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Atrial Fibrillation Begets Heart Failure and Vice Versa

Temporal Associations and Differences in Preserved Versus Reduced
Ejection Fraction

Rajalakshmi Santhanakrishnan, MBBS; Na Wang, MA; Martin G. Larson, SD;
Jared W. Magnani, MD, MSc; David D. McManus, MD; Steven A. Lubitz, MD, MPH;
Patrick T. Ellinor, MD, PhD; Susan Cheng, MD; Ramachandran S. Vasan, MD;
Douglas S. Lee, MD, PhD; Thomas J. Wang, MD; Daniel Levy, MD;

Emelia J. Benjamin, MD, ScM; Jennifer E. Ho, MD

Background—Atrial fibrillation (AF) and heart failure (HF) frequently coexist and together confer an adverse prognosis.
The association of AF with HF subtypes has not been well described. We sought to examine differences in the temporal
association of AF and HF with preserved versus reduced ejection fraction.

Methods and Results—We studied Framingham Heart Study participants with new-onset AF or HF between 1980 and
2012. Among 1737 individuals with new AF (mean age, 75+12 years; 48% women), more than one third (37%) had HF.
Conversely, among 1166 individuals with new HF (mean age, 79+11 years; 53% women), more than half (57%) had AF.
Prevalent AF was more strongly associated with incident HF with preserved ejection fraction (multivariable-adjusted
hazard ratio [HR], 2.34; 95% confidence interval [CI], 1.48-3.70; no AF as referent) versus HF with reduced ejection
fraction (HR, 1.32; 95% CI, 0.83-2.10), with a trend toward difference between HF subtypes (P for difference=0.06).
Prevalent HF was associated with incident AF (HR, 2.18; 95% CI, 1.26-3.76; no HF as referent). The presence of both AF
and HF portended greater mortality risk compared with neither condition, particularly among individuals with new HF
with reduced ejection fraction and prevalent AF (HR, 2.72; 95% CI, 2.12-3.48) compared with new HF with preserved
ejection fraction and prevalent AF (HR, 1.83; 95% CI, 1.41-2.37; P for difference=0.02).

Conclusions—AF occurs in more than half of individuals with HF, and HF occurs in more than one third of individuals with
AF. AF precedes and follows HF with both preserved and reduced ejection fraction, with some differences in temporal
association and prognosis. Future studies focused on underlying mechanisms of these dual conditions are warranted.
(Circulation. 2016;133:484-492. DOI: 10.1161/CIRCULATIONAHA.115.018614.)
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Heart failure (HF) and atrial fibrillation (AF) have emerged
as 2 new epidemics of cardiovascular disease in the last
20 years.! The prevalence of both conditions is expected to
increase with the aging of the population. By the year 2030,
there will be 12 million Americans with AF and >8 million
with HE>?* Beyond sharing common predisposing risk fac-
tors such as hypertension, diabetes mellitus, ischemic heart
disease, and valvular heart disease,* AF and HF clearly are

closely intertwined, with each disease predisposing to the
other. When present in combination, AF and HF portend a
worse prognosis than either condition alone.>”
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AF coexists with both HF with preserved and reduced
ejection fraction (HFpEF and HFrEF).* However, previous
studies have noted differences among HF subtypes in atrial
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remodeling and prognosis associated with AF. For example,
left atrial (LA) remodeling appears distinct between subtypes,
with greater eccentric LA remodeling in HFrEF and increased
LA stiffness in HFpEF predisposing to AE.° Additionally, car-
diovascular outcomes after AF appear to be influenced by HF
subtype.'® In light of these differences, we hypothesized that
the temporal association between AF and HF subtypes would
be distinct.

Prior studies focused on the association of AF and HF
subtypes were conducted largely in hospital-based cohorts'!
in which the onset of 1 condition compared with the other is
unclear. We sought to investigate the association of AF with
HFpEF and HFrEF in a large, community-based cohort in
which incident AF and HF events were ascertained longitu-
dinally, enabling accurate chronicity of HF and AF events.
We sought to leverage these study characteristics to examine
differences in the temporal associations between HFpEF and
HFrEF events in relation to incident AF and to characterize
the risk of mortality among participants with various AF and
HF subtypes.

