Diet, Cancer, and Hialtly had the shortest follow-
up of all studies (mean of 5.7 years) and also the masfjesht exclusion criteria.
Participants who were hospitalized prior to baselimeehdocrine diseases or
cardiovascular diseases were excluded from analydesse exclusions created a
healthier cohort, and possibly eliminated those who mag haen more susceptible to
the effects of smoking. Although additional studies maynéeded to clarify the
association of smoking and AF, our study, along with th@nty of studies we

identified in the systematic review, reported posieigsociations of smoking with
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incidence of AF. Therefore, cigarette smoking may dounie positively to AF risk, and
thus it is worth discussing the possible biological medmsilinking smoking to
increased risk of developing AF.

Potential mechanisms linking cigarette smoking to increaszdence of AF are
not fully established. Smoking could lead to a highdr afsAF indirectly through an
increased incidence of other cardiovascular events,asubbart failuré***or coronary
artery diseas&°'** Potential mechanisms by which cigarette smoke contsliatacute
vascular events include induction of a hypercoagulable, stateased myocardial work,
carbon monoxide-mediated reduced oxygen-carrying capadihe diflood, coronary
vasoconstriction, and catecholamine relé&ezurthermore, cigarette smoking likely
promotes atherosclerosis through adverse effects os, lipmtiothelial damage or
dysfunction, hemodynamic stress, oxidant injury, neutrggtilzation, enhanced
thrombosis, and increased fibrinogen and blood viscbSitfhe acute hemodynamic
effects of nicotine include increases in heart ratetdood pressur€? which in turn may
result in AF among long-term smokers. In some cabegjevelopment of myocardial
infarction due to a hypercoagulable state, enhanced thsisnlos hemodynamic stress
as a result of smoking may increase the risk of subsdgukaveloping AF. In addition,
reduced lung function and chronic obstructive pulmonamagis (COPD) have been
reported to increase the risk of AE*therefore, the association of smoking and AF may
also be in part mediated by reduced lung function or COPD.

Nicotine in cigarette smoke has been shown to inerbath atrial and ventricular
vulnerability to fibrillation****" This increased vulnerability to fibrillation may be due

to alteration of atrial myocyte ion channel conductmther by release of
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neurotransmitters or by direct interaction with idvacnels. The nicotine-induced
changes in heart rate and arterial pressure are asbwith increases in plasma
catecholamine concentrations due to stimulation of syrefiatheurotransmissioni’
Nicotine directly stimulates postganglionic sympathetcve endings, resulting in
increased plasma concentrations of norepinephrine@ndprine and decreased
postganglionic muscle sympathetic nerve actitityln addition, nicotine has been
shown to block the transient outward éurrent (k), which governs the initial phase of
cardiac repolarization and influences other currents ardbrane transport proces$es.
The blockage ofid may be proarrhythmic due to a delay of ventricular repaton or
prolongation of the effective refractory period. Nicetimay also contribute to the
development of atrial fibrosis, which has been shtawfavor the occurrence of atrial
arrhythmias:*® Interstitial fibrosis causes a substantial slowafiglectrical impulse
propagation in cardiac tissue and affects chamber geoffietAyrecent canine model of
atrial fibrillation showed that nicotine causes downtagon of atrial microRNA’s miR-
133 and miR-590 in atrial fibroblasts, with an associatedgugsgon of transforming
growth factors TGH1 and TGFHBRII and increased collagen production, inducing a
proarrhythmic atrial fibrosié® Thus cigarette smoking may increase vulnerability to AF
and other arrhythmias through different nicotine-induced nmesire, such as alterations
of atrial myocyte ion channel conduction and the depralent of atrial fibrosis.

Our study has several strengths, including the large sasmglend long follow-
up of the ARIC cohort. We had information on both simglstatus and cigarette-years
of smoking, along with repeated measures of smoking saaflkfollow-up visits, which

allowed us to investigate the association of both sngp&iatus and amount with
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incidence of AF. However, we also acknowledge a fewdimons. First, it is possible
that some incident AF events were missed among indilgdughout symptoms or who
were not hospitalized. Most AF events were ascerthloy hospital discharge records
even though ECGs were also obtained during the 3 ARIGWellp exams. Therefore,
we acknowledge the possibility of underascertainmerti@ff events, although we
believe this possible misclassification had little imp@aestudy results. We conducted a
sensitivity analysis including only AF events identifduting exam ECGs, and found
that the hazard ratios for AF by smoking status categanme slightly stronger than the
associations found when considering all AF casesddition, our estimates of AF
incidence are similar to those reported by other cofidtt¥:°®*Finally, associations of
genetic risk factors and AF in ARIC were similar tottbbother cohort studies that relied
more on study exam ECGs rather than hospital dischieogeds to identify AF events?
Second, we did not have available information to clagsiyevents as paroxysmal,
persistent, or permanent, which eliminated the possilaifigonducting sub-group
analyses on type of AF. Finally, although we attemptadvestigate the effect of
quitting smoking on AF risk, we did not have informationquitting smoking past ARIC
visit 4. In addition, we did not have the ability tofeliEntiate reasons for quitting
smoking, such as a person being ill. Therefore, we waable to fully capture the effect
of quitting smoking among otherwise healthy individuals @i tbubsequent risk of
developing AF. Residual confounding might explain the waeak@ation between
smoking cessation and the subsequent risk of AF.

In conclusion, previously published studies on smoking aridance of AFhave

provided inconsistent results. However, we found in ARI& current smokers had
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almost twice the risk of developing AF over up to 16 yeéfsltow-up compared to
never smokers. In addition, it appeared that smokersowiavere less likely to develop
AF compared to continued smokers with similar cigargéis of smoking. Finally,

associations of smoking with AF were similar among ashand blacks.
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11.6 TABLES AND FIGURES

Table 11.1: Baseline Participant Characteristics by Smokingt&tus, ARIC 1987-89.

