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Abstract

We previously reported that incident atrial fibrillation (AF) is associated with an increased
risk of sudden cardiac death (SCD) in the general population. We now aimed to identify pre-
dictors of SCD in persons with AF from the Atherosclerosis Risk in Communities (ARIC)
study, a community-based cohort study. We included all participants who attended visit 1
(1987-89) and had no prior AF (n = 14,836). Incident AF was identified from study electro-
cardiograms and hospitalization discharge codes through 2012. SCD was physician-adjudi-
cated. We used cause-specific Cox proportional hazards models, followed by stepwise
selection (backwards elimination, removing all variables with p>0.10) to identify predictors
of SCD in participants with AF. AF occurred in 2321 (15.6%) participants (age 45—64 years,
58% male, 18% black). Over a median of 3.3 years, SCD occurred in 110 of those with AF
(4.7%). Predictors of SCD in AF included higher age, body mass index (BMI), coronary
heart disease, hypertension, diabetes, current smoker, left ventricular hypertrophy, incre-
ased heart rate, and decreased albumin. Predictors associated only with SCD and not other
cardiovascular (CV) death included increased BMI (HR per 5-unit increase, 1.15, 95% Cl,
0.97-1.36, p = 0.10), increased heart rate (HR per SD increase, 1.18, 95% Cl 0.99—1.41,

p = 0.07), and low albumin (HR per SD decrease 1.23, 95% CI 1.02—1.48, p = 0.03). In the
ARIC study, predictors of SCD in AF that are not associated with non-sudden CV death
included increased BMI, increased heart rate, and low albumin. Further research to confirm
these findings in larger community-based cohorts and to elucidate the underlying mecha-
nisms to facilitate prevention is warranted.
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ARIC data can be also obtained from BioLINCC, a
repository maintained by the National Heart, Lung,
and Blood Institute. The BioLINCC website (https://
biolince.nhlbi.nih.gov/) includes detailed
information about the available data and the
process to obtain such data. Any interested
researcher could obtain a de-identified, minimal
dataset needed to replicate or reprove our study
findings pending ethical approval following any of
the two mentioned mechanisms.
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Introduction

Atrial fibrillation (AF) is the most common chronic arrhythmia in the United States, with an
estimated prevalence of 5.2 million in 2010 [1]. The detrimental complications of AF, includ-
ing a markedly increased risk of stroke, heart failure, and overall mortality, impose a major
public health burden [2,3]. More recently, we have recognized that AF is independently associ-
ated with a 2-fold increased risk of sudden cardiac death (SCD) in community-dwelling adults
[4]. Little is known about the predictors of SCD in AF. Two recent post-hoc analyses of clinical
trial data, one from the ENGAGE-TIMI 48 study (The Effective Anticoagulation with Factor
Xa Next Generation in Atrial Fibrillation—Thrombolysis in Myocardial Infarction 48) and the
other from the RE-LY trial (Randomized Evaluation of Long-Term Anticoagulant Therapy)
[5,6], explored this knowledge gap. In these studies, SCD accounted for 32% and 22% of all
AF-related deaths, respectively. Another study utilized data from a nation-wide health insur-
ance database in Taiwan to assess this relationship [7]. Given limitations of these prior studies,
including the highly selected participants inherent in randomized controlled trials, or in the
Taiwan study, the lack of systematic adjudication of SCD, we extended this area of investiga-
tion among community-dwelling individuals that underwent rigorous adjudication of SCD. In
the present study, we aimed to identify demographic or clinical factors that are associated with
SCD in participants with AF in a community-based prospective cohort study—the Atheroscle-
rosis Risk in Communities (ARIC) Study.