Methods

Study Participants

The study design of the Framingham Heart Study is described else-
where.'? Briefly, participants enrolled in the original (n=5209) and
offspring (n=5124) cohorts underwent periodic clinical examinations
and medical history updates once every 2 to 4 years. The Framingham
Heart Study was reviewed by the Boston University Medical Center
Institutional Review Board, and all participants signed written
consent.

Participants with new-onset AF (n=1737) or HF (n=1166)
between 1980 and 2012 were included because echocardiography
became more widely available after 1980 for the determination of HF
subtype. For incident AF and HF analyses, participants attending 1
of 3 baseline examinations per cohort were included: original cohort
examinations 16 (1979-1982), 20 (1986-1990), and 24 (1995-1998)
and offspring cohort examinations 2 (1979-1983), 4 (1987-1991),
and 6 (1995-1998; Figure I in the online-only Data Supplement).
From this sample, 14 864 observations were included in the incident
AF analyses after the exclusion of prevalent AF (n=554), missing
covariates (n=551), or no follow-up (n=28; Figure IIA in the online-
only Data Supplement). For the incident HF analyses, observations
with prevalent HF (n=217), missing covariates (n=575), or missing
follow-up (n=2) were excluded, leaving 15203 observations for anal-
ysis (Figure IIA in the online-only Data Supplement). Follow-up was
truncated at 8 years for incident AF and HF analyses.

Clinical Examination

All participants underwent comprehensive clinical evaluations during
the examination cycles that included blood pressure measurements,
ECG, and blood tests. Diabetes mellitus was defined as a fasting glu-
cose level 2126 mg/dL, nonfasting glucose =200 mg/dL, or the use
of hypoglycemic drugs or insulin. Fasting total cholesterol and high-
density lipoprotein cholesterol were measured. Left ventricular (LV)
hypertrophy on ECG was defined with the use of published criteria.'?
Current smoking was based on self-reported use of >1 cigarettes per
day in the year before the examination. Valvular heart disease was
defined as any diastolic murmur or systolic murmur >3/6 grade.

Definition of Clinical End Points

All cardiovascular end points were adjudicated by a panel of 3
physicians using established protocols after systematic review of
all available medical records. HF was defined with the established
Framingham criteria.* HF subtype was determined after review of
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records based on LV ejection fraction obtained by echocardiogram or
radionuclide study performed at or near the HF event date (during HF
admission or within 1 year of HF onset, provided that no intervening
myocardial infarction occurred), as previously described.* HF events
were classified as HFpEF (LV ejection fraction 245%) or HFrEF (LV
ejection fraction <45%). The presence of AF was determined after
review of all available ECGs from examination cycles, outpatient and
inpatient hospital records, or ambulatory ECG monitoring.

Statistical Analysis

To examine the temporal association of AF and HF subtypes, we
inspected the occurrence of prevalent AF, concurrent AF, and incident
AF (after HF) in all individuals with new-onset HF between 1980
and 2012. Concurrent AF and HF were defined as the diagnosis of
new AF and HF within 30 days of one another. Similarly, the occur-
rence of prevalent, concurrent, and incident HF by subtype (after AF)
was examined in all individuals with new-onset AF between 1980
and 2012.

The cumulative incidences of AF, HFpEF, and HFrEF were esti-
mated with a Kaplan-Meier—like method accounting for competing
risk of death.!* Separate curves were estimated for those with and
without HF (for incident AF) and those with and without AF (for
incident HF). We calculated directly standardized rates (sex and age
adjusted with 10-year age strata) using the relevant baseline sample
(free of AF or HF) for incidence rates or the sample that developed
a specified condition (AF or HF) for postevent mortality rates.
Multivariable Cox proportional hazards regression was used to exam-
ine the associations of prevalent and interim HF and incident AF.
Analyses were first adjusted for age and sex and then further adjusted
for established risk factors of AF (height, weight, systolic and dia-
stolic blood pressures, current smoking, use of antihypertensive med-
ication, diabetes mellitus, and history of myocardial infarction).”” In
secondary analyses, multivariable models were further adjusted for
prevalent cardiovascular disease other than myocardial infarction and
for estimated glomerular filtration rate (available in 9521 individu-
als in incident AF and 9737 individuals in incident HF analyses). To
account for participants eligible for >1 observation period, we used
the sandwich estimator to generate robust standard error estimates
clustered on the individual participant.'®

To relate AF to incident HFpEF and HFrEF, Cox models were
used and adjusted for age and sex and then further adjusted for body
mass index, systolic blood pressure, heavy alcohol use, smoking,
diabetes mellitus, LV hypertrophy, hypertension treatment, valvular
heart disease, and history of myocardial infarction. Interim events
were modeled as time-varying covariates. In secondary analyses, we
compared the 3 coefficients of AF as predictors of incident HFpEF
and HFrEF using the Lunn-McNeil method."”

