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Background: Prior studies have not examined which cardiovascular outcomes most frequently develop
in participants with atrial fibrillation (AF) from population-based cohorts of the elderly.

Methods: This analysis included 4,304 (85% white; 61% women) participants from the Cardiovascular
Health Study who were free of baseline cardiovascular disease. AF cases were identified at baseline and as
time-updated events during follow-up. Kaplan-Meier estimates were used to compute the 1-, 5-, 10-, and
15-year cumulative incidence rates of the following outcomes: coronary heart disease (CHD), myocardial
infarction (MI), heart failure, and ischemic stroke. Cox regression was used to compute hazard ratios (HR)
and 95% confidence intervals (CI) for the association between AF and each outcome.

Results: For all time periods, the cumulative incidence estimates of CHD, MI, heart failure, and ischemic
stroke were higher for those with AF compared with those without AF. Heart failure was the most frequent
outcome in those with AF, while CHD events were the most frequently detected outcome in participants
without AF. Compared with persons who did not have AF, the risk of heart failure was higher in those
with AF (HR = 3.18, 95% CI = 2.78–3.64), and the magnitude of this association was greater than the
other outcomes of interest (CHD: HR = 1.76, 95% CI = 1.54–2.03; MI: 1.40, 95% CI = 1.14–1.71; ischemic
stroke: HR = 1.98, 95% CI = 1.63–2.39).

Conclusions: AF is associated with several adverse cardiovascular outcomes and heart failure is the
most frequently detected event. Potentially, risk factor modification strategies for the primary prevention
of heart failure will reduce the morbidity and mortality associated with AF. (PACE 2016; 39:907–913)

atrial fibrillation, outcomes, epidemiology

Introduction
Atrial fibrillation (AF) is the most common

arrhythmia encountered in clinical practice and
its prevalence is expected to double by the
year 2050.1 This arrhythmia is a major public
health problem associated with many comorbid
conditions and it places a significant financial
burden on the health care system.2 Additionally,
numerous reports have shown that AF is associ-
ated with an increased mortality risk.3–9 Although
mortality from AF classically has been associated
with stroke,10 recent reports have identified other
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conditions that likely contribute to the excess
risk of death, including heart failure11,12 and
myocardial infarction (MI).13–15 The underlying
link between AF and cardiovascular events has
been linked to common risk factors,16 autonomic
imbalances,17,18 inflammation,19 and abnormali-
ties in hemostasis.20

AF has been associated with an increased risk
of MI, heart failure, stroke, and mortality in popu-
lations of women and Medicare beneficiaries.6,21

However, the event-specific risks of adverse
cardiovascular outcomes associated with AF have
not been reported in population-based cohorts
of older adults. Due to the expected growth
in persons 65 years and older,22 knowledge
of common conditions associated with AF is
of paramount importance for physicians and
public health officials with aims of reducing
the current and future burden of AF. Therefore,
this study aimed to examine the risk of adverse
cardiovascular outcomes associated with AF in the
Cardiovascular Health Study (CHS) to determine
which events are most frequent and likely to
negatively impact survival in older adults.

©2016 Wiley Periodicals, Inc.
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Methods
Study Population

Details of CHS have been previously
described.23 Briefly, CHS is a prospective pop-
ulation-based cohort study of risk factors for
coronary heart disease (CHD) and stroke in
individuals 65 years and older. A total of
5,888 participants with Medicare eligibility were
recruited from four field centers located in
the following United States locations: Forsyth
County, NC; Sacramento County, CA; Washington
County, MD; and Pittsburgh, PA. Participants were
followed with semiannual contacts, alternating
between telephone calls and surveillance clinic
visits. CHS clinic exams ended in June 1999
and since that time two yearly phone calls to
participants have been used to identify events
and collect data. The institutional review board
at each site approved the study and written
informed consent was obtained from participants
at enrollment.

In this analysis, we examined the association
between AF and several adverse cardiovascular
outcomes (e.g., CHD, MI, heart failure, and
ischemic stroke). Participants were excluded if
any of the following criteria were met: baseline
CHD, MI, heart failure, and ischemic stroke were
present; baseline covariate data were missing; or
follow-up data were missing.

Atrial Fibrillation

Baseline AF cases were identified during the
initial study electrocardiogram tracing or through
a self-reported history of a physician diagnosis. In-
cident AF cases were identified during the annual
study electrocardiograms that were performed
annually until 1999. Additionally, hospitalization
discharge data were used to identify AF cases
using International Classification of Diseases
codes 427.31 and 427.32. AF cases that were
identified after the baseline study visit were
included as time-updated events if they occurred
prior to each outcome of interest.