Methods

Study population

The ARIC Study is a prospective community-based cohort study designed to investigate the
determinants of atherosclerosis and its clinical outcomes as well as variations in cardiovascular
(CV) risk factors, medical care, and disease by race and sex [8]. Detailed methods have been
previously published [8]. Briefly, from 1987 to 1989 (ARIC Study baseline), a total of 15,792
adults (55% women, 45-64 years of age) from four US communities (Forsyth County, North
Carolina; Jackson, Mississippi; northwest suburbs of Minneapolis, Minnesota; and Washington
County, Maryland) were enrolled and followed prospectively through examination 5 (2011-
2013). Participants were mostly white in the Washington County and Minneapolis sites, exclu-
sively black in Jackson, and a mix of both races in Forsyth County. In addition to the baseline
examination (1987-1989), the ARIC Study has conducted 4 follow-up examinations (1990-
1992, 1993-1995, 1996-1998, and 2011-2013), along with annual telephone calls to determine
vital status and obtain information on hospitalizations from the previous year. Ongoing surveil-
lance of local hospitals has simultaneously been used to identify hospitalizations of ARIC Study
participants, and trained abstractors have collected information on discharge diagnoses. The
ARIC Study was approved by the institutional review board at each participating center, and
written informed consent was obtained from all participants. A full list of participating institu-
tional review boards can be found in the supporting information (S1 Table).

Of the 15,792 ARIC participants at visit 1, we excluded 103 who were not white or black,
279 with prevalent AF or unreadable ECG, and 574 with missing covariates. After exclusions,
the analysis cohort included 14,836 participants (Fig 1).

Ascertainment of AF

For this study, we used visit 1 (1987-1989) as the baseline visit, and considered only incident
AF occurring after that time. Individuals with AF identified at visit 1 were considered to have
prevalent AF and were excluded from this analysis.
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Fig 1. Flow chart of participants in the atherosclerosis risk in communities study, 1987, and
outcomes of those who developed incident atrial fibrillation. AF indicates atrial fibrillation; CV,
cardiovascular; ECG, electrocardiogram.

https://doi.org/10.1371/journal.pone.0187659.g001

AF diagnoses were obtained from ECGs at study visits and hospital discharge records [9].
At each study exam, a 12-lead ECG was performed and transmitted electronically to the ARIC
ECG reading center at EPICARE (Wake Forest School of Medicine, Winston-Salem, NC) for
review and analysis using the GE Marquette 12-SL program (GE Marquette, Milwaukee, WI).
The presence of AF or atrial flutter in the ECG was identified by a computer algorithm and
confirmed by a cardiologist. If ECGs had any rhythm disorder other than AF, they were over-
read by a cardiologist to reduce any missed episodes of AF. Information on hospitalizations
during follow-up was obtained from annual follow-up calls and surveillance of local hospitals,
with hospital discharge diagnoses codes collected by trained abstractors. AF during follow-up
was considered to be present if the International Classification of Disease 9th revision Clinical
Modification [ICD-9-CM] codes 427.31 or 427.32 were listed in any given hospitalization. AF
cases associated with open cardiac surgery were not included in this study. Previous studies in
the ARIC cohort and other populations have demonstrated adequate validity of discharge
codes for the identification of AF [9,10].

Outcomes ascertainment

All ARIC Study participants were contacted annually by phone, and all hospitalizations and
deaths in the previous year were identified [11]. Comprehensive data were gathered on CV
events and deaths from hospital records; interviews with physicians, next of kin, and/or
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witnesses; death certificates; and autopsy reports, where available. Causes of death were adjudi-
cated by the ARIC Study events committees. An independent review of coronary heart disease
(CHD) deaths [12] was conducted to identify SCD events. The primary outcome, SCD, was
defined in the ARIC Study as a sudden pulseless condition presumed to be due to a ventricular
tachyarrhythmia in a previously stable individual without evidence of a noncardiac cause of
cardiac arrest. All SCD cases occurred outside the hospital or in the emergency department,
and the individuals could not have a life-threatening noncardiac comorbidity or be under hos-
pice care. For unwitnessed deaths, the participant must have been seen within 24 hours of the
arrest in a stable condition and without evidence of a noncardiac cause of cardiac arrest.