Next, the association of HF and AF individually and conjointly
on mortality was assessed with Cox models. The hazards of preva-
lent and interim AF for mortality among participants with newly
diagnosed HF between 1980 to 2012 were assessed (Figure IIB in
the online-only Data Supplement). The Kaplan-Meier method was
used to calculate cumulative incidence plots of mortality. Similarly,
the hazards of prevalent and interim HF for mortality among partici-
pants with newly diagnosed AF were assessed. Interim events were
modeled as time-varying covariates, and follow-up was truncated
at 10 years. Models were first adjusted for age and sex and then
further adjusted for systolic blood pressure, body mass index, anti-
hypertensive treatment, smoking, diabetes mellitus, and history of
myocardial infarction. Covariates were taken from the most proxi-
mal Framingham Heart Study examination attended within 8 years
preceding HF or AF diagnosis. HF subtype was examined with the
use of a 4-level class variable (no HF, HFpEF, HFrEF, and unclas-
sified HF). We considered a 2-sided value of P<0.05 statistically
significant. To check the proportional hazard assumption, we tested
for interactions with variables and log time, and we also used the
“assess” statement in PHREG. Neither approach showed violation
of the proportional hazard assumption. All statistical analyses were
conducted with SAS version 9.3 for Windows (SAS Institute Inc,
Cary, NC).
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Results

Temporal Association of AF and HF Subtypes
Between 1980 and 2012, 1166 participants developed new-
onset HE. Of these, 479 (41%) were classified as having
HFpEF, and 516 (44%) were classified as having HFrEF (171
[15%] could not be classified). Of participants with HE, 38%
had no AF at baseline or during follow-up, 32% had prevalent
AF, 18% had AF diagnosed within 30 days of their incident
HF diagnosis, and 12% developed incident AF after their inci-
dent HF diagnosis (Figure 1 and Table I in the online-only Data
Supplement). The time distribution among prevalent, concur-
rent, and incident AF by HF subtypes is displayed in Table II in
the online-only Data Supplement. Compared with people with
HFrEF, individuals with HFpEF were more likely to have AF at
any time (62% versus 55%; P=0.02). Participants with HFpEF
carried a much greater burden of prevalent AF compared with
individuals with HFrEF (32% versus 23%; P=0.002).

Over the same period, 1737 individuals developed new-
onset AF. Of these, 1101 (63%) had no HF at any point,
145 (8%) had HF previously diagnosed at the time of their
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Figure 1. Temporal association of atrial fibrillation (AF) and heart
failure (HF) subtypes. A, Data for 995 participants with new HF
and whether participants had previous, concurrent, or future

AF or no AF (for 479 with HF with preserved ejection fraction
[HFpEF]: 154, 88, 56, and 181, respectively; for 516 with HF
with reduced ejection fraction [HFrEF]: 121, 94, 67, and 234,
respectively). B, Data for 1737 participants with new AF, of whom
1101 had no HF (n=1101) and others had previous, concurrent,
or future HF (for 284 with HFpEF: 57, 88, and 139, respectively;
for 272 with HFrEF: 67, 94, and 111, respectively; for 80 with
unclassified HF: 21, 32, and 27, respectively).

AF diagnosis, 214 (12%) had HF diagnosed concomitantly
or within 30 days of their incident AF event, and 277 (16%)
developed incident HF after their AF diagnosis. Among par-
ticipants with HF diagnosed before or concomitant with their
AF diagnosis, the rates of HFrEF and HFpEF did not vary sig-
nificantly. Among individuals with HF diagnosed after their
AF event, 50% developed HFpEF, 40% developed HFrEF, and
10% were unclassified (Figure 1 and Table I in the online-only
Data Supplement). The time intervals between AF diagnosis
and HFpEF versus HFrEF events among 644 individuals who
had both AF and HF during follow-up are presented in Figure
III in the online-only Data Supplement.

