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Temporal Relations of Atrial Fibrillation and Congestive
Heart Failure and Their Joint Influence on Mortality
The Framingham Heart Study

Thomas J. Wang, MD; Martin G. Larson, ScD; Daniel Levy, MD; Ramachandran S. Vasan, MD;
Eric P. Leip, MS; Philip A. Wolf, MD; Raph B. D’ Agostino, PhD; Joanne M. Murabito, MD, ScM;
William B. Kannel, MD; Emelia J. Benjamin, MD, ScM

Background—Atrial fibrillation (AF) and congestive heart failure (CHF) frequently occur together, but there is limited
information regarding their temporal relations and the combined influence of these conditions on mortality.

Methods and Results—We studied participants in the Framingham Study with new-onset AF or CHF. Multivariable Cox
proportional hazards models with time-dependent variables were used to evaluate whether mortality after AF or CHF
was affected by the occurrence and timing of the other condition. Hazard ratios (HRs) were adjusted for time period and
cardiovascular risk factors. During the study period, 1470 participants developed AF, CHF, or both. Among 382
individuals with both conditions, 38% had AF first, 41% had CHF first, and 21% had both diagnosed on the same day.
The incidence of CHF among AF subjects was 33 per 1000 person-years, and the incidence of AF among CHF subjects
was 54 per 1000 person-years. In AF subjects, the subsequent development of CHF was associated with increased
mortality (men: HR 2.7; 95% ClI, 1.9 to 3.7; women: HR 3.1; 95% ClI, 2.2 to 4.2). Similarly, in CHF subjects, later
development of AF was associated with increased mortality (men: HR 1.6; 95% ClI, 1.2 to 2.1; women: HR 2.7, 95%
Cl, 2.0 to 3.6). Preexisting CHF adversely affected survival in individuals with AF, but preexisting AF was not

associated with adverse survival in those with CHF.

Conclusions—Individuals with AF or CHF who subsequently develop the other condition have a poor prognosis.
Additional studies addressing the pathogenesis, prevention, and optimal management of the joint occurrence of AF and

CHF appear warranted. (Circulation. 2003;107:2920-2925.)
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tria fibrillation (AF) and congestive heart failure (CHF)

have been called the “two new epidemics of cardiovas-
cular disease.”* Both conditions are responsible for substan-
tia economic cost, morbidity, and mortality. These condi-
tions aso disproportionately affect the elderly, the incidence
of each doubling for every successive decade of age.23
Hence, the burden associated with these disordersis expected
to grow as the population ages.

An important feature of AF and CHF is their propensity to
coexist, in part because they share antecedent risk factors, but
also because one may directly predispose to the other.45 It is
widely perceived that the combination of these conditions
carries a worse prognosis than either aone. Thus, medica
and mechanical therapies aimed at treating this combination
have gained increasing attention.6” The data regarding the
joint prognosis of AF and CHF are conflicting, however. For
instance, AF has been reported to have a deleterious,8-10

neutral,1112 or beneficial1314 impact on survival among pa-
tients with CHF.

Disparities among prior studies may reflect a focus on
prevaent rather than incident disease,®1:12 varying durations
of AF and CHF21011 and the characteristics of different
referral populations.81113 The joint time course of AF and
CHF and the sequence in which they occur may have a
marked influence on prognosis, however, to our knowledge,
this has not been studied in a general population. Accord-
ingly, the purpose of this study was to characterize the joint
epidemiology of AF and CHF in a large, community-based
cohort that has been monitored for decades.

M ethods

Subjects
The selection criteria and study design of the Framingham Heart
Study have been described elsewhere.1516 The origina cohort has
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been followed up with biennial examinations since 1948. The
offspring cohort was initiated in 1971 and has been examined
quadrennialy. All protocols are approved by the Boston Medical
Center Institutional Review Board.

We studied individuals with new-onset AF or CHF between 1948
and 1995, excluding those with a history of AF or CHF at the time
of study entry (n=30). We excluded participants whose first event
occurred after 1995 (n=279) to ensure that follow-up was long
enough to allow the occurrence of a second event. We also restricted
analyses to individuals =50 years old, because both conditions were
rare in younger individuals. Participants were followed up through
1998.

Clinical Evaluation

Medica history, physical examination, and electrocardiography
were routinely administered at each Framingham Heart Study
examination.*>16 Baseline risk factor data were derived from the
closest examination cycle at or before the initial condition.

