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Heart failure with preserved ejection fraction (HFpEF) is a heterogenous syndrome with varying pheno-
typic expression. The phenotype chronic kidney disease (CKD) associated HFpEF is increasing in
prevalence globally and is associated with increased morbidity and mortality compared to other HFpEF
variants. These 2 conditions share common risk factors, including obesity, diabetes, and metabolic syn-
drome, as well as similar pathophysiology, including systemic inflammation, oxidative stress, elevated
neurohormones, mineralocorticoid-receptor activation, and venous congestion. Given the coexistence of
CKD and HFpEF, the diagnosis of HFpEF can be difficult. Moreover, treatment options for HFpEF have
remained limited despite the success seen in its counterpart, heart failure with reduced ejection fraction.
HFpEF encompasses complex multisystem pathophysiological perturbations beyond neurohormones, it is
unlikely that a single agent can have significant benefit in this population. Recent data on sodium–glucose
cotransporter 2 (SGLT2) inhibitors in HFpEF and CKD, and on glucagon-like peptide-1 (GLP-1) agonists
and mineralocorticoid-receptor antagonists in metabolic syndrome, which target multiple pathways
simultaneously, have led to promising therapeutics for HFpEF and CKD. In this perspective, our goal is to
increase awareness of HFpEF as a multisystem disorder that shares the same disease processes seen in
CKD and to emphasize that its management in individuals with CKD warrants a collective and multi-
disciplinary approach.
© 2023 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Heart failure (HF) is one of the most common chronic
diseases affecting approximately 1% of individuals 65

years and older in the US and is responsible for one million
hospitalizations and 3 million outpatient visits yearly.1

Currently, heart failure with preserved ejection fraction
(HFpEF) accounts for approximately 50% of the HF pop-
ulation. However, its prevalence is increasing compared to
that of heart failure with reduced ejection fraction
(HFrEF), and it is becoming a global health care burden.1

More importantly, despite improvements in the prognosis
of HFrEF with modern evidence-based treatments, the
prognosis of patients with HFpEF has been stagnant over
the same time.

One of the reasons for the disparity between advances
in treatment of HFpEF and HFrEF is that the distinct
pathophysiological mechanisms that cause HFpEF have not
been well-elucidated. It is increasingly recognized that
instead of cardiac ailment as the primary inciting event,
HFpEF is a syndrome of multisystem processes that act
synergistically to cause clinical expression of HFpEF. Kid-
ney disease is highly prevalent in patients with HFpEF and
is considered to play a central role in this paradigm. In this
review, we examine HFpEF through the lens of its major
underlying comorbidity, kidney disease, and explore the
cardiorenal pathophysiology that leads to dysfunction in
both the cardiac and kidney systems. Our goal is to in-
crease awareness of HFpEF as a systemic disorder and to
emphasize that its management warrants a collective and
multidisciplinary approach. For the purpose of this
manuscript, the discussion is focused on individuals with
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kidney disease not requiring maintenance dialysis or
transplant.
WHAT IS HFpEF?

The chief problem inHFpEF is diastolic dysfunctionwhich is
a functional abnormality in left ventricular relaxation due to
fibrosis and negative cardiovascular remodeling of the left
ventricle (LV) and the great vessels. The reduced ventricular
compliance and increased passive stiffness lead to height-
ened sensitivity to changes in load. As a result, HFpEF pa-
tients require remarkable increases in filling pressure to
increase end-diastolic volume. Therefore, while the ejection
fraction may be normal at baseline, during periods of
increased stress, such as exercise, tachycardia, or hyperten-
sion, end-diastolic volume is unable to increase appropri-
ately, resulting in a fixed stroke volume that is inappropriate
for stress.2-4 The clinical manifestations of decrease in left
ventricular compliance are rapid onset pulmonary edema
after increases in load and hypotension after small decreases
in load. The suggested criteria to diagnoseHFpEF include (a)
clinical signs or symptoms of HF, (b) evidence of preserved
or normal LV ejection fraction (EF) but elevated LV or right
ventricle filling pressures and/or reduced cardiac output,
and (c) evidence of a structural abnormality of the heart
derived from chest radiography, electrocardiogram, assays
for B-type natriuretic peptide (BNP) or N-terminal pro-BNP
(NT-proBNP), or right heart catheterization.5 Figure 1
summarizes 2 noninvasive approaches called H2FPEF score
and HFA-PEFF (Heart Failure Association-PEFF) score,
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Fig 1. Noninvasive diagnostic approaches to diagnose HFpEF in patients with unexplained dyspnea. Figure reproduced with permis-
sion from: https://www.ultromics.com/articles/diagnosing-heart-failure-with-preserved-ejection-fraction-hfpef. The above figure was
verified using the following reference: Abramov D, Parwani P. Diving into the diagnostic score algorithms of heart failure with pre-
served ejection fraction. Front Cardiovasc Med. 2021;8:665424. doi:10.3389/fcvm.2021.665424.
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which rely on simple clinical characteristics and echocar-
diography to diagnose HFpEF. These 2 scores enable
discrimination ofHFpEF fromnoncardiac causes of dyspnea,
assist in determination of the need for further diagnostic
testing, and can be useful for predicting future composite
cardiovascular events as well as HF-related events in HFpEF
patients.6,7 It is important to note that obese patients have
plasma BNP values below the traditional cutoff used to di-
agnose congestive HF. Hence, if used in isolation, a cutoff of
BNP ≤ 54 pg/mL is recommended for ruling out congestive
HF in severely obese patients (body mass index [BMI] ≥

