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Patients with heart failure with preserved ejection fraction (HFpEF) and atrial fibrillation (AF) have increased
mortality and increased risk of stroke. Due to the heterogeneous nature of both disease processes, it is difficult to
ascertain whether the diagnosis and progression of AF is the cause of deterioration or if it is a symptom of
worsening heart failure. This presents physicians with a clinical conundrum of whether optimizing their heart
failure will decrease the overall AF burden or if restoration of sinus rhythm is necessary to optimize patients with
HFpEF. In this paper, we will review the impact of AF in patients with HFpEF, the pathophysiology and het-
erogeneity of HFpEF and AF, and the management of these patients. As HFpEF and AF become more prevalent,
managing these disease processes needs standardization to improve outcomes. Further research is needed to
understand the complex interplay between AF and HFpEF to help determine the best management strategy.

have different effects on HFpEF and AF. AF can be seen in as many as
41.9 % of patients with HFpEF compared to 37.6 % in patients with HF

1. Introduction

Heart failure (HF) with preserved ejection fraction (HFpEF) is a
heterogeneous disease process diagnosed in patients with “signs and
symptoms of HF with elevated natriuretic peptides and evidence of
structural heart disease with a left ventricular ejection fraction greater
than 50%” [1]. It is often associated with hypertension, older age, fe-
male sex, and atrial fibrillation (AF). Fig. 1 shows the hazard ratios of
specific risk factors for the incidence of HFpEF and AF. Advanced age,
increasing BMI, hypertension, diabetes and obstructive sleep apnea all
increase the risk of both HFpEF and AF. Alcohol and cigarette smoking

with reduced ejection fraction (HFrEF). Although the presence of AF
increased mortality in both types of HF, a multivariate regression
analysis showed AF to be associated with in-hospital mortality only in
HFpEF but not in HFrEF [2]. This is noteworthy because in patients with
HFpEF, AF is associated with increased mortality and stroke [3].
Patients with HFpEF and AF are typically complex patients with
multiple comorbidities. It can be challenging to ascertain whether the
diagnosis and progression of AF cause deterioration or if it is a symptom
of worsening HF. This presents physicians with a clinical conundrum of

Abbreviations: AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; BB, Beta-blocker; BMI, body mass index; CAD, coronary artery disease; CD,
cluster of differentiation; CHA;DS,-VASc score, congestive heart failure, hypertension, age > 75 years (doubled), diabetes mellitus, prior stroke or transient ischemic
attack or thromboembolism (doubled), vascular disease, age 65 to 74 years, sex category; CRP, C-reactive protein; DOAC, Direct oral anticoagulants; EAT, epicardial
adipose tissue; ECM, extra-cellular matrix; EF, ejection fraction; HF, heart failure; HFmrEF, heart failure with moderately reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; CI, confidence interval; ICA, isolated cardiac
amyloidosis; ICAM, immunoglobulin-like cell adhesion molecule; IDA, iron deficiency anemia; IL, interleukin; LA, left atrium; LAAO, left atrial appendage occlusion;
LV, left ventricle; MACE, major adverse cardiovascular events; NLRP3, NOD-like receptor family, pyrin domain-containing protein 3; RAAS, renin-angiotensin-
aldosterone; AFL, atrial flutter; RCTs, randomized controlled trials; SE, systemic embolism; SERCA2, sarco/endoplasmic reticulum calcium ATPase-2; SGLT2i, So-
dium-glucose linked transporter-2 inhibitors; T2DM, Type 2 diabetes mellitus; TGFb, transforming growth factor b; TNFa, tumor necrosis factor-alpha; VCAM,
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whether optimizing their HF will decrease the overall AF burden or if
restoration of sinus rhythm is necessary to optimize patients with
HFpEF, even in patients with adequate rate control. There has been a
growing body of evidence that in patients with both AF and HFpEF,
there is an increase in their overall mortality despite adequate rate
control [4]. Despite this information, the role of rhythm control in this
population is still under debate.

In this paper, we will review the impact of AF in patients with HFpEF
regarding its growing incidence and morbidity in our aging population.
We will discuss the pathophysiology and heterogeneity of HFpEF and
how AF interplays with each sub-group to include its predominance in
women. Finally, we will review the recent literature on managing pa-
tients with HFpEF and AF regarding stroke prevention, heart failure
optimization, and rhythm control.

1.1. Methods

An outline of topics pertaining to AF and HFpEF was created to guide
the group of authors to review the literature on their assigned topics. A
heart failure specialist and a cardiac electrophysiologist were paired for
each topic to search and review the literature and summarize their
findings. All AF types were included, and if specific types were studied,
this was noted in the review. Studies included in the review were ran-
domized clinical trials, systematic reviews, meta-analyses, and cohort
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studies. The first and last authors reviewed all the sections, created the
tables and Fig. 1, and created the manuscript for this narrative review.