Records were obtained for all medical encounters related to
cardiovascular disease and were adjudicated by a committee of 3
investigators. AF was diagnosed if AF or atrial flutter was present on
an ECG obtained from the Framingham clinic or outside hospital or
physician chart. The ECG interpretation of AF was confirmed by 1
of 2 Framingham Study cardiologists. The diagnosis of CHF was
based on clinical criteria that have been in use since the study’s
inception. The presence of 2 mgjor or 1 major and 2 minor criteria
was used to establish a diagnosis of CHF. Major criteria included
paroxysmal nocturnal dyspnea or orthopnea, distended neck veins,
raes, radiographic cardiomegaly, pulmonary edema, third heart
sound, increased venous pressure, hepatojugular reflux, and weight
loss on diuretic therapy. Minor criteria were ankle edema, night
cough, dyspnea on exertion, hepatomegaly, pleural effusion, pulmo-
nary vascular redistribution, decrease in vital capacity, and
tachycardia.

On the basis of review of hospitalization records, physician office
records, and information from the Framingham clinic visit, a date of
onset was assigned to al new AF or CHF events. If individuals
presented with AF and CHF on the same day, the events were
considered concurrent and the same date was assigned to both
events. For individuals developing AF, CHF was referred to as the
comorbid condition and vice versa.

Statistical Analyses

Among participants with AF or CHF, incidence rates for developing
the comorbid condition were calculated. Cumulative incidence
curves were derived using the Kaplan-Meier methods (truncated at
10 years of follow-up for display) to depict the development of CHF
after AF and AF after CHF.

The joint influence of AF and CHF on mortality was anayzed
using sex-specific Cox proportional hazards models, with the devel-
opment of the comorbid condition modeled as a time-dependent
variable. Hence, we examined whether survival after AF was
affected by the occurrence of CHF in those who wereinitially free of
CHF and vice versa. In a second set of analyses, we examined
whether survival after AF or CHF was affected by the preexistence
of the comorbid condition. The comorbid condition was treated as a
categorical predictor, and the reference group consisted of those who
were free of the comorbid condition a the time of the index
diagnosis. Thus, we evaluated if survival after CHF was affected by
aprior diagnosis of AF or AF diagnosed on the same day and vice
versa.

All models were adjusted for the following covariates: age, time
period, prior or concurrent myocardial infarction, history of stroke or
transient ischemic attack, diabetes, valvular disease on physical
examination, ECG left ventricular hypertrophy, systolic blood pres-
sure, use of antihypertensive therapy, and smoking. Time period
(1948 to 1969, 1970 to 1979, 1980 to 1989, 1990 or later) was
included in the model to account for possible secular trends in
mortality after AF or CHF. All models were stratified for age (<75
and =75 years old).
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TABLE 1. Baseline Characteristics by Initial Event

Concurrent AF

AF* CHFt and CHFf

(n=683) (n=708) (n=79)
Mean age, y 74+10 7311 75+10
Mean systolic blood pressure, mm Hg 144+23  153+27 149+23
Hypertension therapy, % 4 4 41
Myocardial infarction, % 18 45 27
Stroke/transient ischemic attack, % 12 12 10
Diabetes, % 12 23 24
Smoking, % 27 34 28
Significant murmur,§ % 13 18 26
ECG left-ventricular hypertrophy,|| % 7 15 4

The initial event occurred before 1970 for 18% of the sample, between 1970
and 1979 for 23%, between 1980 and 1989 for 36%, and after 1989 for 23%.

*Without concurrent or prior CHF.

TWithout concurrent or prior AF.

FAF and CHF diagnosed on the same day.

§=Grade llIVI systolic murmur, or any diastolic murmur; missing for 35
(2%) subjects.

[Increased voltage and lateral repolarization abnormalities.

Secondary analyses were performed excluding subjects prescribed
antiarrhythmics or anticoagulants for the index AF episode and
excluding subjects with atrial flutter. We aso tested time period
interaction terms to evaluate whether the influence of comorbid AF
or CHF differed in the 1990s compared with earlier decades.

Results

Subject Characteristics and Sequence of Events
Between 1948 and 1995, 1470 participants developed AF,
CHF, or both. Characteristics of subjects at the time of their
initial event are shown in Table 1. The mean follow-up was
5.6 years (5061 person-years) after the development of AF
and 4.2 years (3823 person-years) after the development of
CHF. The proportion of subjects dead at the end of follow-up
was 86%.