Current Former Never
(N=4005) (N=4950) (N=6374)

Age, years 53.6 (5.7) 54.8 (5.8) 54.0 (5.8)
Gender

Male 1900 (47.4) 3054 (61.7) 1915 (30.0)

Female 2105 (52.6) 1896 (38.3) 4459 (70.0)
Race

Black 1214 (30.3) 962 (19.4) 1880 (29.5)

White 2791 (69.7) 3988 (80.6) 4494 (70.5)
Education

< High school 1243 (31.1) 1075 (21.7) 1302 (20.4)

HS to vocational school 1649 (41.2) 1948 (39.4) 2661 (41.8)

Any college 1107 (27.7) 1924 (38.9) 2403 (37.8)
Drinking status

Current 2535 (63.6) 3141 (63.7) 2883 (45.4)

Former 879 (22.0) 1170 (23.7) 835 (13.2)

Never 574 (14.4) 623 (12.6) 2629 (41.4)
BMI, kg/m? 26.4 (5.0) 28.0 (5.1) 28.3 (5.7)
Sports index

<35 3581 (89.7) 4067 (82.4) 5582 (87.9)

>35 410 (10.3) 870 (17.6) 768 (12.1)
Diabetes 421 (10.6) 588 (11.9) 803 (12.7)
Hypertension 1291 (32.2) 1713 (34.8) 2316 (36.5)
Coronary heart disease 208 (5.3) 367 (7.5) 160 (2.6)
Heart failure 217 (5.5) 235 (4.8) 257 (4.1)
Cigarette-years of smoking 670.8 (430.9) 463.6 (434.1) 0 (0)

Values are mean (SD) for continuous variables and Ni¢#@ategorical variables.

All characteristics differed among smoking groups at p<0.01.
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Table 11.2: Incidence Rates and Hazard Ratios for Atrial Filitlation by Smoking Status Categories, ARIC 1987-2002.

Number of Events Person-years Incidence Rate* Hazard Ratfo 95% CI
Overall
Never (ref.) 270 86,307 28 1.00 ref.
Ever 606 115,048 41 1.54 (1.31-1.81)
Former 333 64,887 36 1.30 (1.09-1.55)
Current 273 50,161 48 1.98 (1.64-2.38)
Non-Current (ref.) 603 151,194 31 1.00 ref.
Current 273 50,161 48 1.71 (1.47-1.99)
Blacks
Never (ref.) 60 24,882 22 1.00 ref.
Ever 98 27,139 32 1.57 (1.09-2.26)
Former 44 12,357 29 1.28 (0.83-1.98)
Current 54 14,782 35 1.95 (1.28-2.96)
Non-Current (ref.) 104 37,239 24 1.00 ref.
Current 54 14,782 35 1.74 (1.21-2.52)
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Whites

Never (ref.) 210 61,425 29 1.00 ref.
Ever 508 87,909 44 1.53 (1.28-1.84)
Former 289 52,530 38 1.30 (1.07-1.58)
Current 219 35,379 53 1.99 (1.62-2.45)

Non-Current (ref.) 499 113,955 33 1.00 ref.
Current 219 35,379 53 1.71 (1.44-2.03)

*Age- and sex-adjusted incidence rates per 10,000 person-years

T Multivariate model adjusted for the following covaemat baseline: age, sex, center, educational attaindrekting status, BMI,
sports index, diabetes, hypertension, CHD and HF. Oweoael additionally adjusted for race.

88



Table 11.3: Incidence Rates and Hazard Ratios for Atrial Filtlation by Cigarette-Years of Smoking Categories,
ARIC 1987-2002.

Number of Events Person-years Incidence Rate* Hazard Ratfo 95% CI
Overall
Zero (ref.) 275 87,288 28 1.00 ref.
<308 116 38,777 27 1.05 (0.84-1.32)
>308 to 875 179 37,324 41 1.58 (1.29-1.93)
>675 285 34,759 55 1.93 (1.59-2.34)
Blacks
Zero (ref.) 61 25,057 22 1.00 ref.
<308 29 11,922 24 1.12 (0.70-1.81)
>308 to 875 28 8,024 34 1.61 (0.98-2.63)
>675 33 5,463 46 2.17 (1.32-3.56)
Whites
Zero (ref.) 214 62,231 29 1.00 ref.
<308 87 26,854 28 1.03 (0.80-1.34)
>308 to 875 151 29,300 43 1.58 (1.26-1.97)
>675 252 29,296 57 1.89 (1.53-2.33)

*Age- and sex-adjusted incidence rates per 10,000 person-years

T Multivariate model adjusted for the following covaemat baseline: age, sex, center, educational attaindrekting status, BMI,
sports index, diabetes, hypertension, CHD and HF. Oweoael additionally adjusted for race.
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Table 11.4: Incidence Rates and Hazard Ratios for Atrial Filitlation by Smoking Status and Cigarette-Years of Smoking
Categories, ARIC 1987-2002.

Mean Number of Person-years Incidence Rate* Hazard Ratiot 95% CiI
Cigarette-Years Events
Overall
Never (ref.) 0 270 86,307 28 1.00 ref.
Former, <800 302 221 52,458 33 1.16 (0.96-1.41)
Former, 800 1197 99 10,526 55 1.72 (1.34-2.20)
Current, <800 452 139 34,530 42 1.86 (1.49-2.31)
Current, 800 1149 126 14,328 58 2.10 (1.66-2.67)
Blacks
Never (ref.) 0 60 24,882 22 1.00 ref.
Former, <800 258 30 10,309 25 1.09 (0.67-1.75)
Former, 800 1281 9 1,212 50 1.90 (0.86-4.19)
Current, <800 377 39 11,687 35 1.98 (1.26-3.10)
Current, 800 1233 13 2,377 38 1.85 (0.93-3.68)
Whites
Never (ref.) 0 210 61,425 29 1.00 ref.
Former, <800 313 191 42,150 34 1.17 (0.95-1.45)
Former, 800 1184 90 9,314 54 1.70 (1.30-2.23)
Current, <800 493 100 22,843 46 1.84 (1.43-2.37)
Current, 800 1131 113 11,950 62 2.14 (1.65-2.76)

*Age- and sex-adjusted incidence rates per 10,000 person-years

T Multivariate model adjusted for the following covaemat baseline: age, sex, center, educational attaindrekting status, BMI,

sports index, diabetes, hypertension, CHD and HF. Oweoael additionally adjusted for race.

90



Table 11.5: Summary of Prospective, Population-Based Studiea Smoking and Atrial Fibrillation.

Source Study Source Population Smoking Measure AF Ascertanent Follow-Up

Benjamin, Framingham Heart 5,209 men and women aged 30-62 from  Current vs. Non- ECGs at study clinic exams, 38 years

1994 Study Framingham, MA, USA enrolled in 1948 with current smoking hospital records, outside (max.)
follow-up visits every 2 years physician records

Krahn, 1998’ Manitoba

Wilhelmsen,
2001t

Frost, 2005*"

Heeringa,
2008°2

Follow-Up Study

Multifactor
Primary Prevention
Study

Danish Diet,
Cancer, & Health
Study

Rotterdam Study

3,983 male air crew recruits for pilot training  Ever vs. Never

in the Royal Canadian Air Force aged 18-62 Smoking
years enrolled in 1948 with annual contact by

mail and examinations every 3 to 5 years
7,495 men aged 47-55 years from Goteborg, <15, %15

Sweden enrolled in 1970-73 with 1 follow-up cigarettes/day vs.

visit in 1974-77 and followed through 1996 Non-current smokers

for AF hospitalizations

27,177 men and 29,876 women aged 50-64 Current, Former vs.

years from Copenhagen or Aarhus county,

Denmark enrolled in 1993-97 with follow-up

in the National Registry of Patients and the
Civil Registration System through 2001

Never Smoking

7,983 men and women adsfslyears from
Ommoord (a suburb of Rotterdam),
Netherlands enrolled in 1990-93 with 2
follow-up visits (1993-94, 1997-99)

Never Smoking

Current, Former vs.