Prevalent HF and Interim HF Predict Incident AF
Among 14 864 observations included in the incident AF anal-
ysis, the mean age of participants was 58 years, and 55% were
women. Baseline characteristics are displayed in Table 1. A
total of 90 participants had prevalent HF (28 with HFpEEF, 32
with HFrEF, and 30 with unclassified HF). There were 795 AF
events during a mean follow-up of 7.5+1.6 years. Those with
prevalent HF had a higher cumulative incidence of AF com-
pared with those free of HF (log-rank P<0.0001; Figure 2A).
The age- and sex-standardized incidence rate of AF was
nearly 10-fold higher in those with prevalent HF compared
with those without HF (Table 2).

In age- and sex-adjusted Cox models, prevalent HF was sig-
nificantly associated with incident AF (hazard ratio [HR], 3.42;
95% confidence interval [CI], 2.10-5.56; P<0.0001). Similarly,
interim HF events predicted incident AF with a hazard of 2.41
(95% CI, 1.89-3.08; P<0.0001). Prevalent and interim HF
remained significantly associated with an =2-fold increased
hazard of incident AF after multivariable adjustment (Table 3).
There were too few prevalent HF events to examine HF subtypes
separately. After additional adjustment for prevalent cardiovas-
cular disease (other than myocardial infarction) and kidney func-
tion, results remained similar, except the association of prevalent
HF with incident AF, which was attenuated (P=0.11).

AF as a Predictor of Incident HF by HF Subtype

A total of 15203 observations were included in the incident
HF analysis. The participants’ mean age was 58 years; 55%
were women; and 403 participants had prevalent AF (Table 1).
Over a mean follow-up of 7.5+1.5 years, there were 215 inci-
dent HFpEF and 272 incident HFrEF events. The incidence
rates of both HFpEF and HFrEF were higher in those with AF
compared with those without AF (Table 2). Those with preva-
lent AF had a higher cumulative incidence of both HFpEF and
HFrEF compared with those without prevalent AF (log-rank
P<0.0001 for both; Figure 2).

Prevalent AF predicted incident HFpEF (HR, 2.34; 95%
CIL 1.48-3.70; P=0.0003) but not HFrEF (HR, 1.32; 95% ClI,
0.83-2.10; P=0.23) in multivariable-adjusted analyses. In
contrast, interim AF was significantly associated with inci-
dent HFrEF (HR, 1.71; 95% CI, 1.19-2.45; P=0.003) but not
HFpEF in multivariable-adjusted analyses (P=0.05; Table 3).
When the Lunn-McNeil method was used to compare f3 coef-
ficients between the 2 subtypes of HF, there was a marginally
significant difference in prevalent AF as a predictor of HFpEF
versus HFTEF (P=0.06), whereas interim AF did not appear to
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Table 1. Baseline Clinical Characteristics for Participants
Free of Prevalent AF or HF

Free of Free of
Prevalent AF Prevalent HF
(n=14864) (n=15203)
Age,y 57+15 58+15
Women, n (%) 8222 (55) 8322 (55)
Height, cm 16610 166+10
Weight, kg 74+16 74+16
Body mass index, kg/m? 26.7+4.8 26.7+4.8
Systolic blood pressure, mmHg 130+20 130+20
Diastolic blood pressure, mmHg 7710 7710
Hypertension treatment, n (%) 3622 (25) 3778 (25)
Prevalent myocardial infarction, n (%) 628 (4) 655 (4)
Total cholesterol, mg/dL 21141 210+41
HDL cholesterol, mg/dL 50+15 50+15
Heavy alcohol use, n (%) 943 (6) 963 (6)
Smoking, n (%) 3491 (23) 3540 (23)
Diabetes mellitus, n (%) 890 (6) 927 (6)
LV hypertrophy, n (%) 183 (1) 194 (1)
Valvular heart disease, n (%) 399 (3) 418 (3)
Prevalent HF, n (%) 90 (1)
Prevalent AF, n (%) . 403 (3)

Values are mean=SD unless otherwise noted. AF indicates atrial fibrillation;
HDL, high-density lipoprotein; HF, heart failure; and LV, left ventricular.

have differential association with incident HFpEF or HFrEF
(P=0.66). Results were not materially different after adjust-
ment for cardiovascular disease (other than myocardial infarc-
tion) and kidney function.