A total of 382 participants developed both AF and CHF. Of
these, 38% had AF first, 41% had CHF first, and 21% had
both disorders diagnosed on the same day (Figure 1). Among
those who had AF and CHF diagnosed on the same day, 7
(9%) had a myocardial infarction within the preceding 15
days.

Eligible Subjects

n=1470
- ,¥‘4l£*77 -1
AF Only | |AF + CHF| | CHF Only
n=539 =382 =549
37% ) 26% 37%
— I —
AF First | |Same Day| | CHF First
n=144 n=79 n=159
38%77 21% 41%

Figure 1. Timing and distribution of subjects with AF, CHF, or
both.
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Incidence Rates for Developing the

Comorbid Condition

Of the 921 subjects diagnosed with AF, 238 (26%) had aprior
or concurrent diagnosis of CHF and 144 (16%) developed it
subsequently. Among those free of CHF at AF onset, the
unadjusted incidence of CHF was 33 per 1000 person-years.
Of 931 subjects diagnosed with CHF, 223 (24%) had prior or
concurrent AF and 159 (17%) developed AF subsequently.
The unadjusted incidence of AF, for those free of AF at CHF
onset, was 54 per 1000 person-years. The cumulative inci-
dence curves for the development of CHF after AF and AF
after CHF are shown in Figures 2 and 3, respectively.

Impact of Developing the Comorbid Condition

on Mortality

We used multivariable models to evaluate the impact of CHF
on mortality in AF subjects, restricting our analyses to those
who were free of CHF at the time of AF diagnosis (Table 2).
The subsequent development of CHF (time-dependent vari-

able) was associated with a multivariable-adjusted hazard
ratio for mortality of 2.7 (95% CI, 1.9to 3.7) in men and 3.1
(95% ClI, 2.2 to 4.2) in women.

Similarly, we examined the impact of AF on mortality in
CHF subjects, restricting our analyses to those who were free
of AF at the time of CHF diagnosis (Table 2). The develop-
ment of subsequent AF (time-dependent variable) was asso-
ciated with an adjusted hazard ratio for mortality of 1.6 (95%
Cl,1.2to2.1) inmen and 2.7 (95% ClI, 2.0 to 3.6) in women.

Impact of Prior Diagnosis of the Comorbid
Condition on Mortality

Additional multivariable analyses were performed to examine
the influence of a prior diagnosis of the comorbid condition
(Table 2). We estimated separate hazard ratios corresponding
to whether the comorbid condition was diagnosed previously
or on the same day as the index condition (with subjects
without the comorbid condition as the reference group). In
AF subjects, prior CHF and concurrent CHF were associated
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Figure 3. Unadjusted cumulative inci-
dence of first AF in individuals with CHF.

Years

No. atrisk 708 323 230 146
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TABLE 2. Cox Multivariable Proportional Hazards Models Examining the Impact

of the Comorbid Condition on Mortality

Men, Adjusted HR Women, Adjusted HR

Models (95% Cl) (95% ClI)
Comorbid condition as a time-dependent variable
(A) Mortality after AF
Impact of incident CHF 2.7 (1910 3.7)* 3.1 (2.2 t0 4.2
(B) Mortality after CHF
Impact of incident AF 1.6 (1.2 to 2.1)t 2.7 (2.0 to 3.6)*
Comorbid condition as a categorical variable
(C) Mortality after AF
Impact of prior CHF 2.2 (1.6 t0 3.0)* 1.8 (1.3 t0 2.3)*
Impact of concurrent CHFf 2.4 (1.6 to 3.5)* 1.4 (1.0t0 1.9
(D) Mortality after CHF
Impact of prior AF 0.8 (0.6 to 1.0) 1.2 (0.9 10 1.6)
Impact of concurrent AFf 1.0 (0.7 t0 1.4) 1.1 (0.810 1.5

*P=0.0001, 1P<0.01.

fDiagnosed on same day. Each letter (A through D) denotes a separate model. Models with the
comorbid condition as a time-dependent variable (A and B) are restricted to those without the
comorbid condition at the index event. Hazard ratios (HR) are adjusted for age, time period,
myocardial infarction, stroke/transient ischemic attack, diabetes, valvular disease, ECG left ventricular
hypertrophy, systolic blood pressure, antihypertensive therapy, and smoking.

with increased mortality (Table 2). For men with AF, unad-
justed median survival times for those with prior CHF,
concurrent CHF, or no CHF (at the time of AF diagnosis)
were 1.4, 2.1, and 6.6 years, respectively. Corresponding
survival times in women were 1.8, 3.5, and 5.0 years.