ECGs at clinic exams, physician 33 years

report of AF (mean)

Hospitalizations for AF, ECGs at 25.2 years

follow-up clinic examination (mean)

Hospital discharge diagnoses 5.7 years

from the National Registry of (mean)
Patients
ECGs at follow-up exams, 7.2 years
general practitioner and (median)

outpatient clinic files, hospital
discharge diagnoses identified
through national registry
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Table 11.6: Results Summary of Prospective, Population-Bas&tiudies on Smoking and Atrial Fibrillation.

Source Total N AF Events Outcome Measure Relative Rig05% CI) Adjustment Variables
Benjamin, 4731* 226 men Odds Ratiot 1.1 (0.8-1.5) age, diabetes, hypertension, chronic heantdail
1994 (current vs. non-current) valvular heart disease
244 women 1.4 (1.0-2.0)
Krahn, 3982 300 Hazard Ratio 1.37 (1.00-1.87) Age
1995’ (ever vs. never)
Wilhelmsen, 7440 754 Odds Ratio 0.83(0.71-0.97) <15 Age
2001 (<15, >15 cigarettes/day cigarettes/day

VS. non-current)
1.16 (0.73-1.86) 15

cigarettes/day
Frost, 2005" 47,258 372 men§ Hazard Ratio 0.83 (0.64-1.07) current age, height, BMI, education, alcohol, total
(current, former vs. 0.80 (0.62-1.04) former  cholesterol, hypertension treatment, systolic blood
never) pressure
181 womens§ 0.95 (0.66-1.35) current

0.94 (0.65-1.36) former

Heeringa, 5668 371 Hazard Ratio 1.51 (1.07-2.12) current age, sex, BMI, hypertension, systolic blood pressure,
20082 (current, former vs. 1.48 (1.12-1.96) former total cholesterol, diabetes, left ventricular
never) hypertrophy, myocardial infarction, chronic heart

failure, pulmonary medication

* Total number of participants in study. N for multivagiatodels was lower, but was not specifically reporteaterarticle.
T Odds ratio calculated from 2-year pooled logistic regoassihere each examination with its 2-year follow-up e@ssidered a separate person-examination.

§ Total number of AF events in the study; the multiverfgoportional hazards models may have included fevesrtgv
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Figure 11.1: Relative Risks (95%CI) of Atrial Fibrillation in Relation to Smoking

Status.

Current vs. Non-current
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12.0 MANUSCRIPT 3 — A CLINICAL RISK SCORE FOR ATRIAL
FIBRILLATION

12.1 OVERVIEW

Background: Atrial fibrillation (AF) is the most common sustaineardiac arrhythmia
in clinical practice, and is associated with increastemke and cardiovascular morbidity
and mortality. Individuals at high risk of developing Afght benefit from preventive
treatments. A risk score for AF has been recentigldped by the Framingham Heart
Study; however the applicability of this risk score, derifredh whites, to predict new-
onset AF in non-whites uncertain.Methods: We developed a 10-year risk score for
incidence of new-onset AF using risk factors commonly medsarelinical practice
using 14,544 individuals from the Atherosclerosis Risk in @ommties (ARIC) study, a
prospective community-based cohort of blacks and whitései United StatesResults:
During 10 years of follow-up, 514 incident AF events occuriElde following variables
were included in the AF risk score: age, race, bodysnmaiex, height, smoking status,
systolic blood pressure, hypertension medication usage,rhaemur, left ventricular
hypertrophy by electrocardiogram, diabetes, coronary desase, and heart failure.
The area under the receiver-operating characteristiee ¢AUC) of a Cox regression
model including the previous variables was 0.78, suggesting melyegabd
discrimination. The point-based score developed frorfficaats in the Cox model had
an AUC of 0.76. This clinical risk score for AF in tARIC cohort compared favorably

with the Framingham Heart Study’s AF (AUC=0.68), CHD (AWd3), and hard CHD
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(AUC=0.59) risk scores and the ARIC CHD risk score (AUGS80). Conclusion: We
have developed a risk score for AF and have shownheatifferent physiopathologies
of AF and CHD limit the usefulness of a CHD risk scatelentifying individuals at
higher risk of AF. A risk score developed specifically to predict AF maliairisk
stratification of patients and may be used for idemtifan of high risk patients for

enrollment in primary preventive trials of AF.

12.2 INTRODUCTION

Atrial fibrillation (AF) is the most common sustadheardiac arrhythmia in
clinical practice’ AF currently affects more than 2.2 million Americaard the lifetime

risk for development of AF in men and women over 40 yebegje is 1 in 4’ AF is an

2,163 é63,167
)

important risk factor for incident strok and heatrt failur and also carries
poor prognosis in heart failure patiehts.

Risk factors for AF include increasing atfemale gendet?® obesity™*
hypertensiort?** diabetes?**and cardiac structural abnormalities, such as incrdefied
ventricular wall thicknes§. Although some of the previously mentioned risk factors
have been well studied in relation to incident AF on jputattion level, formulae for
predicting a person’s individual risk of AF are scarcéisinformation may aid in risk
stratification and in the selection of appropriate ddaies for preventive therapi&®. A
risk score for AF has been recently developed by the ifigdram Heart Stud$?® The

discrimination of the Framingham risk score was good#@stic=0.78); however, since

the Framingham AF risk score was developed using a wHikericahe utility of this risk
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score to predict 10-year risk of developing AF in non-whgascertain. This is
particularly relevant given the lower risk of AF amdngcks>*?°* Therefore, we aimed
to develop a risk score for predicting AF incidence basetskractors that can be easily
assessed in clinical practice using a cohort of blacts\duites, the Atherosclerosis Risk

in Communities (ARIC) study.