In the ARIC Study, all CHD deaths that occurred through 2012, were reviewed by a
panel of 5 physicians to identify SCD events. Each event was independently adjudicated by
2 physicians. If there was disagreement, a third investigator reviewed the event to provide
final classification. After review of available data, CHD deaths were classified as definite
sudden arrhythmic death, possible sudden arrhythmic death, not sudden arrhythmic death,
or unclassifiable [4,11,13]. For the present analysis, SCD was defined as definite or possible
sudden arrhythmic deaths.

Measurement of other covariates

Covariates that have been reported to be associated with an increased risk of SCD in the
broader population of typically non-AF persons were used for this study [5,6,14-17]. We used
covariate measurements from the study visit immediately preceding incident AF diagnosis,
thus from either visit 1, 2, 3, or 4. Definitions of the covariates are detailed in the Supporting
Methods.

Statistical analysis

We report means with standard deviations (SDs) or medians and interquartile ranges (IQR)
for continuous variables and counts with percentages for categorical variables. To evaluate the
association of candidate variables with SCD, non-sudden CV death, and non-cardiovascular
death, we used a cause-specific hazard model—a specific method used in competing risks anal-
ysis—which can be estimated with a Cox regression hazards model [18]. In addition, we per-
formed a sensitivity analysis by fitting the Fine-Gray model, a proportional hazards model for
the subdistribution of competing risks [19]. Except for potassium (taken at visit 1 only), ankle
brachial index (visit 1 and 4), and albumin (visit 1 only), candidate variables were assessed at
the visit just before AF ascertainment. First, we included all variables in the multivariable
model. Next, we used a stepwise selection method (backwards elimination, removing all vari-
ables with a p-value >0.10) to fit the most parsimonious model for predicting SCD. Quadratic
terms were evaluated for continuous variables. We performed the same analyses for non-sud-
den CV death. The proportional hazards assumption was assessed with scaled Schoenfeld
residuals for both graphical and numerical tests, time interaction terms, and inspection of log
negative log survival curves. Modeling assumptions were not violated in any model. Statistical
analysis was performed using SAS version 9.2 (SAS Institute Inc., Cary, NC). All P values
reported were 2-sided.

Results

During a median follow up of 23.3 years, 2321 (16%) developed incident AF. From this subset
of individuals, we identified 110 (4.7%) cases of SCD over a median follow up of 3.3 years from
the time of incident AF. A total of 375 non-sudden CV deaths occurred (Fig 1).
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Table 1. Characteristics of ARIC study participants at visit preceding AF diagnosis, stratified by mode of death.

Variables

Age, years (SD)

Men

Black race

Body mass index, kg/m? (SD)
Coronary heart disease
Heart failure
Hypertension

Diabetes

Current smoker

eGFR, ml/min/1.73m? (SD)
LVH by ECG criteria
Heart rate, bpm (SD)
QTc interval, ms (SD)
HDL, g/dL (SD)

Beta blockers
Anti-arrhythmics
Digoxin

Potassium level (SD)
ABI <0.9

Albumin, g/dL (SD)

All (n = 2321)
72.3(7.9)
1244 (54)
426 (18)
29.6 (6.1)
378 (16)
105 (5)
1358 (59)
563 (24)
504 (22)
83.6 (18.9)
107 (5)
64.3 (11.9)
424.4 (25.2)
47.2 (16.2)
158 (7)

44 (2)

179 (8)
4.2(0.4)
156 (7)
3.9(0.3)

AF (n =2321)
SCD (n=110)
69.9 (7.6)
66 (60)

29 (26)
31.0(7.2)
42 (38)

9 (8)

81 (74)

50 (45)

30 (27)
81.2 (22.1)
13 (12)

67 (13.0)
428 (26.5)
431 (12.3)
16 (15)
3(3)

18 (16)
4.2(0.4)
11 (10)
3.8(0.3)

Non-sudden CV death (n = 375)
71.9(7.5)
195 (52)
102 (27)
29.6 (6.3)
91 (24)

37 (10)
274 (73)
126 (34)
93 (25)
79.3 (21.0)
33 (9)
65.4 (12.5)
429.3 (28.8)
46.5 (16.8)
40 (11)