In CHF subjects, neither prior AF nor concurrent AF was
associated with increased mortality after multivariable adjust-
ment (Table 2). Median unadjusted survival times for men
with prior AF, concurrent AF, or no AF (at the time of CHF
diagnosis) were 2.0, 2.1, and 1.7 years, respectively. For
women, corresponding survival times were 2.1, 3.5, and 3.4
years.

Secondary Analyses

Results were similar in secondary analyses excluding subjects
on antiarrhythmic therapy or anticoagulant therapy for the
index AF or subjects with atrial flutter (data not shown). In
women only, the adverse influence of incident CHF on AF
mortality was less in the 1990s compared with earlier decades
(P=0.016 for interaction). In men, there was marginal evi-
dence of a stronger influence of incident AF on CHF
mortality in the 1990s (P=0.047 for interaction).

Discussion

The goal of this study was to examine the complex relations
between AF and CHF using observations from a large,
prospective community-based cohort. We provide new infor-
mation regarding the joint incidence of AF and CHF in the
community. We also demonstrate that the temporal sequence
of AF and CHF is important to consider when estimating the
relative risk of mortality associated with having both condi-
tions. For those with either AF or CHF, the development of
the second condition has a deleterious impact on survival.

Our findings regarding the poor prognosis associated with
AF and CHF are consistent with those of most8-1° but not
alt12 prior studies with >200 subjects. However, prior
studies have been based on referral populations®12 or retro-
spective analyses of randomized trial cohorts.® Subjects in
these studies have been predominantly male, with amean age
in the 50s and a high prevalence of idiopathic cardiomyopa-
thy. Thus, they are not representative of individuals with AF
or CHF in the community, who tend to be elderly and have a
higher prevalence of hypertension.317 Furthermore, follow-up
in most studies was less than a decade, which limited their
ability to analyze incident AF or CHF events.

Interaction of AF and CHF
The reported prevalence of AF in various CHF series ranges
from 13% to 27%.811121718 However, a single prevaence
estimate may understate the overall frequency with which AF
and CHF occur in the same individual. For instance, among
931 Framingham Study participants diagnosed with CHF,
223 (24%) had prior or concurrent AF. Another 159 (17%)
had AF subsequently, however, so that the total proportion of
CHF subjects with AF at some time was 41%. Similarly, 42%
of AF subjects had CHF at some point during their lifetime.
Because al subjectsin our study were free of AF and CHF
at baseline, we had the opportunity to examine the chronol-
ogy of these events. Interestingly, AF preceded CHF about as
often as CHF preceded AF. In one fifth of subjects with AF
and CHF, it was unclear which was the initial event, because
both conditions were noted for the first time on the same day.
Several mechanisms may explain why AF and CHF occur
together and may underlie the variability in their presenta-
tions. Anima studies and case reports indicate that AF with
rapid ventricular response can lead to dilated cardiomyopathy.5
In addition, theloss of atrial transport may predispose to CHF by
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causing afdl in cardiac output.2® Conversaly, CHF may predis-
poseto AF viaacutely increased atrid filling pressures and atria
dilatation.6 Chronically, CHF causes atrid fibrosis and regiona
conduction abnormalities, which may provide a substrate for AF
initiation.# Furthermore, the sympathetic activation seen in
chronic CHF may contribute to electrophysiologic changes, such
as a shortened atrial refractory period, that promote AF.20 A
single event (such asmyocardia infarction) may precipitate both
AF and CHF. Additiondly, common risk factors could influence
both atrial and ventricular remodeling and predispose to subclin-
ical |eft atrial and left ventricular dysfunction that can culminate
in overt AF and CHF.

Impact of Developing the Comorbid Condition

on Mortality

Although it is recognized that individuals with AF are at
increased risk of death, prospective data regarding the pre-
dictors of mortality in AF are limited.22 We found that
incident CHF had an adverse impact on prognosis in AF
independently of other cardiovascular diagnoses and risk
factors.