2. Impact of AF on Patients with HFpEF
2.1. Prevalence

AF and HF are two frequently encountered cardiovascular disease
diagnoses, often called epidemics of modern medicine. Nearly 6.5
million individuals in the United States (US) carry the diagnosis of HF
[5], with preserved systolic function and reduced systolic function
(HFrEF) represented in a similar proportion [6]. Conversely, the burden
of AF is significant. In 2010, the prevalence of AF in the US was esti-
mated at 5.1 million [7]. HFpEF and AF often coexist, with the
concomitant prevalence estimated to be 40-60 %. In the Framingham
Heart Study with new-onset AF or HF, AF occurred in more than half of
individuals with AF, and HF occurred in more than one-third of in-
dividuals with AF.

The prevalence of AF was more strongly associated with HFpEF with
a multivariable-adjusted hazard ratio of 2.34 [8]. Since both conditions
are challenging to diagnose, both are likely being underdiagnosed, and
the incidence of the two comorbidities is likely higher. AF appears to be
more common in those with preserved EF and diastolic dysfunction. In
the Korean acute HF registry, the prevalence of AF significantly
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increased with increasing EF (HFrEF 28.9 %, HF with moderately
reduced EF (HFmrEF) 39.8 %, HFpEF 45.2 %; p for trend <0.001) [9]. In
the Swedish HF registry, the prevalence of AF was 53 %, 60 %, and 65 %
in HFrEF, HFmrEF, and HFpEF, respectively [10]. The presence of AF in
patients with dyspnea makes HFpEF a more likely diagnosis than other
non-cardiac causes of dyspnea since AF is weighted as 3 out of 9 points
[11].

2.2. Impact on mortality, heart failure, and stroke

Prior history of AF not only significantly increases the likelihood of
new-onset HFpEF [12] but is also associated with worse outcomes. Pa-
tients with HFpEF and AF have been shown to have increased mortality
and hospital admissions [13]. A meta-analysis of trials of AF and HFpEF
showed that AF was associated with an 11 % increased risk of all-cause
mortality in patients with HFpEF (HR 1.11, 95 % CI 1.09-1.12). AF was
an independent predictor of hospitalization for HF (HR 1.32, 95 % CI
1.15-1.52), cardiovascular death (HR 1.38, 95 % CI 1.01-1.89), and
stroke (HR 1.87, 95 % CI 1.54-2.27) [14].

In a multicenter prospective registry of patients with AF and HF, the
cumulative incidence of AF/systemic embolism (SE) was significantly
the highest in the HFpEF group at 22.8 + 10.0 months (P = 0.020). The
stroke/SE risk was higher in the HFpEF group than in the HFmrEF and
HFrEF groups (hazard ratio, 3.192; 95 % confidence interval,
1.039-9.810; P = 0.043). E/e’ value was an independent risk factor for
stroke/SE. There were no significant differences in the incidence of
major bleeding across the groups [15].

Since AF and HFpEF often coexist, developing a correlative versus
causative relationship is complex. The three most common hypotheses
regarding the relationship between HFpEF and AF are: AF may be the
sole cause or one of the main causal agents for HF; AF is the result of the
atrial hemodynamics caused by progressive myocardial dysfunction in
HF; and AF and HF are both associated with a third factor that affects the
underlying atrial and ventricular myocardium such as ischemia,
inflammation or infiltration [16]. Likely, all the scenarios play a role in
HFpEF and AF, but which approach a clinician takes can significantly
impact management and outcomes [8].

Clinicians are more often aware of the presence of AF once a patient
is diagnosed with HF. This may be because AF is not tolerated as well in
patients with diastolic dysfunction and therefore triggers earlier clinical
recognition [17]. Clinicians also tend to be more aggressive in pursuing
rhythm control in patients once they are diagnosed with HFpEF, given
that the most significant benefit of rhythm control is typically seen in
patients already diagnosed with HF [16,18,19]. In contrast, the devel-
opment of AF in patients with preexisting HF, whether HFrEF or HFpEF,
is usually associated with a worse prognosis [14,20]. Even when these
patients have improved clinical outcomes, they remain at risk for
recurrent HF, especially if significant cardiac remodeling occurs before
rhythm control is achieved [21]. However, those with left atrial reverse
remodeling (about 60 %) have a better prognosis [22].

2.3. AF and HFpEF in specific conditions

2.3.1. Mitral regurgitation

Functional mitral regurgitation is frequently seen in patients with AF
and HFpEF and is postulated to be related to the left atrial dimension
[23]. In the ARIC (Atherosclerosis Risk in Communities) study, AF was
more likely in those with higher mitral regurgitation severity regardless
of HF subtype; however, when stratified by HF type, the association
between AF and 1-year mortality was noted in patients with HFpEF (OR,
1.28, 95 % CI 1.04-1.56) but not HFrEF (OR 0.96, 95 % CI 0.79-1.16)
(interaction by EF subtype, P = 0.02) [24].