Prevalent AF and Interim AF as Predictors of
Mortality After New HF

Of 759 participants with new-onset HF between 1980 and
2012 and available baseline examination data, 309 were clas-
sified as HFpEF, 360 as HFrEF, and 90 as unclassified HF. The
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mean age was 79«11 years in the HFpEF group and 77+10
years in the HFTEF group. Other baseline characteristics are
presented in Table II in the online-only Data Supplement.
Over a mean follow-up of 3.6+3.4 years, there were 221
deaths among individuals with HFpEF and 289 among those
with HFrEF. Cumulative incidence plots of mortality after HF
are presented in Figure 3A. Incidence rates of all-cause mor-
tality among those with HFpEF and HFrEF with versus with-
out prevalent AF are displayed in Table 2.

Prevalent AF was not significantly associated with mor-
tality among individuals with new-onset HFpEF or HFrEF
after multivariable analyses (Table 4 and Figure 3). In con-
trast, interim AF (159 events) was significantly associated
with mortality among individuals with both new HFpEF and
HFrEF (multivariable-adjusted HR, 1.58; 95% CI, 1.08-
2.30; P=0.02; and HR, 2.02; 95% CI, 1.46-2.79; P<0.0001,
respectively).

Prevalent HF and Interim HF as Predictors of
Mortality After New AF

Of 1191 individuals with new AF between 1980 and 2012
and available baseline covariates (Table II in the online-only
Data Supplement), a total of 214 (91 HFpEF, 99 HFrEF, 24
unclassified) had prevalent HF. Over a mean follow-up period
of 5.1+£3.8 years, 683 participants (57%) died. Cumulative
incidence plots by prevalent HF and HF subtype are shown
in Figure 3B. The incidence rates of mortality in AF were
highest in participants with prevalent HFrEF, followed by
those with prevalent HFpEF and lowest in those without HF
(Table 2). Among participants with AF, incidence rates of HF
were similar in men and women (50.7 and 56.0 events per
1000 person-years, respectively), with a higher incidence of
HFpEF in women (35.1 versus 21.2 events per 1000 person-
years) and lower incidence of HFrEF in women (12.4 versus
27.2 events per 1000 person-years; Table III in the online-only
Data Supplement). In exploratory analyses, we examined the
association of the CHADS2-VAsc score'® and incident HF
events in those with AF and found that each 1-point increment
in the score was associated with a 1.36-fold increased hazard
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Figure 2. Cumulative incidence of atrial fibrillation (AF) and heart failure (HF) among those with and without the other condition.

A, Cumulative incidence of AF (n=795) in participants with and without prevalent HF. B, Cumulative incidence of HF with preserved
ejection fraction (HFpEF; n=215) and HF with reduced ejection fraction (HFrEF; n=272) in participants with and without prevalent AF.
For 95% confidence interval estimates, please see Table V in the online-only Data Supplement.



G20z ‘gz Atenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumogd

488 Circulation February 2, 2016

Table 2. Incidence Rates for Incident Disease and Mortality
With and Without AF and HF

Incidence Rate

(per 1000

Outcome Group patient-y)* 95% Clt
Incident AF (n=795) Prevalent HF 47.8 241-71.6

No HF 7.9 7.3-8.4
Incident HF (n=549) Prevalent AF 314 24.0-38.8

No AF 4.8 44-53
Incident HFpEF (n=215) Prevalent AF 12.9 8.2-17.6

No AF 1.9 1.6-2.1
Incident HFrEF (n=272) Prevalent AF 13.2 8.5-18.0

No AF 24 21-2.7
Mortality after new HF Prevalent AF 290 251-329
(n=598)

No AF 244 218-270
Mortality after new Prevalent AF 259 203-315
HFpEF (n=221)

No AF 188 154-222
Mortality after new Prevalent AF 249 201-297
HFrEF (n=289)

No AF 262 221-304
Mortality after new AF Prevalent HFpEF 257 192-323
(n=683)

Prevalent HFrEF 302 231-373
No HF 120 109-131

AF indicates atrial fibrillation; Cl, confidence interval; HF, heart failure; HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart failure with reduced
ejection fraction; and HR, hazard ratio.

*Age (10-year interval) and sex standardized.

1The 95% Cl estimates assume a constant incidence rate over time.

of HF (95% CI, 1.26-1.48; P<0.0001), with modest discrimi-
natory capability (c statistic, 0.62; 95% CI, 0.59-0.66).