16 (4)

59 (16)

4.2 (0.5)
32 (9)
3.8(0.3)

Non-CV deaths (n = 786)
71.5(7.5)
482 (61)
139 (18)
29.6 (6.3)
138 (18)
38 (5)

467 (59)
215 (27)
225 (29)
82.3 (20.4)
30 (4)

66.6 (12.8)
425.2 (27.2)
45.7 (16.0)
68 (9)

16 (2)

55 (7)

4.2 (0.5)
66 (8)
3.8(0.3)

Data shown are n (%) unless otherwise indicated. ABI indicates ankle brachial index; AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; bpm,
beats per minute; CV, cardiovascular; dL, deciliter; ECG, electrocardiogram; g, grams; HDL, high density lipoprotein cholesterol; HR, heart rate; LVH, left
ventricular hypertrophy; ms, milliseconds; QTc, corrected QT; SCD, sudden cardiac death; SD, standard deviation.

https://doi.org/10.1371/journal.pone.0187659.t001

Table 1 shows characteristics of ARIC Study participants at the study visit preceding AF
ascertainment, stratified by subsequent SCD occurrence. Mean age + SD was 69.947.6 years in
the SCD group versus 72.4+7.9 years in those without SCD. Blacks comprised 26% of those
with SCD but only 18% of the overall AF population. Comorbid medical conditions were
more prevalent in those with SCD than those without, including increased body mass index
(BMI), CHD, heart failure, hypertension, diabetes, current smoking, LVH, and ankle brachial
index<0.9. Those who developed SCD were also more likely to be on cardiac medications.

Predictors of SCD and non-sudden CV death using cause-specific
hazards models

Table 2 lists the candidate variables, showing multivariable Cox proportional hazards ratios
(HR) for their association with SCD, prior to backwards elimination. In the multivariable cause-
specific method—accounting for non-sudden CV deaths and non-cardiovascular deaths—pre-
dictors of SCD in AF after backwards elimination included higher age, increased BMI, CHD,
hypertension, diabetes, current smoker, LVH, increased heart rate, and decreased albumin

(Table 3).

Table 2 also shows the multivariable HR of candidate variables for non-sudden CV death,
prior to backwards elimination. After backwards elimination, predictors of non-sudden CV
death in AF included higher age, black race, CHD, heart failure, hypertension, diabetes, cur-
rent smoker, LVH, digoxin use, decreased eGFR, and prolonged QTc¢ interval (Table 3).
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Table 2. Multivariable cox proportional hazard ratios (95% confidence interval)* for SCD and non-sudden CV death in ARIC participants with inci-
dent AF.

#SCD=110 # non-sudden CV deaths = 375
Variables' HR (95% Cl) P-value HR (95% Cl) P-value
Age (per 5 years) 1.31(1.09-1.59) 0.005 1.29 (1.16-1.42) <0.0001
Men 1.39 (0.89-2.17) 0.15 1.01 (0.80-1.28) 0.92
Black race 1.53 (0.94-2.49) 0.09 1.75 (1.36-2.25) <0.0001
Body mass index, kg/m? (per 5 unit increase) 1.16 (0.98-1.39) 0.09 0.97 (0.88-1.07) 0.48
Coronary heart disease 3.07 (2.01-4.69) <0.0001 1.64 (1.27-2.12) 0.0001
Heart failure 0.94 (0.45-1.96) 0.87 1.54 (1.06—-2.25) 0.02
Hypertension 1.53 (0.98-2.40) 0.06 1.70 (1.34-2.16) <0.0001
Diabetes 2.28 (1.47-3.52) 0.0002 1.63 (1.27-2.07) <0.0001
Current smoker 1.87 (1.17-2.99) 0.009 1.51 (1.17-1.95) 0.002
eGFR, ml/min/1.73m? (per SD increase) 1.14 (0.94-1.38) 0.19 1.20 (1.08-1.32) 0.0004
LVH by ECG criteria 2.10(1.11-3.98) 0.02 1.39 (0.96-2.03) 0.08
Heart rate, bpm (per SD increase) 1.17 (0.97-1.41) 0.10 1.06 (0.95-1.17) 0.30
QTc interval, ms (per SD increase) 1.07 (0.49-2.35) 0.86 1.59 (1.10-2.31) 0.01
HDL, g/dL (per SD decrease) 1.06 (0.83—-1.36) 0.62 1.00 (0.89-1.13) 0.98
Beta blockers 1.35 (0.76-2.42) 0.31 1.04 (0.73-1.47) 0.84
Anti-arrhythmics 0.69 (0.21-2.33) 0.55 1.05(0.61-1.81) 0.85
Digoxin 1.43 (0.81-2.54) 0.22 1.30 (0.95-1.78) 0.10
Potassium level (per SD increase) 0.91 (0.76-1.09) 0.29 1.04 (0.95-1.15) 0.41
ABI <0.9 0.93 (0.46-1.85) 0.83 0.92 (0.62-1.35) 0.65
Albumin, g/dL (per SD decrease) 1.20 (0.99-1.46) 0.07 1.05(0.94-1.17) 0.39