12.3 METHODS

Study Population

The ARIC study is a prospective cohort investigatioredito identify risk
factors for atherosclerosis and cardiovascular désseARIC recruited probability
samples of adults aged 45-64 years from four U.S. commaniEiersyth County, North
Carolina; Jackson, Mississippi; Minneapolis suburbs, Mioteesand Washington
County, Maryland’* Blacks and whites were recruited from Forsyth Coumiy
blacks from Jackson, Mississippi, and predominantly wifiites the other two
communities. A total of 15,792 participants (8710 women, 4266 $)lackre enrolled
from 1987 to 1989, and completed a home interview and clisic vihree triennial
follow-up clinic visits were conducted (1990-92, 1993-95, 1996-98) ddiitian,
participants are followed-up by annual telephone interviewlsaative surveillance of the
ARIC community hospitals. The ARIC study was approvedhbtitutional review
boards at each participating center, and informed comsenbbtained from participants

at every clinic visit.
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Atrial Fibrillation Ascertainment

Electrocardiograms (ECGs) during the baseline visit weeel to identify
individuals with prevalent AF or atrial flutter for exsion. Incident AF diagnoses
within 10 years of the baseline exam were identified fBosources: ECGs performed
during study follow-up visits through 1998, and hospital discharg@de and death
certificates through 10 years of follow-up.

All ARIC examination ECGs were recorded using MAC PGsBeal
Cardiographs (Marquette Electronics, Inc., Milwaukee,.\M)standard supine 12-lead
resting ECG was recorded at least one hour after smtdliagco or ingestion of
caffeine at each clinic visit. ECGs were then tratisoh by modem to the ARIC ECG
Reading Center for computer coding. ECG recordings duritgnfalp that were
computer coded as AF were visually re-checked by a cardibkogconfirm the
diagnosis-"®

Annual follow-up telephone calls were placed to cohotigggants in order to
identify hospitalizations and deaths. In addition, |ldwepitals were surveyed for
potential cardiovascular events. Hospital dischard® d@des were recorded from all
hospitalizations, and AF was identified by an ICD-9 disgeaode of 427.31 or 427.32
among any of the discharge diagnoses. AF was alsafidénthen any listed cause of
death on a death certificate was coded as AF (ICD-942d& or ICD-10 code 148).
AF occurring simultaneously with heart revascular@asurgery (ICD-9 code 36.X) or
other cardiac surgery involving heart valves or septa (I@De2 35.X) was not
considered an incident event and follow-up was continuednoety@t episode for

incident AF not associated with cardiac surgery. Rumalysis within the ARIC cohort
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to determine the validity of hospital discharge diagadse AF reported 84% sensitivity

and 98% specificity for the ascertainment of AF.

Baseline Measurements

Study participants were asked to fast for 12 hours beferelithic visit, during
which a blood sample was obtained and a physical exarpaeviismed. Blood
collection and processing techniques for the ARIC study hage previously
described.”” Enzymatic methods were used to measure total chole§E€pand
triglycerides (TG)."® High-density lipoprotein (HDL) cholesterol was meadure
enzymatically after dextran sulfate-Rigprecipitation of other lipoproteirs® Low-
density lipoprotein (LDL) cholesterol levels were estiadbwith the Friedewald formula
for individuals with TG levels <400 mg/di®> In a scrub suit and without shoes,
standing height and waist circumference (at the lef/de umbilicus) were measured to
the nearest centimeter. Body mass index (BMI) wasulzed as weight (in kilograms)
divided by height (in meters) squared.

Race, smoking status, and drinking status were determingelflrgport. The
sports index for physical activity during leisure time ranfyeth 1 (low) to 5 (high), and
was based on the questionnaire developed by Baeck&®tSsated blood pressures
were measured 3 times in the sitting position after 5 raghat rest using a random-zero
sphygmomanometer, and the last 2 blood pressure measusemeeataveraged.
Participants were asked to bring all medications viagmt during clinic visits. A
prescription bottle or self-report was used to determindesterol and blood pressure

medication use.
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The presence of a systolic or diastolic murmur wastitied during the physical
examination by a trained clinician using a stethoscdpeesting 12-lead ECG was used
to define the P-R interval and presence of left veriridaypertrophy (LVH). ECG-
diagnosed left ventricular hypertrophy was consideredeptefthe Cornell voltage was
>28mm in men or >22mm in woméff. A participant was categorized as diabetic if they
had a fasting glucosel26 mg/dL (or non-fasting glucose a0 mg/dL) or reported a
physician diagnosis of diabetes or were currentlintaknedication for diabetes.
Prevalent CHD at baseline included a history of myochifarction (Ml), Ml
adjudicated from the baseline ECG, or history of canpbgpass or angioplasty.
Prevalent HF was identified using the Gothenburg critéria self-report of HF

medication use in the past 2 weeks.

Statistical Analysis

All analyses were conducted using SAS version 8.2 (Saisdte, Cary, NC).
For the development of this risk score, we considdreddllowing variables at baseline:
age (45 to <50 (reference), 50 to <55, 55 to <60, and 60 to 64 yead9r gewale,
female (reference)), race (black, white (referend&)l (<20, 20 to <25 (reference), 25
to <30, 330 kg/nf), height (<164 (reference), 164 to <17373 cm), waist
circumference (<88/<102 (reference8/102 cm in men/women), sports score (<2.0,
2.0 t0 <3.0, 3.0 to <4.04x0 (reference)), smoking status (current, formergnev
(reference)), drinking status (current, former, nevele(ence)), systolic blood pressure
(<100, 100 to <120 (reference), 120 to <140, 140 to <1660 ymHg), diastolic blood

pressure (<70, 70 to <80 (reference), 80 to <90, 90 to <MD, mmHQ), hypertension
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medication usage (no (reference), yes), total chadgk200 (reference), 200 to <240,
>240 mg/dL), LDL cholesterol (<100 (reference), 100 to <130, 130 to 4B&Dto <190,
>190 mg/dL), HDL cholesterol (<40, 40 to <6@B0>mg/dL (reference)), triglycerides
(<150 (reference), 150 to <20RG0 mg/dL), cholesterol medication usage (no
(reference), yes), heart murmur (no (reference), Yesgrt rate (<60, 60 to <90
(reference), 80 beats per minute (bpm)), P-R interval (<160 (refered&€)to <200,
>200 ms), LVH by ECG (no (reference), yes), diabeteqr@ference), yes), CHD (no
(reference), yes), and HF (no (reference), yes).