2.3.2. Coronary artery disease
The impact of coronary artery disease (CAD) on AF and HFpEF was
studied in 408 hospitalized HFpEF patients enrolled in the Japanese
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Heart Failure Syndrome with Preserved Ejection Fraction Nationwide
Multicenter Registry. Patients were divided into 4 groups according to
the presence of AF and CAD. The primary outcome was the composite of
all-cause death and HF rehospitalization. The incidence of adverse
events was higher in the AF/non-CAD than non-AF/non-CAD group (P
= 0.004). In contrast, the risk was comparable between the AF/CAD and
non-AF/CAD groups (adjusted HR, 1.24; 95 % CI: 0.64-2.47). In other
words, in patients with HFpEF but without CAD, AF was independently
related to adverse events; in patients with CAD and HFpEF, AF had no
prognostic impact [25].

2.3.3. Amyloidosis

Cardiac amyloidosis may be an underappreciated cause of both AF
and HFpEF. In an autopsy study of 1083 patients without known
amyloidosis, 3 % were found to have isolated cardiac amyloidosis [ICA].
Among those with ICA, half had a history of persistent AF. In patients
without ICA, a history of AF was noted in 16 %, half persistent and half
paroxysmal. Patients with ICA were older and had higher odds of AF
independent of age and CHADS,-VASc score (congestive heart failure,
hypertension, age > 75 years (doubled), diabetes mellitus, prior stroke
or transient ischemic attack or thromboembolism (doubled), vascular
disease, age 65 to 74 years, sex category). Among patients with AF, those
with ICA were more likely to have persistent forms of AF and had a lower
sinus rhythm P-wave amplitude [26]. Amyloidosis is a known cause of
HFpEF. While the exact prevalence of cardiac amyloidosis is unknown,
studies estimate the presence of 13-14 % in HFpEF patients [27,28].

3. Pathophysiology and Heterogeneity of HFpEF and AF

The complex pathophysiology of AF in HFpEF has been the subject of
intense investigation. AF is typically initiated by ectopic electrical
excitation emanating from the pulmonary veins [29]. In order for AF to
propagate and persist, an arrhythmogenic atrial substrate is essential.
The concurrence of HFpEF and AF would indicate that the many risk
factors and underlying mechanisms driving the progression of HFpEF
are also necessary for the formation of arrhythmogenic atrial substrate
[30-32]. These processes likely culminate in atrial fibrosis and left atrial
(LA) myopathy, key abnormalities that distinguish AF in HFpEF.

Fig. 2 shows the possible mechanisms of left atrial myopathy in
HFpEF-AF [33]. The physiologic hallmarks of HFpEF are impaired
ventricular relaxation and decreased ventricular compliance, leading to
increased atrial filling pressures. These findings are reflected in the
reversal of the E:A ratio on echocardiography. Reduced passive blood
flow from the LA to the LV (i.e. reduced E wave) results in increased
atrial preload, requiring increased atrial ejection fraction during active
filling (the A wave) in order to maintain cardiac output. Increased atrial
ejection fraction increases energy demands on atrial myocytes and may
play a role in subsequent atrial hypertrophy, dilation, and remodeling.
As diastolic dysfunction progresses, increased LA pressure results in
increased early diastolic filling accompanied by reduction of the A wave
(due to impaired ventricular compliance and increased LV end-diastolic
pressure) resulting in the “pseudo-normalization” pattern. This is fol-
lowed by a restrictive filling pattern where nearly all LV filling occurs in
the beginning of diastole. This results in a large E wave, short deceler-
ation time, and small A wave, findings associated with very high filling
pressures.

Increased atrial volume and filling pressures likely contribute to LA
dilatation, which commonly occurs in patients with HFpEF [34]. Atrial
volume index is a strong predictor of incident AF [35]. Increased atrial
wall stress due to increased volume and pressure promotes fibrosis and
ion channel remodeling, resulting in shortened refractory periods. LA
enlargement allows for multi-wavelet reentry phenomenon which pro-
motes the maintenance of persistent AF.

On the cellular level, a primary factor that leads to AF in HFpEF may
be systemic inflammation [36]. The various risk factors for AF and
HFpEF, including aging, hypertension, obesity, and sleep apnea, have
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Fig. 2. Proposed mechanisms of left atrial myopathy in atrial fibrillation-heart failure with preserved ejection fraction and current treatment options.