ABI indicates ankle brachial index; AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; bpm, beats per minute; dL, deciliter; ECG,
electrocardiogram; g, grams; HDL, high density lipoprotein cholesterol; HR, heart rate; LVH, left ventricular hypertrophy; ms, milliseconds; QTc, corrected
QT; SCD, sudden cardiac death; SD, standard deviation.

* Cause-specific analysis

1 Variables measured at visit prior to AF diagnosis

https://doi.org/10.1371/journal.pone.0187659.t002

The predictors significant for SCD but not non-sudden CV death were increased BMI (HR,
1.15,95% CI, 0.97-1.36, p = 0.10) increased heart rate (HR, 1.18, 95% CI 0.99-1.41, p = 0.07),
and low albumin (HR 1.23, 95% CI 1.02-1.48, p = 0.03) (Table 3).

Predictors of SCD and non-sudden CV death using the Fine-Gray
method

S2 Table shows the multivariable HR of candidate variables for SCD, prior to backwards elimi-
nation. After backwards elimination, predictors of SCD in AF using the Fine-Gray method
included higher age, increased BMI, CHD, hypertension, diabetes, current smoker, LVH, and
decreased albumin (S3 Table). S2 Table shows the multivariable HR of candidate variables for
non-sudden CV death, prior to backwards elimination. After backwards elimination, predic-
tors of non-sudden CV death in AF using the Fine-Gray method included higher age, black
race, CHD, heart failure, hypertension, diabetes, current smoker, LVH, digoxin, eGFR, and
QTc interval (S3 Table).

The predictors significant for SCD but not non-sudden CV death were increased BMI (HR
1.14, 95% CI 0.97-1.36, p = 0.10) and low albumin (HR 1.19, 95% CI 1.00-1.42, p = 0.05) (S3
Table).
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Table 3. Parsimonious multivariable cox proportional hazard model* for prediction® of SCD and non-sudden CV death in participants with AF in

the ARIC study.

Variables
Age (per 5 years)

BMI (per 5 unit increase)
Coronary heart disease

Hypertension
Diabetes
Current smoker

LVH by ECG criteria
Heart rate, bpm (per SD increase)
Albumin (per SD decrease)

Race (black)
Heart failure
Digoxin

eGFR (per SD decrease)
QTc interval (per SD increase)