Outcomes

The outcomes of interest were the develop-
ment of CHD, MI, heart failure, and ischemic
stroke. The ascertainment and adjudication of
baseline and incident cases of cardiovascular
disease events in CHS have been previously
described.24–26 Adjudicated incident CHD was
defined as one of the following: fatal or nonfatal
MI, angina pectoris without MI, coronary revascu-
larization procedures (angioplasty and coronary
artery bypass graft surgery), or other fatal CHD
events. Fatal and nonfatal heart failure events were
determined from both the physician diagnosis

and/or treatment defined by a current prescription
for typical therapies (e.g., diuretics, digitalis, and
vasodilators). Additionally, typical symptoms,
signs, and chest x-ray findings of heart failure
were reviewed by the CHS Events Committee.
All suspected stroke events and stroke-related
deaths were reviewed by the Cerebrovascular
Adjudication Committee, and included fatal and
nonfatal ischemic strokes. A detailed description
of the ascertainment of each clinical event is
described in the Supporting information.

Covariates

Participants’ characteristics were collected
during the initial CHS interview and question-
naire. Age, sex, race, income, education, and
smoking status were self-reported. Annual income
was dichotomized at $25,000 and education
was dichotomized at “high school or less.”
Smoking was defined as current or ever smoker.
Participants’ blood samples were obtained after a
12-hour fast at a local field center. Measurements
of total cholesterol, high-density lipoprotein
cholesterol, and plasma glucose were used in this
analysis. Diabetes was defined by a self-reported
history of a physician diagnosis, a fasting glucose
value � 126 mg/dL, or by the current use of
insulin or oral hypoglycemic medications. Blood
pressure was measured for each participant in the
seated position and systolic measurements were
used in this analysis. The use of aspirin and
antihypertensive medications were self-reported.
Body mass index was computed as the weight in
kilograms divided by the square of the height in
meters.

Statistical Analysis

Categorical variables were reported as fre-
quency and percentage while continuous variables
were recorded as mean ± standard deviation.
Statistical significance for categorical variables
was tested using the χ2 method and the Student’s
t-test for continuous variables. Comparisons were
examined between participants with and without
AF. We examined the association between AF
and each outcome. Follow-up time was defined
as the time from the initial study exam until
one of the following: outcome of interest, death,
loss to follow-up, or end of follow-up (December
31, 2010). For time-updated AF events, the time
between the baseline visit and AF diagnosis was
considered as non-AF follow-up. AF events that
occurred within 30 days of the outcome of interest
were not included, as these events were possibly
related to the development of each outcome
rather than AF influencing its development.
Kaplan-Meier estimates were used to compute the
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1-, 5-, 10-, and 15-year cumulative incidence
estimates of each outcome among those with
and without AF.27 Cox regression was used to
compute hazard ratios (HR) and 95% confidence
intervals (CI) for the association between AF and
each outcome, separately. Multivariable models
were constructed as follows: Model 1 adjusted for
age, sex, race, education, and income; Model 2
adjusted for Model 1 covariates plus body mass
index, high-density lipoprotein cholesterol, total
cholesterol, smoking, systolic blood pressure, dia-
betes, aspirin, and antihypertensive medications.
The proportional hazards assumption was not
violated in our analyses. Statistical significance
was defined as P < 0.05. SAS Version 9.4 (SAS
Institute, Cary, NC, USA) was used for all analyses.

Results
A total of 4,304 (85% white; 61% women) par-

ticipants were included in the final analysis. There
were 1,321 (31%) participants with evidence of
AF during the study period. Of these, 172 (13%)
AF cases were identified at baseline. The baseline
characteristics stratified by the presence of AF are
shown in Table I.

Over a median follow-up of 11 years, a
total of 1,561 CHD events, 761 MIs, 1,293 cases
of heart failure, and 633 ischemic strokes were
detected. The 1-, 5-, 10-, and 15-year cumulative

Table II.

1-, 5-, 10-, and 15-Year Cumulative Incidence Estimates
Cardiovascular Outcomes

1-Year 5-Year 10-Year 15-Year

Atrial fibrillation
CHD 5.6% 25% 46% 57%
Myocardial infarction 2.3% 11% 20% 25%
Heart failure 6.6% 26% 50% 65%
Ischemic stroke 3.1% 11% 21% 28%

No atrial fibrillation
CHD 2.1% 14% 27% 40%
Myocardial infarction 0.97% 6.0% 13% 21%
Heart failure 1.0% 7.1% 18% 29%
Ischemic stroke 0.91% 4.9% 11% 16%

CHD = coronary heart disease.

incidence estimates of each outcome are shown in
Table II and depicted in Figure 1. Heart failure
was the most frequent outcome in those with
AF, while CHD events were the most frequently
detected outcome in those without AF. For all
time periods, the cumulative incidence estimates
of each outcome were higher for those with AF
compared with those without AF.