HFpEF is characterized by a global inflammatory/fibrotic cardiomyopathy concurrently involving the left atrium (LA). AF promotes atrial remodeling that can lead to
marked LA dilatation, incurring a mechanism of LA pressure elevation related to pericardial restraint and heightened ventricular interaction (described by Reddy et
all4). COPD indicates chronic obstructive pulmonary disease; LVEDP, left ventricular end-diastolic pressure; OSA, obstructive sleep apnea; RV, right ventricle; and
SGLT2, sodium-glucose cotransporter 2 inhibitors. Copied with permission from Zakeri, R [33].

long been associated with high circulating levels of proinflammatory
cytokines [37,38]. These comorbidity-associated systemic inflammatory
states are observed to be predictive of incident HFpEF but not of HFrEF
[39]. Both acute (e.g. sepsis) and chronic inflammatory states (e.g.
rheumatoid arthritis, psoriasis, inflammatory bowel disease) have also
been linked to higher rates of AF [40-44]. Similarly, patients with
autoimmune diseases more commonly develop HFpEF than HFrEF [45].

Longitudinal cohort studies that utilize inflammatory markers to
predict either HFpEF or AF bear striking similarities. Elevated plasma
levels of tumor-necrosis factor alpha (TNFa), E-selectin, ICAM-1, and
VCAM were found to increase the risk of incident HFpEF [39,46,47].
Similarly, various inflammatory markers, including TNFa, CRP, IL-6,
and white blood cell count, have been associated with an increased
risk of incident AF and are markedly higher in patients experiencing
recurrent AF after ablation [48-50].

It is important to note that the exact causative mechanisms linking
inflammatory markers and AF in HFpEF remain unclear. These inflam-
matory processes must promote alterations to the electrophysiological
properties of atrial tissue resulting in decreased conduction velocity,
shorter refractory periods, and shortened action potential duration [36].
An important step in this process, inflammatory cell infiltration, espe-
cially of CD68 positive macrophages, has been observed in atrial tissue
among patients with AF meeting HFpEF criteria [51,52]. Macrophages
in atrial tissue of patients with AF have been found to have elevated IL-6
and transforming growth factor b (TGFb) production [53]. Furthermore,
atrial tissue of patients with AF demonstrate increased IL-6, IL-8, IL-10,
and TNF levels [54].

These cytokines may have a direct impact on the electrophysiological
properties and arrhythmogenicity of atrial tissue. In vitro and murine
models demonstrate how IL-6 may regulate the expression of gap
junction channels on cardiomyocytes and may enhance L-type calcium
channel and decrease sarco/endoplasmic reticulum calcium ATPase-2
(SERCA2) expression [55-58]. TNF may directly impact murine car-
diomyocytes resulting in abnormal calcium handling [59-61]. In a
rabbit model, direct TNF treatment of isolated pulmonic vein car-
diomyocytes resulted in decreased SERCA2 expression, abnormal

calcium handling, and thus increased susceptibility to delayed after
depolarizations [62]. Experimental models have also demonstrated
electrical remodeling that promote AF in response to other cytokines
such as nuclear factor-kappaB and NLRP3 [36].

Moreover, inflammation may result in atrial tissue with heteroge-
neous electrical properties that can propagate AF. A key driver of this
heterogeneity, atrial fibrosis plays a central role by decreasing atrial
conduction velocity [36]. It has been postulated that common inflam-
matory precursors result in differing disease manifestations depending
on the site of fibrosis i.e. AF in the atria and HFpEF in the ventricle.

Much like in the ventricular myocardium in HFpEF [63-66],
inflammation and oxidative stress can precipitate atrial fibrosis [67].
Pro-inflammatory cytokines and other signals, including mechanical
stress, activate various pro-fibrotic cell membrane receptors i.e. con-
nective tissue growth factor, angiotensin-II, platelet-derived growth
factor, and TGFb [68,69]. Downstream, these activate systems that
result in phosphorylation of mitogen-activated protein kinases that then
increase the production of certain ECM proteins, enzymes that process
collagen, and signaling molecules that further potentiate the fibrotic
process in a positive feedback loop [67]. TGFb and angiotensin II type 1
activation result in the production of reactive oxygen species that affect
further fibrosis and atrial structural remodeling [70].

Interactions between fibroblasts and cardiomyocytes also introduce
an arrhythmogenic substrate. In vitro models have demonstrated the
formation of low-resistance electric junctions that are capable of
mutually modulating electrical activity [71,72]. Interactions between
these cell types may enhance delayed after depolarization and promote
ectopic impulse generation, slow conduction, and arrhythmia genera-
tion [72,73]. Mathematical models suggest that fibroblast remodeling
may significantly alter the persistence of AF [74]. Beyond fibroblast-
cardiomyocyte electrical coupling, collagen formation may also result
in physical separation of cardiomyocytes [75]. The degree to which
electrical coupling or physical separation influence AF propagation re-
mains unclear.