Of the 15,792 ARIC participants, we excluded those who wetref black or
white race (N=48), blacks from Minneapolis and Washington GoiN#55), prevalent
AF (N=37) or missing AF status (N=244) at baseline, thade wnreadable ECGs
(N=85), and those with missing values for any variable irfiaaf risk score (N=799).
Person-years of follow-up were computed from the basekaen date until a first AF
diagnosis, death, lost to follow-up, or a follow-up of Bang, whichever came first.
Univariate associations of AF with potential risk fastarere run first using Cox
proportional hazards models. Significant (p<0.05) risk fadt@m the univariate
models were then pooled into 1 multivariate Cox modelaabdckwards stepwise
elimination was used to identify significant predictorsur multivariate model, using
p<0.10 as our significance cut-off level. All possible riattions of risk factors with age
and race were then tested to determine whether theiagsoof a risk factor differed by
age group or race. Interaction tests between riskrfaaentified in our multivariate
model and log of follow-up time confirmed the proportionadrds assumption was met

for our model.
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Once the final Cox model was determined, we followedibthod used by the
Framingham Heart Stuff{f to calculate points associated with each level ofiskr
factors and to determine the 10-year probability of devwedpAF by point total. We
calculated a score for all participants in our dataseglyulating a point total based on
our risk score. The discrimination of both our Cogression model and the actual point-
based risk score was estimated using the area undecé#ereoperating characteristics
curve (AUC)?® The calibration, an estimation of the extent ofpisas assessed by
calculating a chi-square statistic comparing observed aticped number of AF events
in deciles of predicted risk. We additionally calcutagepoint-based score for
participants using the Framingham Heart Study'SRIEHD,**° and hard CHEY® risk
scores, as well as ARIC’s CHD risk scét&?!in order to estimate how well these risk
scores predict AF in comparison to our newly developEdigk score.

Finally, 1000 bootstrap samples were generated, samplingdndis with
replacement, in order to compare our Cox regression noded¢ point-based score and
to conduct an internal validation of our risk score. Tiiaeine if the Cox regression
model provided better discrimination than the point-basekseee calculated the
difference between the 1000 pairs of AUC’s obtained frisgrpbotstrap samples and
ranked these differences to get a confidence intervalhéodifference between the two
methods. Bootstrapping methods provide more stable estimilelswer bias
compared to other methods of internal validatitfnHowever, since we used the same
cohort to generate the 1000 bootstrap samples for validattiour risk score as we used
to develop the risk score, we adjusted our AUC obtainethéinternal validation for
optimism?*
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12.4 RESULTS

After exclusions, 14,544 individuals remained at risk of Ariring 10 years of
follow-up, 514 incident AF events occurred. The baselineacteristics of the study
sample, along with age-, race-, and sex-adjusted heatawd for AF by potential risk
factor category, are presented in Table 12.1. The riskvelal@ing AF increased
monotonically with increasing age, systolic and diastagtod pressure, and was greater
among males and whites. An increased risk of AF wassakso among smokers, those
with obesity, a heart murmur, LVH, diabetes, CHD, afid &hd in those in the tallest
tertile of height, the highest heart rate categangl the longest P-R interval category.
Plasma lipids, except for very low HDL and very high BBorts exercise, and drinking
status did not appear to be associated with AF risk.

The final risk score model included the following variablage, race, BMI,
height, systolic blood pressure, hypertension medicatiensmsoking status, heart
murmur, LVH by ECG, diabetes, CHD, and HF. In additiwa,found an interaction
with race and LVH, along with interactions of diabeted CHD with age. Table 12.2
lists all risk factors in our risk score, along withisiderived for each category. The
oldest age group (60-64) had the highest points assigned ashkrgctor category.
Blacks were given a point value of -5, indicating a Ionsk of developing AF compared
to whites. In addition, the association of LVH witl Mcidence differed by race; the
presence of ECG-diagnosed LVH increased the probabilitigedloping AF in whites,
but not blacks. Also, diabetes and CHD were associat&dAkitin younger individuals,
but not among the oldest individuals in our cohdBased on our risk score, a person’s

total score for predicting AF may range from -9 to 48. TIbweear predicted probability
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of developing AF by total risk score is presented in Table 1iadviduals scoring 5
points or less had a 10-year predicted probability of devejodinof less than 5%,
whereas those scoring 15 points or more had greateR®arpredicted probability of
developing AF in 10 years. As the majority of particigantour study scored less than
17 points (89%), 10-year predicted risks of AF for individealres above 17 were not
reported.

The final Cox regression model had an AUC of 0.78, inohigagood
discrimination. The predicted number of AF events en18-year risk deciles were
similar to the observed evenig<6.84, p>0.10). The point-based score developed from
the Cox regression model had an AUC of 0.76, which vesstally significantly lower
than the Cox regression model. However, the caidraif the point-based score was
not good £’=42.93, p<0.001). Figure 12.1 depicts the observed and expected A even
by decile of predicted risk for both the Cox regressi@d@hand the point-based score.
The 7" and 9" deciles of predicted risk appeared to contribute mosetpabr
calibration for the point-based score, followed by thesd 18' deciles; in the
remaining deciles, the expected number of AF events suariar to the observed
number of events. The internal validation of our ssre, based on 1000 bootstrap
samples adjusted for optimism, revealed an AUC of 0.77 (85%.75-0.79) for the Cox
regression model and an AUC of 0.76 (95% ClI, 0.74-0.78) fopdhe-based score,
indicating that our score would perform well in individuatsnh populations similar to
the ARIC cohort.

In addition to developing a risk score for AF in thel& cohort, we also

calculated scores for all participants based on themfigham Heart Study’s A#?
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CHD,?* and hard CHE®risk scores, as well as ARIC’s CHD risk sc6i¥'to
determine whether these previously published risk scores pi€dietar risk of AF as
well as our AF risk score (Table 12.4). The Framinghdnrigk score predicted AF in
the ARIC cohort, with an AUC of 0.68. The Framinghammmsk score had better
discrimination for AF in whites (AUC=0.69) compared todiis (AUC=0.65). Finally,
the 10-year probability of developing AF was not predictedl ly the Framingham
CHD (AUC=0.63) or hard CHD (AUC=0.59) risk scores, or tii@ CHD (AUC=0.58)

risk score.

12.5 DISCUSSION

We developed a 10-year risk score for incidence of AF uskdactors
commonly measured in clinical practice in a prospedommunity-based cohort of
blacks and whites. The risk score had good discriminatidh,AWC’s of 0.78 for the
Cox regression model and 0.76 for the point-based setrelated based on the Cox
regression model. As expected, in comparison to thmiRgham AF risk scoré? our
risk score better predicted who would develop AF in theG\&dhort. In addition, the
prediction of AF using the Framinghdm?*°and ARIC**?*'CHD risk scores was not
good, suggesting an AF-specific score is necessary to prathatual risk of AF.

We developed our AF risk score in a cohort that included blacks and whites.
AF has been reported to be less common among blacksacednp whites, with
prevalence of AF in blacks almost half that of whites®*®” We found a similar

difference in AF risk by race. Yet, most other risgtas predicted AF similarly by race.
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Unlike the Framingham AF score, we did not find P-R wdkto predict AF risk. In
addition to the other variables in the Framingham Aftescwe found height, smoking
status, ECG-diagnosed LVH, diabetes, and CHD to predicteince of AF. ECG-
diagnosed LVH increased the risk of AF in whites, but didappear to contribute to 10-
year incidence of AF in blacks. A clear explanationthis racial difference is not
evident; however, it is possible that the diagnosis\viil by ECG results in mor&alse
positives in blacké' It also appeared that diabetes and CHD contributed morE to A
risk in younger individuals. This may reflect more sasi disease among individuals
diagnosed at younger ages or fewer competing risk factsslting in a greater
proportion of AF risk attributed to diabetes or CHD amoogng individuals.