Table I.

Characteristics (N = 4,304)

AF No AF
Characteristic (n = 1,321) (n = 2,983) P Value*

Age (years)
65–70 (%) 544 (41) 1,406 (47)
71–74 (%) 329 (25) 709 (24)
75–80 (%) 309 (23) 614 (21)
>80 (%) 139 (11) 254 (8.0) 0.002

Male (%) 594 (45) 1,103 (37) <0.001
Black (%) 141 (11) 486 (16) <0.001
Education, high school or less (%) 737 (56) 1,679 (56) 0.76
Income, <$25,000 (%) 797 (60) 1,872 (63) 0.13
Current or former smoker (%) 692 (52) 1,571 (53) 0.87
Diabetes (%) 213 (16) 388 (13) 0.010
Systolic blood pressure, mean ± SD (mm Hg) 140 ± 21 139 ± 20 0.010
Body mass index, mean ± SD (kg/m2) 27 ± 4.1 26 ± 4.0 0.037
HDL cholesterol, mean ± SD (mg/dL) 54 ± 15 56 ± 16 0.004
Total cholesterol, mean ± SD (mg/dL) 209 ± 39 214 ± 39 <0.001
Antihypertensive medication use (%) 578 (44) 1,111 (37) <0.001
Aspirin use (%) 407 (31) 833 (28) 0.054

*Statistical significance for continuous data was tested using the Student’s t-test and for categorical data was tested using the χ2 test.
AF = atrial fibrillation; HDL = high-density lipoprotein; SD = standard deviation.
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Figure 1. Cumulative incidence of cardiovascular outcomes associated with atrial fibrillation. 1-, 5-, 10-, and 15-year
cumulative incidence estimates of CHD (A), MI (B), heart failure (C), and (D) ischemic stroke for those with and
without AF are shown.
AF = atrial fibrillation; CHD = coronary heart disease; MI = myocardial infarction.

In a multivariable Cox regression model
adjusted for potential confounders and cardio-
vascular disease risk factors, AF was associated
with all outcomes examined (Table III). The
magnitude of the risk for heart failure events was
higher than that observed for other outcomes. The
multivariable HRs for each outcome are shown in
Table III.

Discussion
In this cohort of older adults, our findings

confirm that an increased risk of CHD, MI, heart

failure, and ischemic stroke exists in persons
who have AF. Additionally, we have identified
heart failure as the most frequently detected
cardiovascular outcome in community-dwelling
older adults with AF.

Although the mortality associated with AF
has improved over the past 50 years,8 AF
remains an important public health problem
due to the projected increases in its prevalence
and the significant financial burden it places
on the health care system.1,2 Several reports
have demonstrated that AF is associated with

Table III.

Risk of Cardiovascular Outcomes Associated with Atrial Fibrillation

Model 1* Model 2†

Outcome Events HR (95% CI) P Value HR (95% CI) P Value

Coronary heart disease 1,561 1.77 (1.54–2.03) <0.001 1.76 (1.54–2.03) <0.001
Myocardial infarction 761 1.41 (1.16–1.73) <0.001 1.40 (1.14–1.71) 0.001
Heart failure 1,293 3.29 (2.87–3.76) <0.001 3.18 (2.78–3.64) <0.001
Ischemic stroke 633 2.05 (1.70–2.48) <0.001 1.98 (1.63–2.39) <0.001

*Adjusted for age, sex, race, education, and income.
†Adjusted for Model 1 covariates plus smoking, systolic blood pressure, diabetes, body mass index, total cholesterol, high-density
lipoprotein cholesterol, aspirin, and antihypertensive medications.
CI = confidence interval; HR = hazard ratio.
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a significant mortality risk,3–9 and identified
CHD,14 MI,13–15 heart failure,5,11,12 and stroke4–6,28

as conditions that likely influence mortality in
this population. Our findings confirm that the
aforementioned outcomes are common in persons
with AF from a community-based sample of older
adults. Additionally, we identified heart failure as
the most frequent cardiovascular outcome in older
adults with AF, and this finding is in agreement
with a retrospective analysis of a nationally
representative sample of fee-for-service Medicare
beneficiaries.21