Another factor further linking co-morbidity associated inflammation
to AF risk in HFpEF is epicardial adipose tissue (EAT). EAT expansion
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has been observed particularly among HFpEF patients with obesity and
Type 2 diabetes mellitus (T2DM) and found to be strongly predictive of
AF [76-78]. Since it shares a common vascular supply and exists without
fascial barriers, EAT may be poised to exert paracrine action on atrial
myocardium [79]. In support of this, rat models have shown EAT release
of pro-fibrotic cytokine activin A, a TGFb subtype, to neighboring atrial
tissue [80]. EAT may also infiltrate atrial subepicardium introducing
areas of low voltage, conduction slowing, greater fractionation, and
worsening atrial electrical heterogeneity [81].

Despite the common inflammatory precursors, atrial fibrosis and
resultant LA myopathy may occur independently of LV myopathy [82].
LA myopathy is associated with distinct alterations in plasma proteins
associated with cardiomyocyte stretch, ECM remodeling, and immune
dysregulation [83]. Beyond electrophysiological alterations, LA fibrosis
results in abnormal LA mechanics, which progressively worsen with
increasing AF burden in HFpEF [84]. AF-HFpEF patients also demon-
strate inappropriate activation of the renin-angiotensin-aldosterone
(RAAS) and sympathetic nervous systems that result in heterogeneous
shortening of refractory periods within atrial tissue, creating a prime
arrhythmogenic substrate [85]. RAAS activation further increases
angiotensin II production which in turn stimulates fibroblasts and
further fibrosis [86,87]. Additionally, AF-HFpEF patients experience
relatively high LA pressures as a result of LV diastolic dysfunction,
elevated filling pressures, intrinsic LA stiffness, or mitral regurgitation.
The heterogenous degrees of LA wall stress introduced by these factors
may further create niduses for fibrosis and AF [88].

4. Management of patients with HFpEF and AF

Medical management of HFpEF with concomitant AF is still a chal-
lenge due to the heterogeneity of the HFpEF population. Currently, the
2022 heart failure guidelines has a class 2b recommendation to treat AF
in patients with HFpEF to improve symptoms [89]. Treatment targets for
AF in HFpEF can be divided into three categories: lifestyle modifications,
pharmacologic interventions, and catheter ablations.

4.1. Stroke prevention in HFpEF-AF

There is increased stroke risk in patients with HF and AF (HF-AF)
compared to those with AF and no heart failure [90]. Stroke risk in
HFrEF and HFpEF are similar, and the presence of HF, regardless of
ejection fraction, remains a risk factor [91]. Stroke prevention is also
challenging in patients with HFpEF-AF due to the heterogeneity and
diverse phenotypes of the population [92]. As the 2023 American Col-
lege of Cardiology Expert Consensus Decision Pathway on Management
of HFpEF stated, most patients with HFpEF would benefit from anti-
coagulation by CHA;DS,-VASc (congestive heart failure, hypertension,
age > 75 years (doubled), diabetes mellitus, prior stroke or transient
ischemic attack or thromboembolism (doubled), vascular disease, age
65 to 74 years, sex category) score since the prevalence of older age and
hypertension [93]. Current guidelines recommend chronic anti-
coagulation for patients diagnosed with AF and thromboembolic risk
factors. In HF patients, embolic risk at baseline is higher, which limits
the discriminatory value of when to initiate anticoagulation with the
CHA3DS,-VASc score.

Nonvitamin K direct oral anticoagulants (DOAC) are the first-line
treatment for stroke prevention in AF. Rivaroxaban and apixaban (fac-
tor Xa inhibitors) are efficacious and safe compared to warfarin along
with dabigatran (direct thrombin inhibitor) [94]. Currently, no trial has
randomized HFpEF-AF only patients to anticoagulation. Meta-analysis
of randomized controlled trials (RCTs) studied patients with HF and
AF, concluding high-dose and single-dose DOACs had better safety
profiles and efficacy compared to warfarin for reducing stroke and
systemic embolism rates and lower rates of major bleeding, specifically,
intracranial bleeding [95]. There was no difference in lower doses be-
tween those with and without HF [95].
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Vitamin K antagonists (VKA) were the gold standard until the arrival
of DOACs. VKAs are superior to the single agent (aspirin) and dual an-
tiplatelet therapy for preventing vascular events [96]. For HF-AF pa-
tients with mechanical valves, moderate mitral valve stenosis, and
antiphospholipid syndrome, VKAs remain first line [97]. Specific chal-
lenges to using VKAs in patients with HF are commonly attributable to
polypharmacy and episodes of decompensated HF leading to hepatic
congestion and the effect on the metabolism of VKAs. Additionally, from
the patient’s perspective, using VKAs can be burdensome with a narrow
therapeutic window, frequent monitoring, and dietary impacts [98].