The Framingham 10-year risk score for CHD is widely usieitally and has
been shown to predict CHD well in other cohorts withetI8, Australia, and New
Zealand?™ However, we have shown that CHD risk scores areffettive at predicting
AF risk. CHD and AF share some common risk factord) aschypertension, diabetes,
and obesity, but others, such as lipids, seem importaheidevelopment of CHD only.
This highlights the importance of a separate risk s@peddict AF and, potentially, the
need to develop different preventive interventions.

A recent workshop on prevention of atrial fibrillaticmcommended the
development and validation of incident AF risk predictiomdels across cohorts to
enhance the understanding of the epidemiology of AF aadwance AF prevention
researci’® A risk score for AF, such as our risk score developewjusie ARIC cohort,
may prove useful for identification of high risk patietdsnclude in primary preventive

trials of AF. In turn, the results of these preventnads may provide insight into what
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interventions are most effective in preventing AF aray imelp influence treatment
guidelines for the primary prevention of AF.

We developed a risk score for AF using clinical risk festbat are easily and
readily available. We acknowledge that the addition oege variants or biomarkers
may have improved the ability of our risk score to cdlyedassify those at greatest risk
of developing AF; however, we did not include these varsabézause they are less
likely to be consistently measured in primary carehe©possible candidates for
inclusion in an AF prediction model include single nucleopdmorphisms (SNPs) on
chromosome 4925, which carry an approximately 1.4 to 1.7-foldased risk of AF per
variant copy,”*°or inflammatory™°?or neurohormonat biomarkers. Compared to the
lowest quartile, the highest quartile of C-reactive profeiRP}°® and fibrinogefi’
increase the risk of incident AF approximately 30%, and@®-fespectively. In
addition, B-type natriuretic peptide (BNP) and plasma Mxieal pro-atrial natriuretic
peptide (N-ANP) levels predict AF risk, with values abtive 8" percentile
corresponding to twice the risk of incident AF comparedstaes below the 80
percentileé’® The addition of several biomarkers to the traditioisi factors has been
shown to increase the predictability of CHD risk scGt&8?**however, the addition of
any one biomarker to these risk scores had less impdtbbugh it is likely that genetic
factors and biomarkers may increase the predictabilibuofisk score for AF, the
addition of these variables may not increase the geddiity enough to be considered a
useful and cost-effective addition to this AF risk scor

Our study has several strengths, specifically the lgrgaylation-based cohort of

blacks and whites; however, we also acknowledge sevaitdtions. First, it is possible
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that some incident AF events were missed becaugseajoeity of AF events were
ascertained by hospital discharge records. Howevee sicidence rates of AF in ARIC
are similar to those from other cohgftand associations of genetic risk factors and AF in
ARIC are similar to those found in cohorts relying monestudy exam ECGs for
identification of AF event$* we believe the underascertainment of AF events ifCARI
was likely minimal. Second, our risk score was develapedbi-racial cohort, and
although our risk score may be useful for black and whitematiit may not be useful
for individuals of other racial or ethnic backgrounds. &ample, AF appears to be less
prevalent in Asiarf8’® compared to whites. The development of an AF riskesitoa
multi-racial cohort would have been preferable becauseuld have further improved
the generalizability of our risk prediction score. Ald@e majority of studies on AF have
been in primarily white cohorts from the U.S. and Europbus, the development of a
risk score in a multi-racial cohort would also providens insight into racial differences
in AF. For example, AF appears to be less prevalefsians®®"® Hispanic$* and
blacks>*%*®"compared to whites, but information on racial differsnceAF is limited.
Third, the limited age range of our population at basefibe4 years, limits the
generalizability of our risk score to older individualourth, only 1 measure of AF risk
factors was used to develop our risk score. Therefoselassification of exposure as
risk factors change over follow-up may result in po@rediction of AF, and a risk score
that accounts for changes in risk factors over timg bedter predict AF risk. Finally,

the external validation of our risk score using otherdshmay have provided better
information on the generalizability of our risk scorel avhether it predicts well in other

populations.
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AF is an important public health problem, and an esticha@million Americans
will have AF by the year 2055. Prevention of AF is important, particularly because i
carries an increased risk of strdkeHF,* and deatf:* The different physiopathologies
of AF and CHD limit the usefulness of a CHD risk scatelentifying individuals at
higher risk of AF. Therefore, a risk score developed specifically to predictmay be
useful in the risk stratification of patients and ie tlentification of high risk patients for

enrollment in primary prevention trials of AF.

108



12.6 TABLES AND FIGURES

Table 12.1: Baseline Prevalences of Potential Atrial Fibtation Risk Factors and
Hazard Ratios for Atrial Fibrillation, ARIC 10-Year Follow-Up .

Risk Factor N(%) AF cases (N) Hazard Ratio
(95% CI)*
Age, years
45 to <50 3897 (26.8) 46 1.00 (ref)
50 to <55 3770 (25.9) 95 2.09 (1.47-2.97)
55 to <60 3556 (24.5) 129 2.91 (2.08-4.07)
60 to 64 3321 (22.8) 244 5.92 (4.32-8.11)
Race
Black 3861 (26.5) 82 0.59 (0.47-0.75)
White 10638 (73.5) 432 1.00 (ref)
Gender
Male 6505 (44.7) 324 1.91 (1.60-2.29)
Female 8039 (55.3) 190 1.00 (ref)
BMI, kg/m?
<20 469 (3.2) 14 1.22 (0.70-2.13)
20 to <25 4318 (29.7) 121 1.00 (ref)
25 to <30 5731 (39.4) 200 1.12 (0.89-1.40)
>30 4026 (27.7) 179 1.78 (1.41-2.25)
Height, cm
<164 4891 (33.6) 114 1.00 (ref)
164 to <173 4673 (32.1) 142 1.28 (0.97-1.69)
>173 4980 (34.3) 258 1.92 (1.38-2.66)
Waist, cm
<88/102 (women/men) 6795 (46.7) 209 1.00 (ref)
>88/102 (women/men) 7746 (53.3) 304 1.54 (1.29-1.85)
Systolic blood pressure, mmHg
<100 1317 (9.1) 23 0.82 (0.53-1.27)
100 to <120 6180 (42.5) 153 1.00 (ref)
120 to <140 4849 (33.3) 196 1.42 (1.15-1.76)
140 to <160 1647 (11.3) 103 2.16 (1.68-2.80)
>160 551 (3.8) 39 2.64 (1.84-3.80)
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Diastolic blood pressure, mmHg