#SCD=110 # non-sudden CV
deaths = 375
HR (95% CI) P-value HR (95% CI) P-value
1.32 (1.11-1.58) 0.002 1.28 (1.16-1.41) <0.0001
1.15(0.97-1.36) 0.10
3.27 (2.20-4.87) <0.0001 1.64 (1.28-2.10) <0.0001
1.69 (1.10-2.61) 0.02 1.68 (1.32-2.12) <0.0001
2.41 (1.59-3.65) <0.0001 1.61(1.28-2.01) <0.0001
1.85(1.18-2.90) 0.007 1.57 (1.24—-2.00) 0.0002
2.30 (1.26-4.21) 0.007 1.41 (0.97-2.04) 0.07
1.18 (0.99-1.41) 0.07
1.23 (1.02-1.48) 0.03
1.76 (1.38-2.23) <0.0001
1.58 (1.09-2.28) 0.02
1.33 (0.99-1.79) 0.06
1.21(1.10-1.33) 0.0002
1.64 (1.15-2.35) 0.006

AF indicates atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; bpm, beats per minute; CV, cardiovascular; ECG,
electrocardiogram; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVH, left ventricular hypertrophy; QTc, corrected QT interval; SCD, sudden

cardiac death; SD, standard deviation.
* Cause-specific analysis

1 Significant predictors were obtained using backwards elimination (p<0.10) of the candidate predictor variables.

https://doi.org/10.1371/journal.pone.0187659.t003

Discussion

In this large community-based prospective cohort study, we found several clinical characteris-
tics that were associated with SCD in participants who developed AF. CHD was the strongest
predictor (>3-fold risk), followed by diabetes and LVH (>2-fold risk), and then higher age,
increased BMI, hypertension, smoking, increased heart rate, and low albumin (<2-fold risk).
Predictors specific to SCD but not non-sudden CV death included increased BMI, increased
heart rate, and low albumin. These results were robust to a sensitivity analysis using the Fine-
Gray method. To our knowledge, there has been only one other investigation—outside of
post-hoc clinical trial data—to assess predictors of SCD in community-dwelling individuals
with AF.

SCD is the most common mode of death in AF patients. In the post-hoc analysis from the
RE-LY trial, which randomized over 18,000 AF patients to either warfarin or dabigatran, the
most common mode of death was SCD, accounting for 22% of total deaths [6]. Similarly, the
post-hoc analysis from the ENGAGE AF-TIMI 48 Trial, which randomized over 21,000 AF
patients to either edoxaban or warfarin, found SCD to be the most common mode of death,
comprising 32% of total deaths [5].

Our work advances current knowledge over published clinical trials (ENGAGE TIMI 48
and RELY), by extending investigation on this topic to community-dwelling individuals. Fur-
ther, unlike the report by Chao et al. which did not account for the competing risk of death
and that was based on a nation-wide insurance database that lacked adjudication of SCD, our
analysis accounted for the competing risk of death and was based on systematic expert adjudi-
cation of SCD. The ENGAGE TIMI 48, RE-LY, and nation-wide study in Taiwan findings
have several similarities and differences compared with our study. Similar to ENGAGE TIMI
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48, we found age, CHD, LVH, higher heart rate, and increased BMI to predict SCD in AF, but
unlike ENGAGE TIMI 48 we did not find an association with digoxin use, heart failure, male
sex, non-use of beta blockers, or peripheral artery disease. Similar to RE-LY, we found CHD
and diabetes to predict SCD in AF, but unlike RE-LY we did not find an association with heart
failure or male sex. Similar to the Taiwan study, we found age, hypertension, and diabetes to
predict SCD in AF, but unlike the Taiwan study we did not find an association with heart fail-
ure, chronic kidney disease, or peripheral artery disease. Heart failure is a potential risk factor
for SCD in patients with AF as heart failure strongly predicts SCD and CV mortality across
many population types [20]. RE-LY and ENGAGE TIMI 48 analyses found strong associations
between heart failure with both SCD and non-sudden CV deaths in AF patients, but in our
study it only predicted non-sudden CV death. The Taiwan study also found heart failure to
predict SCD in AF. In our study, it is possible that the low prevalence of heart failure prior to
AF ascertainment (i.e. 4.5%), along with relatively few SCD events, may have limited statistical
detection.