The left atrial appendage is the most common site of thrombus for-
mation and left atrial appendage occlusion (LAAO) device is another
method for stroke prevention in HFpEF and AF [99,100]. A review of
four-year data from the National Inpatient Sample from 2015 to 2019
evaluated post-procedure and in-hospital outcomes and found no dif-
ference between patients with HFrEF-AF and HFpEF-AF compared to
patients without HF [100]. However, HF was associated with more
extended hospital stays and increased cost [100]. In Germany, a study
found that patients with congestive heart failure (CHF) had no increased
major adverse cardiovascular events (MACE) compared to non-HF after
LAAO, similar across all types of HF (preserved, mid-range, and reduced
EF) [101]. LAAO devices were non-inferior in the efficacy of stroke
prevention but did show increased implantation failure for patients with
HF [102]. Further research is necessary to determine whether there are
differences in long-term outcomes in patient with HFpEF and LAAO due
to their underlying progressive atrial myopathy and fibrosis.

4.2. HFpEF-AF medical therapy

Sodium-glucose linked transporter-2 inhibitors (SGLT2i) are associ-
ated with reduction and possibly protective effects against the devel-
opment of AF [103]. In PRESERVED-HF and EMPEROR-Preserved,
SGLT2i efficacy in HFpEF decreased HF hospitalizations and improved
quality of life with no AF interaction [104-106]. In DECLARE-TIMI 58
(Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Inci-
dence of Cardiovascular Events), a population with risk factors for
HFpEF, dapagliflozin reduced the first-time overall incidence of AF/
atrial flutter (AFL) episodes independent of whether or not the patient
had diabetes [107]. There are several suggested ways that SGLT2i play a
role in reducing AF/AFL burden. They have been shown to lower blood
pressure, oxidative stress, inflammation, and sympathetic overdrive, all
contributing to AF burden [107]. Through natriuresis and diuresis,
SGLT2i may reduce LA dilatation. Epicardial fat has also been linked
with worse AF burden, and SGLT2i are associated with decreased
epicardial fat volume [108]. Increased glycemic variation is also pro-
posed to worsen AF in animal studies and the low risk of hypoglycemia
with SGLT2i may contribute to their favorable association with reduced
AF [109]. Based on the results of the EMPEROR-Preserved trial, the
2022 ACC/AHA/HFSA guidelines for the management of HF give
SGLT2i a class 2a recommendation as potentially beneficial for reducing
HF hospitalizations and CV mortality [89].

Aside from the treatment of hypertension, diuretics remain the only
class I recommended therapy for HFpEF with congestive symptoms in
HF guidelines. AF has been associated with elevated filling pressures
during right catheterization [84]. However, when HF type was further
stratified, AF did not significantly impact response to diuretic therapy in
hospitalized HFpEF patients, and treating AF remains a 2a recommen-
dation for treatment in the current HF guidelines [89,110]. Few studies
have sufficient HFpEF patients with AF. IMPRESS-AF trial studied
HFpEF-AF randomized to spironolactone or placebo and showed no
benefit with quality of life or exercise capacity [111]. The RATE-HF trial
showed that in patients with predominant HFpEF, BB had no benefits in
permanent AF compared to digoxin for rate control [112]. Excessive rate
control in HFpEF may exacerbate chronotropic incompetence and
worsen activity tolerance [113]. Withdrawal of BB showed improved
symptoms and functional class in stable HFpEF with 38.5 % having a
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prior history of AF. The optimal rate control agent for AF in HFpEF re-
mains unclear [114].

4.3. HFpEF-AF lifestyle intervention and risk factor modification

HFpEF and AF are diseases of aging and a manifestation of patient co-
morbidities [7,91,115]. HFpEF-AF patients’ morbidity and mortality are
commonly from noncardiac causes, highlighting the necessity of tar-
geting non-cardiovascular comorbidities that can impact HFpEF-AF
patients [116]. The treatment of pro-inflammatory conditions such as
HTN, iron deficiency, obesity, and sleep disordered-breathing are
helpful in slowing the progression of HFpEF-AF [65].

Lifestyle modifications should be recommended in patients with
HFpEF-AF for optimal treatment. RACE 3 was a randomized controlled
AF trial that showed targeted therapy of underlying conditions (hyper-
tension, hyperlipidemia, obesity, heart failure) improves sinus rhythm
maintenance in patients with persistent AF [117]. Hypertension is also a
known risk factor for development of AF and HFpEF [118]. In fact, the
prevalence of hypertension in patients with HFpEF was 67 % in the
European Society of Cardiology HF registry [119].

In the Women’s Health Initiative cohort of 93,676 females, for every
1 kg/m2 increase in BMI, AF relative risk increased by 12 % [120]. The
LEGACY trial showed a 6-fold reduction of probability of AF recurrence
with a 10 % reduction in weight [121]. Due to the link between obesity
and HFpEF a Body Mass Index >30 is factored with 2 points in the
H2FPEF score [12]. In a randomized control trial, weight loss decreased
AF recurrence and the maladaptive left atrial remodeling [122]. Another
randomized control trial showed that weight loss led to improvement in
exercise capacity and quality of life [123]. Although, substantial weight
loss can reduce epicardial fat, which is thought to release proin-
flammatory and profibrotic mediators leading to myocardial injury,
myocardial remodeling, and ultimately worse hemodynamics and ex-
ercise tolerance [124].