<70

70 to <80
80 to <90
90 to <100
>100

Hypertension medication use

No
Yes
Total cholesterol, mg/dL
<200
200 to <240
>240
LDL cholesterol, mg/dL
<100
100 to <130
130 to <160
160 to <190
>190
HDL cholesterol, mg/dL
<40
40 to <60
>60
Triglycerides, mg/dL
<150
150 to <200
>200
Cholesterol medication use
No
Yes
Sports Exercise
<2.0
2.0to <3.0
3.0to <4.0
.0
Smoking status
Never
Former
Current

5327 (36.6)
5227 (35.9)
2888 (19.9)
790 (5.4)
311 (2.2)

10100 (69.4)
4444 (30.6)

5409 (37.5)
5430 (37.7)
3576 (24.8)

2257 (15.9)
4045 (28.5)
4236 (29.8)
2377 (16.7)
1291 (9.1)

3862 (26.8)
6727 (46.7)
3828 (26.5)

14051 (97.4)
228 (1.6)
139 (1.0)

14044 (97.1)
422 (2.9)

4102 (28.3)
6295 (43.4)
3407 (23.5)
695 (4.8)

6058 (41.6)

4691 (32.3)
3795 (26.1)

110

173
178
113
34

16

239
275

181
205
127

63
137
160
94
40

215
212
86

488
12
13

488
22

143
222
122

26

150
202
162

0.93 (0.75-1.15)
1.00 (ref)
1.23 (0.97-1.56)
1.54 (1.06-2.23)
2.04 (1.21-3.44)

1.00 (ref)
2.54 (2.13-3.03)

1.00 (ref)
1.02 (0.84-1.25)
0.95 (0.76-1.20)

1.00 (ref)
1.05 (0.78-1.41)
1.06 (0.79-1.42)
1.04 (0.76-1.44)

0.89 (0.60-1.33)

1.78 (1.36-2.34)
1.17 (0.90-1.51)
1.00 (ref)

1.00 (ref)
1.27 (0.72-2.26)
2.62 (1.51-4.54)

1.00 (ref)
1.20 (0.78-1.84)

1.22 (0.80-1.86)

1.11 (0.73-1.66)

0.96 (0.63-1.46)
1.00 (ref)

1.00 (ref)
1.28 (1.02-1.60)
1.68 (1.35-2.11)



Drinking status
Never
Former
Current

Heart rate, bpm
<60
60 to <90
>90

P-R Interval, ms
<160
160 to <200
>200

Left ventricular hypertrophy
No
Yes

Murmur
No
Yes

Diabetes
No
Yes

Coronary heart disease
No
Yes

Heart failure
No
Yes

3617 (25.0)
2740 (18.9)
8134 (56.1)

3603 (24.8)
10584 (72.7)
357 (2.5)

6299 (43.3)
6894 (47.4)
1350 (9.3)

14219 (97.7)
325 (2.3)

13461 (92.5)
1083 (7.5)

12807 (88.1)
1737 (11.9)

13856 (95.3)
688 (4.7)

13875 (95.4)
669 (4.6)

101
126
284

136
354
24

200
246
68

487
27

445
69

405
109

440
74

450
64

1.00 (ref)
1.25 (0.95-1.63)
0.97 (0.76-1.23)

1.00 (0.82-1.23)
1.00 (ref)
2.03 (1.34-3.07)

1.00 (ref)
1.03 (0.86-1.25)
1.41 (1.07-1.87)

1.00 (ref)
2.75 (1.85-4.09)

1.00 (ref)
1.92 (1.49-2.48)

1.00 (ref)
1.86 (1.50-2.31)

1.00 (ref)
2.21 (1.72-2.85)

1.00 (ref)
3.05 (2.34-3.97)

* Hazard ratios are adjusted for sex, race, and continagels
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Table 12.2: Points Assigned to Atrial Fibrillation Risk Facbr Categories, ARIC.

Risk Factor Points Risk Factor Points
Age, years Smoking status
45 to <50 0 Never 0
50 to <55 3 Former 1
55 to <60 5 Current 3
60 to 64 9 Heart murmur
Race No 0
Black -5 Yes 2
White 0 Left ventricular hypertrophy
BMI, kg/m? No
<20 -1 Yes, white race 6
20to <25 0 Yes, black race 0
25t0 <30 1 Diabetes
>30 3 No
Height, cm Yes, age 45 to <50 4
<164 0 Yes, age 50 to <55 5
164 to <173 2 Yes, age 55 to <60 1
>173 5 Yes, age 60 to 64 -2
Systolic blood pressure, mmHg Heart failure
<100 -1 No
100 to <120 0 Yes 2
120 to <140 1 Coronary heart disease
140 to <160 3 No 0
>160 4 Yes, age 45 to <50 6
Hypertension medication use Yes, age 50 to <55
No 0 Yes, age 55 to <60 4
Yes 3 Yes, age 60 to 64 0
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Table 12.3: Predicted 10-Year Risk of Atrial Fibrillation by Risk Score, ARIC.

Score Predicted Risk
-9to -7 0%
-6to -1 1%
Oto1l 2%
2t0 3 3%
4t05 4%
6 5%
7 6%
8 8%
9 9%
10 11%
11 13%
12 16%
13 18%
14 22%
15 26%
16 30%
>17 >35%
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Table 12.4: Comparison of Prediction of Atrial Fibrillation in the ARIC Cohort using Various Risk Scores from the ARIC

study and the Framingham Heart Study.

Score AUC Risk Factors in Score

ARIC AF age, race, BMI, height, systolic blood pressuggpertension medication,
Cox model 0.78 smoking status, heart murmur, ECG-beftecntricular hypertrophy, diabetes,
Point-based score 0.76 heart failure, coronaryt desgase

Framingham AE*

Overall 0.68

Whites 0.69

Blacks 0.65
Framingham CHE®

Overall 0.63

Whites 0.63

Blacks 0.66
Framingham Hard CHE®

Overall 0.59

Whites 0.60

Blacks 0.59
ARIC CHD?021! 0.58

age, gender, BMI, systolic blood pressure, hypertensiaticateon,
P-R interval, cardiac murmur, heahifa

age, gender, total or LDL cholesterol,* HDL cholesltesgstolic and diastolic
blood pressure, diabetes, current smoking

age, gender, total cholesterol, HDL cholesteroladigsblood pressure,
hypertension medication, current sngpkin

age, race, gender, total cholesterol, HDL choldswrstolic blood
pressure, hypertension medication, current smoking

* The Framingham CHD score uses either total cholesteroDL cholesterol. In this table, we report AUC’sngstotal cholesterol
in our replication of the Framingham CHD score; AU®&re 0.62 overall, 0.62 in whites, and 0.66 in blacks when usihg LD

cholesterol.
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Figure 12.1: Observed and Expected Atrial Fibrillation Everts by Decile of

Predicted Risk, ARIC.
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13.0 SUMMARY

The objectives of this dissertation were to charagexssociations of AF with
smoking and the MetSyn, and also to develop a 10-yearaask for AF using factors
commonly measured in clinical practice.