In both ENGAGE TIMI 48 and our study, higher heart rate was a unique predictor of SCD
and not of non-sudden CV death. A higher resting heart rate is a sign of sympathetic overactiv-
ity, which has been associated with SCD, usually resulting from ventricular arrhythmia
[21,22]. It has also been suggested that ischemic episodes that trigger arrhythmias are more
likely to do so at higher heart rates [22]. f-blockers are well known to reduce sudden arrhyth-
mic death, which may in part be through their heart rate lowering effect [23].

The association between obesity and CV morbidity and mortality is well known [24]. Fur-
thermore, the association between obesity and SCD has been described [17,25]. In our analysis,
we found obesity, as measured by increased BMI, to be uniquely associated with SCD (but not
with non-sudden CV death), whereas the ENGAGE TIMI 48 found obesity to be associated
with both SCD and other CV deaths.

While low albumin is widely known for being a predictor of poor outcomes across a variety
of clinical settings, in our study we found it to be a predictor of SCD but not non-sudden CV
deaths [26]. A prior ARIC study observed an inverse association of albumin with cardiac
death, but did not find an independent association with the incidence of non-fatal myocardial
infarction [16]. A combined analysis from ARIC and the Cardiovascular Health Study also
found low albumin to be an independent predictor of SCD [14]. These findings are in agree-
ment with an analysis from the MRFIT study, which found low albumin levels to be more
strongly associated with CHD mortality (the majority of deaths being SCD) than with nonfatal
myocardial infarction [27]. Therefore, low albumin level appears to be a marker for SCD in
both AF and non-AF populations; the underlying mechanisms, however, are unknown. Fac-
tors that may contribute to hypoalbuminemia include exogenous loss of albumin, albumin re-
distribution, catabolism rate of proteins, and inflammation [28]; these factors may explain the
association of hypoalbuminemia with SCD.

Several electrophysiological mechanisms for the association between AF and SCD have
been postulated. For example, the rapid ventricular rate of AF may reduce ventricular refracto-
riness, thus increasing the excitable gap in an existent reentrant circuit, leading to life-threat-
ening arrhythmias [29]. Also, the irregular rhythm of AF leads to short-long-short sequences
that are intrinsically pro-arrhythmic [30]. AF-related adverse myocardial remodeling, tachy-
cardia-induced cardiomyopathy, and impaired calcium handling are additional possible mech-
anisms [31,32]. Finally, the association could, in part, be influenced by clinical factors such as
higher heart rate, obesity, low albumin, heart failure, and CHD [33]. Our study advances the
field by identifying clinical risk factors for SCD, thus facilitating the potential discovery of
novel SCD prevention strategies in patients with AF.
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The strengths of our study include a prospective community-based investigation with
meticulous physician-adjudication of SCD, the large number of incident AF cases, and exten-
sive measurement of covariates. Several limitations should be noted. Predictor variables were
single measurements, which may be limited by the precision and accuracy of the measuring
instrument and any changes that may have occurred over time. There was a relatively small
number of SCD and non-sudden CV death events in comparison to previously reported clini-
cal trials, which may have limited our ability to identify additional predictors of SCD. In addi-
tion, due to the relatively small number of events, of the 3 predictors of SCD which are not
predictors of nonsudden CV deaths (increased BMI, increased heart rate, and low albumin)
only low albumin is statistically significant at the p = 0.05 level. Although our findings suggest
that increased BMI, increased heart rate, and low albumin may be specific predictors of SCD,
the underlying mechanisms remain unclear. Finally, underdetection of AF may have occurred
in asymptomatic subjects and ascertainment of AF by hospital discharge codes could lead to
false positives. However, with regard to the latter, adequate validity using hospital codes for
the identification of incident AF has been demonstrated in the ARIC Study [9].

Conclusion

In conclusion, our report—based on a large community-based cohort study—found that the
predictors of SCD in persons with AF that are not associated with non-sudden CV deaths
include increased BMI, increased heart rate, and low albumin. These findings will need to be
confirmed in larger community-based cohorts with more SCD and non-sudden CV death
events. Further research to elucidate the underlying mechanisms so as to facilitate discovery of
novel SCD prevention strategies is warranted.
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