Meta-analysis of six RCTs, showed that exercise training in HFpEF is
associated with improved cardiorespiratory fitness and quality of life
[125]. In a trial of obese patients with HFpEF, a low-calorie diet with an
exercise regimen showed improvement in peak VO2 [123]. Physical
activity is closely related to both AF and HFpEF. In the TOPCAT trial,
every ten-fold increase of physical activity was associated with a 42.8 %
risk reduction of AF occurrence, suggesting that a higher physical ac-
tivity level is associated with a lower risk of AF in HFpEF patients [126].

There is a high incidence of sleep apnea in patients with AF and
HFpEF. In a prospective study of 188 consecutive AF patients referred
for catheter ablation, home sleep apnea testing was positive in 82 % of
patients, moderate or severe in more than half [127]. Similarly, the
prevalence of sleep disordered breathing was found to be around 70 % in
patients with HFpEF [128].

Multiple large population-based studies have shown associations
between DM and AF. The Framingham Heart Study showed that in 4731
individuals, DM was significantly associated with development of AF
after adjustment for confounders (odds ratio, 1.4 for men, 1.6 for
women) [129]. Among patients with HFpEF older than 50 years, 50 % of
patients in the PARAGON-HF trial and conferred an increased risk of
cardiovascular death and HF hospitalizations [130].

It is established that iron deficiency anemia (IDA) is a significant
contributor to worse outcomes in HFrEF. Additionally, there is evidence
that IDA is an independent risk factor for heart failure, major bleeding,
and death in patients with AF [131]. One study found a higher recur-
rence of AF after catheter ablation in patients with IDA [132]. DAMO-
CLES was a prospective cohort study looking at IDA in HFpEF and found
IDA associated with decreased quality of life and worse exercise capacity
[133]. IDA effect on HFpEF with concomitant AF needs further
investigation.
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4.4. HFpEF-AF Rhythm control strategies

Rhythm control for AF in patients with HFpEF can be achieved by
anti-arrhythmic drugs or catheter-based ablation strategies. Anti-
arrhythmic medications used for rhythm control in atrial fibrillation
are Vaughn Williams class I or class III. Most of these medications can be
used in patients with HFpEF, however, class I anti-arrhythmic drugs
should be avoided in patients that do not have structurally normal hearts
but with preserved ejection fraction such as those with amyloid,
sarcoidosis, hypertrophic cardiomyopathy, coronary artery disease with
infarct.

Catheter ablation for AF has been shown to decrease HF hospitali-
zation, mortality and decrease AF burden in HFrEF patients [134]. In
contrast, there are no RCTs comparing rhythm to rate control in HFpEF-
AF. However, some data suggest favorable outcomes of rhythm control
over rate control. An observational study showed patients with rhythm
control had lower rates of all-cause mortality, all-cause readmissions, HF
readmissions, and ischemic stroke readmissions compared to those
receiving rate control [135]. In addition, a meta-analysis of 5 observa-
tional studies showed that rhythm control (ablation and/or antiar-
rhythmic medications) was associated with lower all-cause mortality
(odds ratio 0.735, 95 % confidence interval 0.665-0.813; P < 0.001)
compared to rate control [136]. Regarding specific options for rhythm
control, RCTs showed no benefit in using antiarrhythmics versus rate-
controlling strategies in patients with HF. However, these studies did
not specifically look at HFpEF patients.

Similarly, although there are no RCTs comparing catheter ablation to
medical management of HFpEF-AF, a post hoc subgroup analysis of the
CABANA trial showed a significant reduction in all-cause mortality in
the ablation group [137]. A single center study on HFpEF-AF compared
catheter ablation with medical therapy also showed improvement in HF
symptoms, diastolic function and heart failure hospitalization with
catheter ablation [138]. Currently available data favors catheter abla-
tion in reducing HFpEF severity, hospital admission rates, and all-cause
mortality, however, dedicated prospective RCTs are warranted to sup-
port evidenced-based guidelines, specifically for HFpEF with AF. Table 1
is a summary of clinical trials that are currently investigating patients
with HF including those with HFpEF and how to manage AF. These
studies will be crucial in how we effectively manage these complex
patients.

5. Conclusion

In conclusion, HFpEF and AF are becoming more prevalent as the
population ages with increased longevity and more comorbidities. This
narrative review of the current literature provided an update on the
impact, pathophysiology, and management of patients with concomi-
tant HFpEF and AF. Studies from Korea and Sweden have found that the
prevalence of AF significantly increased with increasing EF. HFpEF and
AF share many comorbidities, and it is especially important to consider
cardiac amyloidosis as a cause of HFpEF since it can be found in 13-14 %
of patients with HFpEF. A registry found that HFpEF is associated with a
higher risk of stroke or systemic embolism than in patients with HFmrEF
and HFrEF. In addition, studies have shown that AF increases mortality
and hospital admission in patients with HFpEF but not with HFrEF. It has
also been found that SGLT2i are associated with reduction and possibly
protective effects against the development of AF. These important
findings of this review are listed in Table 2. Further research is needed to
understand the complex interplay between AF and HFpEF to help
determine the best management strategy.