The first manuscript aimed to determine if an increas&dbf AF was associated
with the MetSyn and which components contributed mosiReisk. In addition, a racial
difference in the association between the MetSyhAd#awas tested because some
studies have suggested that AF is less common in blaaksvtiites>°>3but blacks have
a higher prevalence of the MetSyn and most of its cowpis than do white§. At
baseline, 45.7% of blacks and 39.6% of whites had the Met&ge- and sex-adjusted
incidence rates for AF among those with the MetSyrevi@wer in blacks than whites
(52 and 62 per 10,000 person-years, respectively); similagynthdence rates were
lower in blacks compared to whites among those withoutgtSyn. However, the
multivariate-adjusted hazard ratios for AF did notetifby race. The MetSyn was
associated with a 1.67-fold increased risk of incident &fpgared to those without the
MetSyn. All individual MetSyn components, except favealted triglycerides, conferred
an increased risk of AF, with elevated blood pressure @unesng to a 2-fold greater
risk of AF, the greatest of all individual componentsadidition, a greater number of
MetSyn components corresponded to higher cumulative piaiesbof AF over up to 19
years of follow-up. Among those with all 5 MetSyn compuots at baseline, a
cumulative risk of AF of 20.4% was observed.

The second manuscript aimed to determine the associdtsomo&ing with

incidence of AF in the ARIC study, and to conduct a syate review of the literature in
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attempt to further understand the relation between sigaad AF. An association
between smoking and CHD has been clearly establi$A@dwever, few studies have
characterized associations of smoking with AF. IH@Rve observed age- and sex-
adjusted incidence rates for AF of 28, 36, and 48 per 10,000rpgears in never,
former, and current smokers, respectively. Ever smokirgased the risk of AF by
approximately 50%, whereas current smoking correspondedaobdirty of AF risk
compared to never smoking. The risk of incident AF iaseel with increasing cigarette-
years of smoking, and among individuals with similar i@tf@-years of smoking, the risk
of AF appeared to be somewhat greater among currentdiraar smokers.
Associations did not differ by race.

We identified 5 prospective studies reporting associatbsmoking and AF in
our systematic review. Of these studies, 2 reportedfisignily increased risks of AF, 2
reported no associations, and the other reported a sentiff increased risk of AF in
women but not men, in relation to smoking. Althougheaichssociation between
smoking and AF is not evident from our systematic revigmitations in study design
could have masked positive associations of smoking anaiidng the 2 null studies.
Therefore, smoking may be an important risk factor 6y But additional prospective
studies are needed to further examine the associatiomoédrsg with incidence of AF.

A 10-year clinical risk score for AF was developed fa third manuscript. The
following variables were included in the risk score: agee, BMI, height, systolic
blood pressure, hypertension medication use, smoking statrs,nurmur, LVH by
ECG, diabetes, CHD, and HF. In addition, interactiwith race and LVH, and of

diabetes and CHD with age were identified in the riskesc ECG-diagnosed LVH
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contributed to increased risk of AF in whites but not blaaks, diabetes and CHD
contributed more to AF risk in younger individuals. Tigcrimination of the risk score
was good, with AUC’s of 0.78 for the Cox regression moddl@76 for the point-based
score derived from the Cox regression parameter essm&cores for ARIC participants
using the Framingham Heart Study’s 28 CHD 2% and hard CHE® risk scores, as

well as ARIC’s CHD risk scor&>**were also calculated in order to estimate how well
these risk scores predict AF. Application of the CHHR scores in the ARIC cohort did
not predict well the 10-year risk of AF, suggesting an AFeigescore is required to
predict individual risk of AF.

These three manuscripts have contributed to thatitex on AF and have
highlighted areas where further research is needed tauindlgrstand the relationships
between potential risk factors and AF. A recent AFksbop identified knowledge gaps
in the prevalence, incidence, lifetime risk, risk éast and prognosis of AF in most
ethnic/racial minority groups, and also in the abilitytedict AF onset in individuaf®
In ARIC, blacks have a lower incidence of AF than wdjiteowever, the lower incidence
of AF in blacks compared to whites was not explained figrént effects of smoking or
of any of the individual components of the MetSyn onb&Bveen race groups.
Therefore, additional studies are needed to investigasemns for the racial differences in
AF incidence. In addition, it appears that smoking tmaan important risk factor for
AF, although few studies have investigated this assogjaiad results of those studies
were conflicting. This again highlights the importantadditional studies to further
enhance our understanding of the relationship between smotdg§Fa Finally, a risk

score for AF, such as the one developed in manuscripay8pmuseful in the
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identification of high risk patients to enroll in primgsgevention trials of AF, an area of

research that has received much less attention thetmaet for AF21®
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APPENDIX: DICTIONARY OF ABBREVIATIONS

AF atrial fibrillation

AFL atrial flutter

AHA American Heart Association

ANOVA analysis of variance

ARIC Atherosclerosis Risk in Communities
AUC area under the receiver-operating charactesisticve
AV atrioventricular

BMI body mass index

BNP B-type natriuretic peptide

CABG coronary artery bypass graft

CHD coronary heart disease

CHF congestive heart failure

Cl confidence interval

COPD chronic obstructive pulmonary disease
CRP C-reactive protein

ECG electrocardiogram

FEV: forced expiratory volume in 1 second
GWAS genome-wide association study
HDL high-density lipoprotein

HF heart failure

HR hazard ratio
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ICD-9
ICD-10
lto

LDL
LVH
MetSyn
Ml
N-ANP

NCEP-ATP 1lI

NHDS
NHLBI
OR
OSA
SNPs
TC
TG

TSH

International Classification of Diseases, tNiRevision
International Classification of Diseases, TieRevision
transient outward potassium current

low-density lipoprotein

left ventricular hypertrophy

metabolic syndrome

myocardial infarction

N-terminal pro-atrial natriuretic peptide

National Cholesterol Education Prograhwrd Adult Treatment
Panel

National Hospital Discharge Survey
National Heart, Lung, and Blood Institute
odds ratio

obstructive sleep apnea

single nucleotide polymorphisms

total cholesterol

triglycerides

thyroid-stimulating hormone
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