In multivariable analyses, both prevalent HFrEF and
HFpEF were associated with adverse outcomes in individu-
als with new AF (Table 4). However, those with prevalent
HFrEF appeared to have a worse prognosis compared with
those with HFpEF (prevalent HFrEF: HR, 2.72; 95% CI,
2.12-3.48; P<0.0001; prevalent HFpEF: HR, 1.83; 95% ClI,

Table 3. AF and HF as Predictors of Incident Disease

1.41-2.37; P<0.0001; P for comparison=0.02). In contrast,
interim HFpEF (n=105) and HFrEF (n=98) appeared to have
similar adverse associations with mortality (P=0.98 for com-
parison; Table 4). Results were not materially different after
accounting for the presence of pacemakers/implantable defi-
brillators at baseline (data not shown). In exploratory analy-
ses, we examined cause-specific death in participants with AF.
Age- and sex-standardized incidence rates of coronary heart
disease and other cardiovascular deaths were higher compared
with cerebrovascular deaths among those without HF (Table
IV in the online-only Data Supplement).

Discussion

Our findings highlight the close association of AF and HF,
with some distinct differences in timing between HFpEF and
HFrEF. More than half of the participants with HF had AF
at some point, with AF more likely to antedate than to fol-
low HF. Specifically, AF appeared to precede incident HFpEF
more frequently than it did incident HFrEF events. Similarly,
more than one third of participants with AF had HF, with most
developing HF onset after AF rather than beforehand. These
proportions emphasize the close association between these 2
conditions. In fact, previous data show that incidence of HF
after AF is nearly double that of stroke' and emphasize the
need for future HF prevention strategies similar to stroke pre-
vention strategies that are currently implemented after AF.
The incidence rates of both subtypes of HF after AF in our
study approach that of incident HF in individuals with mild
asymptomatic LV systolic dysfunction,® for which preventive
therapies exist. Furthermore, AF and HF conjointly appear to
portend a poor prognosis, with a higher risk among those with
HFrEF compared with HFpEF and new AF.

A previous study examined the temporal association of
AF and HF in the Framingham Heart Study in cases occur-
ring between 1948 and 1995.7 We now extend these findings
to a more contemporary sample between 1980 and 2012 and,
more important, examine the specific association with HFpEF
and HFrEF. Compared with the previous analysis, a greater
proportion of individuals have AF without HF, and AF more
commonly precedes HF now. These differences may be attrib-
utable to enhanced surveillance, detection, prevalence, or

Age and Sex Adjusted Multivariable Adjusted

Outcome Predictor HR (95% Ch)t PValue HR (95% Cht PValue
Incident AF (n=795)* Prevalent HF 3.42 (2.10-5.56) <0.0001 2.18 (1.26-3.76) 0.005

Interim HF 2.41(1.89-3.08) <0.0001 1.91 (1.48-2.46) <0.0001
Incident HFpEF (n=215)% Prevalent AF 3.11 (2.02-4.79) <0.0001 2.34 (1.48-3.70) 0.0003

Interim AF 1.78 (1.18-2.70) 0.006 1.52(0.99-2.31) 0.05
Incident HFrEF (n=272)t Prevalent AF 2.22 (1.47-3.34) 0.0001 1.32(0.83-2.10) 0.23

Interim AF 1.96 (1.37-2.81) 0.0002 1.71 (1.19-2.45) 0.003

AF indicates atrial fibrillation; Cl, confidence interval; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction; and HR, hazard ratio.
*Adjusted for age, sex, height, weight, systolic and diastolic blood pressures, diabetes mellitus, smoking, hypertension treatment, and history of myocardial infarction.
tAdjusted for age, sex, body mass index, hypertension treatment, smoking, alcohol, systolic blood pressure, history of myocardial infarction, heart murmur, diabetes
mellitus, and left ventricular hypertrophy.
FHR referent group is “no HF” in incident AF analyses and “no AF” in incident HF analyses.
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Figure 3. Kaplan—-Meier curves for all-cause death in those with heart failure (HF) and atrial fibrillation (AF). A, Cumulative incidence of
all-cause mortality (n=598) after new HF by AF status. B, Cumulative incidence of all-cause mortality after new AF (n=683) by HF subtype
status. For 95% confidence interval estimates, please see Table V in the online-only Data Supplement.