Currently, there is limited data for this growing population.
Adequately powered prospective clinical trials would be useful in
determining which strategy has the best efficacy and safety profile.
There are some promising trials (Table 1) evaluating interventions that
target left atrial substrate and risk factors for AF and HFpEF with the
goal that perhaps the best intervention may be prevention. Currently,
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Table 1
Clinical trials investigating rate and/pr rhythm management of patients with AF that includes HFpEF patients.
Study Inclusion Criteria # of Mean Women  Management Endpoint Treatment Duration of Outcome
patients Age Comparison (PVI/meds/ follow-up
both) (years)
RACE-AF NHYA II/IIT 261 69 35 % Rate versus rhythm Mortality and Meds 2.3 Non-
hospitalization inferiority
CABANA- NHYA II-IV 778 68 44 % PVI versus medications Mortality, Stroke, Both (PVI 49 4.0 PVI superior
HF (post Bleeding, Cardiac Arrest %)
hoc)
RACE 3 HFpEF = NYHA I-III 245 64 21 % Rhythm control for AF Maintenance of sinus Meds 1.0 HF and AF
and LVEF >45 % and treatment for HF rhythm for a week on treatment is
(HFrEF = NYHA I-III versus treatment of ambulatory cardiac superior
and LVEF <45 %) comorbidities monitoring
EAST- Stable HF (56 % 2789 70 46 % Early rhythm control CV Death, stroke, HF or ~ Both (PVI 13 5.1 Early rhythm
AFNET4 with HFpEF) versus usual care ACS hospital stay %) control is
superior

Abbreviations: ACS — acute coronary syndrome, AF- atrial fibrillation, CABANA-HF - Catheter Ablation Versus Antiarrhythmic Drug Therapy for Atrial Fibrillation in
heart failure patients, CVD — cardiovascular, EAST-AFNET4 - Early Treatment of Atrial Fibrillation for Stroke Prevention Trial, HF- heart failure, HFpEF — heart failure
with preserved ejection fraction, LVEF — left ventricular ejection fraction, NYHA — New York Heart Association, PVI — pulmonary vein isolation, RACE-AF — RAte

Control versus Electrical cardioversion for persistent atrial fibrillation.

Table 2
Summary of important findings.

Epidemiology

o The prevalence of AF is significantly increased with increasing EF in studies from
Korea and Sweden.

Associated co-morbidities and risk factors

e HFpEF and AF share the following comorbidities and risk factors: hypertension,
older age, increased body mass index, obstructive sleep apnea, and diabetes.

e 13-14 % of patients with HFpEF may be due to cardiac amyloidosis

Stroke risk

o A registry showed that the risk of stroke or systemic embolism was higher in the
HFpEF group than in the HFmrEF and HFrEF groups.

Mortality risk

o Studies have shown that AF increases mortality in patients with HFpEF but not with
HFrEF.

o Patients with HFpEF and AF have been shown to have increased mortality and
hospital admissions.

Pathophysiology and treatment

In patients with HFpEF, increased inflammatory markers are associated with

recurrent AF after ablation.

Patients with AF and HFpEF demonstrate inappropriate activation of the renin-

angiotensin-aldosterone system and sympathetic nervous systems resulting in het-

erogeneous shortening of atrial refractory periods, creating a prime arrhythmogenic

substrate.

Sodium-glucose linked transporter-2 inhibitors are associated with reduction and

possibly protective effects against the development of AF.

Abbreviations: AF — atrial fibrillation, HFpEF — heart failure with preserved
ejection fraction, HFmrEF- heart failure with moderately reduced ejection
fraction.

there are no guidelines for lifesaving devices such as implantable
cardioverter-defibrillator devices for patients with HFpEF. As more data
shows the higher risk of mortality in patients with HFpEF-AF compared
to HFrEF-AF, studies will need to evaluate whether treatment of AF
alone can decrease the risk of mortality or if these patients can benefit
from implantable cardioverter-defibrillator devices.

5.1. Practical implications of this review

This review offers a summary of the current literature on the inter-
section of two important diseases that afflict many patients, AF and
HFpEF. As the population ages, these two diseases are becoming more
common. Since AF increases mortality and hospital admission in pa-
tients with HFpEF but not with HFrEF, careful attention to ensure that
patients with HFpEF are treated with guideline-directed medical therapy
are needed. American guidelines for the treatment of heart failure have
only been recently published and may not be as widely implemented as
the treatment for HFrEF.
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