Prior reports from population-based cohort
studies have examined the association of AF with
various cardiovascular outcomes in isolation. To
our knowledge, none have attempted to determine
which events are most commonly associated
with AF in a population-based cohort of elderly
participants, or compared the magnitude of the
risk for each outcome. One report from the Ren-
frew/Paisley Study in Scotland showed that AF
was an independent predictor of cardiovascular
events (Relative Risk (RR) = 3.0, 95% CI = 2.1–
4.2), fatal and nonfatal strokes (RR = 3.2, 95% CI
= 1.0–5.0), and heart failure (RR = 3.4, 95% CI =
1.9–6.2) over 20 years of follow-up in men
and women between 45 and 64 years of age.5
However, the aforementioned study was limited as
it included a younger population than the current
report, and was limited to residents of Scotland.
Another report examined the frequency of adverse
cardiovascular events in patients with AF but that
study was limited to persons with the arrhythmia
and no comparison was made between those with
and without AF.21 In contrast, the data presented
in this analysis demonstrate that the most frequent
cardiovascular outcome differs by the presence
of AF, as persons with AF were more likely to
develop heart failure, and persons without AF
were more likely to develop CHD. Our results also
are generalizable to the black and white elderly
persons of the United States, and are not limited
to specific populations.

Overall, heart failure was the most frequent
outcome among those with AF. Heart failure
has been recognized as a vastly underreported
cause of death in the general population.29 This
suggests that the development of heart failure in
AF possibly plays a larger role in the excess risk
of death observed in AF than previously thought.
This is supported by data from the Framingham
Heart Study that showed the mortality risk in AF
increases considerably with the development of
heart failure.11 AF also was associated with several
adverse cardiovascular outcomes that negatively
influence survival. Overall, these findings suggest
that AF is a marker for terminal illness rather than
a disease that independently influences mortality.

Data from Olmstead County, Minnesota, which
showed that the excess risk of death with AF
was limited to the first 90 days of diagnosis
but not 1 year after AF diagnosis support this
hypothesis.7 Nonetheless, our findings suggest
that patients with AF will benefit from intense
risk factor modification strategies to prevent the
development of adverse cardiovascular outcomes
and implicate heart failure as a condition which
merits closer attention if developed in persons
with AF.

Although the underlying mechanism that
links AF with ischemic stroke has been well-
documented,10 the underlying pathophysiology
that explains the excess risk for other cardiovas-
cular events has yet to be fully elucidated. Shared
risk factors provide a possible explanation, as
many AF risk factors also are associated with an in-
creased risk for CHD and heart failure.16 However,
our results remained statistically significant after
accounting for many of these comorbid conditions.
Poorly controlled heart rate in persons with AF
results in myocardial injury with increased oxygen
demand (e.g., demand ischemia) that leads to non-
ST elevation MI in persons with partially occluded
coronary arteries.15,20 The dysynchronous rhythm
of AF combined with elevated heart rates among
those who are poorly rate controlled also pre-
disposes to heart failure.30 AF is associated with
higher levels of inflammation,31 and both CHD and
heart failure have been linked to the dysfunctional
regulation of this cellular process.32,33 Addition-
ally, we cannot exclude that patients possibly
have subclinical left ventricular dysfunction or
myocardial ischemia that leads to AF, and af-
ter disease progression, cardiovascular outcomes
likely develop. This suggests that AF represents
an epiphenomena of silent cardiovascular disease
that subsequently manifests clinically. We provide
several explanations that link AF with CHD and
heart failure events; however, further research is
needed to better understand the increased risk of
cardiovascular events observed with AF.

Our findings should be interpreted in the
context of certain limitations. Several baseline
characteristics were self-reported and possibly
resulted in misclassification due to recall bias.
We also included several covariates in our
multivariable models that likely influenced the
development of each condition but we ac-
knowledge that residual confounding is possible.
The population of CHS was limited to whites
and blacks older than 65 years of age, and
limits the generalizability of our findings to
other populations. AF was ascertained by study-
scheduled electrocardiograms and hospitalization
data. Therefore, it is possible that asymptomatic
cases or self-limited episodes (e.g., paroxysmal
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AF) were missed. Additionally, it is possible that
the risk of each cardiovascular outcome varies
by AF type (e.g., paroxysmal, persistent, and
permanent) and we were unable to examine this in
our cohort. Furthermore, it is possible that the true
risk associated with each cardiovascular outcome
is greater for nonfatal events when accounting for
death, but we did not explore this hypothesis.

In conclusion, we have shown that AF is
associated with several adverse cardiovascular
outcomes and identified heart failure as the
most frequent condition developed in older
persons with AF. Overall, AF was associated
with several conditions that negatively influence

mortality, suggesting that AF is a marker of
a poor cardiovascular profile in which adverse
events are likely to develop. Potentially, risk
factor modification strategies (e.g., lifestyle and
medication) for the primary prevention of heart
failure will reduce the morbidity and mortality
associated with AF.
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