incidence of AF over time.*! Another recent population-based
study examined the temporal relationship of AF and HFpEF
in the Olmsted County cohort.?> Similar to our results, AF was
found to occur in more than half of individuals with HFpEF,
with incident AF after HFpEF bearing a worse prognosis com-
pared with AF before or concurrent with HFpEF presentation.
Our study expands these results to directly compare HFpEF
and HFrEF in relation to AF among the same study sample.
Other previous studies examining the association of AF
and HFpEPF>310222¢ yersus HFrEF>#10232528 with mortality
were focused largely on hospital-based cohorts with some
exceptions and showed variable results. A recent meta-analy-
sis demonstrated a worse prognosis of AF with HFpEF com-
pared with HFrEE."' Our findings show lower survival rates
among participants with conjoint AF and HF, with lowest
rates among participants with HFrEF and AF compared with

HFpEF and AF. Our study also suggests that timing matters:
Prevalent AF appears to be less associated with mortality once
HF has developed, likely as a result of a much higher mortality
rate with HF regardless of prevalent AF status. Similar find-
ings were previously described.” It may also be that prevalent
AF results in an earlier presentation of HF owing to poor tol-
erance of this arrhythmia, making lead-time bias a potential
explanation for our findings. Differences in our study com-
pared with other prior studies may be attributable to limita-
tions of studies without long-term follow-up, in which the
timing of incident AF relative to incident HF may be unclear.
Furthermore, HF disease severity appears to influence AF,*
and prior studies focused on participants with existing HFpEF
and HFrEF may have had variable disease severity or assess-
ment at different time points of HF progression. In contrast,
our study had the unique opportunity to examine timing from

Table 4. Concomitant AF and HF as Predictors of All-Cause Mortality

Age and Sex Adjusted Multivariable Adjusted

Outcome Predictor HR (95% Clyt PValue HR (95% CI)t PValue

Mortality after new HF (n=598) Prevalent AF 1.18 (0.98-1.42) 0.09 1.25 (1.04-1.51) 0.02
Interim AF 1.88 (1.50-2.35) <0.0001 1.89 (1.51-2.38) <0.0001

Mortality after new HFpEF (n=221) Prevalent AF 1.23 (0.90-1.68) 0.19 1.33(0.97-1.83) 0.08

Interim AF 1.66 (1.15-2.39) 0.007 1.58 (1.08-2.30) 0.02

Mortality after new HFrEF (n=289) Prevalent AF 1.19 (0.91-1.56) 0.2 1.18 (0.90-1.56) 0.23
Interim AF 2.03 (1.47-2.80) <0.0001 2.02 (1.46-2.79) <0.0001
Mortality after new AF (n=683) Prevalent HFpEF 1.85 (1.43-2.40) <0.0001 1.83 (1.41-2.37) <0.0001
Prevalent HFrEF 2.77 (2.18-3.51) <0.0001 2.72(2.12-3.48) <0.0001

Prevalent HFpEF vs HFrEF 0.67 (0.49-0.92) 0.01 0.67 (0.48-0.94) 0.02
Interim HFpEF 2.11(1.57-2.83) <0.0001 2.31 (1.72-3.11) <0.0001
Interim HFrEF 2.43(1.82-3.24) <0.0001 2.36 (1.76-3.16) <0.0001

) )

Interim HFpEF vs HFrEF

0.87 (0.59-1.26

0.46

0.98 (0.67-1.43

0.91

AF indicates atrial fibrillation; Cl, confidence interval; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection

fraction; and HR, hazard ratio.

*Adjusted for age, sex, systolic blood pressure, antihypertensive treatment, body mass index, diabetes mellitus, smoking, and history of myocardial infarction.
THR referent group is “no AF” in mortality after HF analyses and “no HF” in mortality analyses after AF.
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the first presentation of AF relative to incident HF and may
be less heterogeneous with respect to timing along disease
course.