In contrast, the impact of AF on CHF mortality has been
examined extensively but remains controversial. Carson et
a1t studied CHF patientsin the V-HeFT trials and found that
baseline AF was not related to overall mortality or sudden
death. Another study, however, reported that AF was associ-
ated with increased mortality in the SOLVD trials.® AF was
aso an independent predictor of mortality among patients in
the AVID registry, most of whom had CHF or left ventricular
dysfunction.?? Studies based on CHF patients at transplant
centers have reached conflicting conclusions.812 Two studies
have even reported that AF has a beneficia impact on
prognosis in CHF.13.14

We found that the development of new AF in individuals
with CHF was associated with increased mortality. Our focus
on subjects with new-onset AF and CHF (an incidence
cohort) rather than subjects with prevalent disease may
explain differences with prior studies. Severa biases may
occur in prevalence cohorts. The sickest subjects are less
likely to be sampled, which may lead to survival bias.*® The
apparent influence of AF is aso confounded by disease
duration, with AF being associated with more longstanding
disease. Furthermore, prevalence studies are likely to under-
estimate of the overall impact of AF, because a substantial
proportion of CHF patients are free of AF at baseline but
develop it during follow-up. Two recent studies examined the
impact of incident AF in CHF, with one suggesting an
adverse effect’® and the other finding no effect.22 Both
studies, however, were based on a small number of incident
AF cases and had limited power to examine mortality. It is
also possible that variability in treatment and the adequacy of
ventricular rate control in AF could contribute to differences
between studies.

The adverse impact of AF in CHF patients is most likely
multifactorial. The development of AF may be a marker of
deterioration of ventricular function or increased neurohor-
monal activation. Alternately, AF may play a causa role via
loss of atrial transport, accelerated ventricular response, or
thromboembolism.9.19

Impact of Prior Diagnosis of the Comorbid
Condition on Mortality

We also examined the impact of a prior diagnosis of the
comorbid condition on survival. Prior CHF had an adverse
impact on prognosis in AF. However, antecedent AF was not
asignificant predictor of mortality in subjects with CHF. It is
possible that the high mortality associated with CHF in the
community overwhelmed the modest influence of preexisting
AF, particularly after adjustment for other cardiovascular
conditions.

Strengths and Limitations

The strengths of this investigation included the focus on
incident AF and CHF cases with time-dependent models,
routine ascertainment of antecedent risk factors, and uniform
diagnostic criteria for AF and CHF. The large sample size
allowed the use of sex-specific multivariable analyses. Fur-
thermore, the availability of 5 decades of longitudinal data
permitted complete follow-up (to time of death) on nearly all
subjects.

Several limitations should be acknowledged. The unavail-
ability of echocardiographic data during the first 3 decades of
the study restricted us from drawing conclusions regarding
the mechanism of heart failure (for instance, the presence of
systolic versus diastolic dysfunction). Also, we did not
distinguish between chronic and paroxysmal AF; the progno-
sis of these conditions may differ. The use of antiarrhythmic
therapy for ventricular arrhythmias was not accounted for in
these analyses. However, use of these medications was
uncommon.

It isimportant to emphasize that treatment for AF and CHF
has changed substantially in the last decade. These changes
may have contributed to improved survival after CHF.24 We
found some evidence in women that the adverse impact of
CHF after AF may have been lessin the 1990s compared with
earlier time periods. However, this result should be regarded
as exploratory, because this was a secondary analysis and the
probability value was not highly significant. Additionaly,
treatment has continued to evolve since our last year of
follow-up (1998). Accordingly, much of the experience in
this cohort represents the natural history of AF and CHF
before the advent of contemporary therapies.

Clinical Implications

Because AF and CHF frequently occur together, there has
been interest in understanding whether interventions to ad-
dress this combination may favorably impact prognosis.2> For
instance, it has been speculated that restoring sinus rhythm
may improve surviva in patients with AF and CHF. The
value of this strategy is unproven in AF2¢ and has not been
studied prospectively in CHF,28 athough enrollment for a
mortality trial of patients with both conditions is presently
underway.”

Prior observational and treatment studies have focused on
individuals with already established AF and CHF. Our study
underscores the potential importance of intervening at an
earlier stage in the clinica course of these patients. In
individuals with AF or CHF aone, the development of the
second condition carries a particularly poor prognosis. This
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finding raises the possibility that prophylactic therapies to
reduce the incidence of the second condition in high-risk
patients with AF or CHF may confer clinical benefit.19.2527 |n
light of the increasing burden of both conditions and the
availability of new therapies, additiona studies addressing
the pathogenesis, prevention, and optimal management of the
joint occurrence of AF and CHF seem warranted.
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