Although overall differences are modest given the strong
association of AF with both HF subtypes, we show that preva-
lent AF precedes HFpEF in a higher proportion than HFrEF
(32% versus 23%, respectively). The mechanisms by which
AF may be different among HF subtypes remain incom-
pletely characterized. Melenovsky et al’ studied individuals
with existing HF and found that LA remodeling was distinct
among HF subtypes. Specifically, they observed eccentric LA
remodeling in HFrEF and greater LA stiffness in HFpEF, and
they suggested that greater LA stiffness may contribute to the
greater AF burden seen in HFpEF. Other studies have dem-
onstrated that diastolic dysfunction, a precursor of HFpEF,
also appears to predict incident AF.3*3! This association may
be attributable to similar underlying mechanisms driving AF
and HFpEF development, including myocardial inflammation
and fibrosis, leading to atrial interstitial fibrosis and AF,* as
well as HFpEF. % It also may be that AF is less well tolerated
in individuals predisposed to HFpEF particularly with exer-
tion and thereby may trigger clinical recognition of HE.*¥40
Interestingly, we found that individuals with HFpEF and those
with HFrEF are at similar risk of developing future AF, which
may reflect elevation in atrial pressures and remodeling in
both types of HF.

Several limitations of our analyses deserve mention.
First, AF was ascertained from all available ECGs and
Holter monitor readings. We may have missed clinically
unrecognized AF cases secondary to our reliance on medical
records plus periodic study examinations for the diagnosis
of AF. Although the majority of HF cases were classified as
HFpEF versus HFrEF, 15% remained unclassified because
of the unavailability of LV functional assessment at the time
of HF, and differential misclassification could have influ-
enced our results. Furthermore, HF adjudication was based
on Framingham criteria,* which did not take into account
biomarkers or echocardiographic data. This may have
resulted in HF being underdiagnosed compared with other
HF criteria. In addition, once a participant was diagnosed
with AF or HF, more frequent routine medical surveillance
may have resulted in ascertainment bias of the other con-
dition. Whereas we describe associations, we acknowledge
that our study is observational; we cannot rule out residual
confounding or prove causal relations. Specifically, we
were not able to account for emerging risk factors, includ-
ing obstructive sleep apnea, and did not account for interim
development of other risk factors. We were able to account
for the use of antihypertensive medications, including
P-blockers and calcium channel blockers; however, antiar-
rhythmics were not taken into account and are known to
have potential adverse effects, particularly among individu-
als with HE#' The cause of HF was not formally adjudi-
cated; specifically, the contribution of tachycardia-induced
cardiomyopathy to HF incidence in participants with AF in
our sample remains unknown. We classified HF on the basis
of imaging at the first presentation, and subsequent transi-
tions between HF subtypes after the first presentation were
not examined. Lastly, our sample is predominantly white,

limiting the generalizability of our finding, particularly in
light of racial differences in both AF and HF.#>%

Our data indicate that more than one third of individuals
with AF have HF at some point, with most developing HF
onset after AF rather than before their AF diagnosis. The
finding that HF follows rather than predates AF highlights
an opportunity for future studies focused on HF prevention
in AF. Clinically, the focus in patients with AF is largely
directed toward stroke prevention, with less focus on HF pre-
vention. The incidence rates of both subtypes of HF after AF
are comparable to the rate of incident HF among individuals
with asymptomatic LV dysfunction, classified as American
College of Cardiology/American Heart Association stage B
HF. Identifying those at greatest risk of HF using established
risk factors may help identify a population to target for future
intervention strategies.*

Conclusions

We show that AF occurs in more than half of individuals with
HF and that HF occurs in more than one third of individuals
with AF at some point in time. AF precedes and follows both
HFpEF and HFrEF, with some differences in temporal asso-
ciation. Lastly, AF and HF conjointly portend a poor progno-
sis, with a higher risk among those with HFrEF. Future studies
focused on underlying mechanisms of these dual conditions
and potential therapeutic strategies are warranted.
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CLINICAL PERSPECTIVE

Atrial fibrillation (AF) and heart failure (HF) frequently coexist and together confer an adverse prognosis. However, the
association of AF with HF subtypes has not been well-described. We studied the temporal association of new-onset AF and
HF with preserved versus reduced ejection fraction in participants of the Framingham Heart Study. We show that AF occurs
in more than half of individuals with HF and that HF occurs in more than one third of individuals with AF at some point of
time. We found that AF precedes and follows both HF with preserved ejection fraction and HF with reduced ejection fraction,
with some differences in temporal association: Prevalent AF was more strongly associated with incident HF with preserved
ejection fraction. Lastly, AF and HF conjointly portend a poor prognosis, with a higher risk among those with reduced ejec-
tion fraction. These findings shed light on the complex association of AF and HF, and future studies focused on underlying
mechanisms of these dual conditions and potential therapeutic strategies are warranted.