35 kg/m2). As opposed to BNP cutoffs, relatively lower
concentrations of NT-proBNP in overweight and obese pa-
tients retain their accuracy for both diagnosis and prog-
nosis.8 Moreover, in patients with chronic kidney disease
(CKD), plasma BNP and NT-proBNP concentrations are
often elevated as a result of reduced clearances as well vol-
ume expansion or LV hypertrophy, therefore, higher cutoff
values are suggested.9 The H2FPEF score does not use these
biomarkers and can be of use in patients with obesity and
kidney disease. The HFA-PEFF score takes into account the
underlying BMI and kidney function while calculating the
score; thus, one can assume its utility in these patients.
However, definitive studies are required to confirm the
validity.
2

HFpEF prevalence increases with age and commonly
exists with comorbid conditions, such as hypertension,
obesity, metabolic syndrome, diabetes mellitus (DM),
CKD, coronary artery disease, atrial fibrillation, iron defi-
ciency anemia, chronic obstructive pulmonary disease, and
hyperlipidemia. The proposed basic underlying patho-
physiological mechanisms for HFpEF include (a) systemic
inflammation and oxidative injury causing endothelial
dysfunction, (b) elevated neurohormones, and (c) venous
congestion.10 Interestingly, all these pathophysiological
mechanisms are shared by CKD as well. In the following
section, we discuss CKD and how these pathophysiologies
interact to augment dysfunction in CKD and HFpEF (Fig2).
We will also discuss the role of iron deficiency as the
emerging risk factor for both CKD and HFpEF.
THE SHARED PATHOPHYSIOLOGY BETWEEN

HFpEF and CKD

CKD is defined as abnormalities in kidney structure or
function that occur for more than 3 months and impact
health and is estimated to be present in 14% of the US
adult population.11 The 3-month duration distinguishes
chronic from acute kidney disease. DM and hypertension
are the 2 most common causes associated with CKD. Its
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Fig 2. The shared pathophysiology between heart failure with preserved ejection fraction (HFpEF) and chronic kidney disease
(CKD). RAAS, renin-angiotensin-aldosterone system; ECF, extracellular fluid; PKG, protein kinase G.
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prevalence increases with aging and parallels that of
metabolic syndrome.12

Systemic Inflammation and Oxidative Stress

CKD is accompanied by a chronic low-grade state of sys-
temic inflammation. Inflammation is also a key component
of diseases which are independent risk factors for CKD,
such as obesity, insulin resistance and DM.13 Many factors
contribute to the chronic inflammatory state; however,
inappropriate mineralocorticoid-receptor (MR) activation
has increasingly been recognized as a pivotal mechanism
for increased production of proinflammatory cytokines,
oxidative stress, endothelial dysfunction, and ultimately
fibrosis seen in these diseases.14,15

Mineralocorticoid-Receptor Overactivation
It has been clearly shown that MR expression is not limited
to epithelia but is also present in vascular endothelial cells,
smooth muscle cells, cardiomyocytes, and fibroblasts as
well as on immune cells. In obesity, insulin resistance,
dyslipidemia, diabetes, and metabolic syndrome, all major
risk factors for HFpEF and CKD, several pathways can result
in MR overactivation and/or “inappropriate” MR activa-
tion. The increased MR activity could be related to mod-
ulation at the prereceptor level via ligand binding
(aldosterone and cortisol) or at the receptor level due to
changes in MR expression.16 There is emerging evidence
that adipocytes either secrete aldosterone or produce
aldosterone-secreting factors that work on the adrenal
gland to generate aldosterone in excess and thus, cause MR
overactivation.17 Increased aldosterone levels have been
demonstrated in obesity and metabolic syndrome.17

Moreover, both aging and obesity have been shown to
reduce the activity of enzyme 11β-hydroxysteroid dehy-
drogenase type 2 (11β-HSD2), which usually converts
active cortisol to inactive cortisone, resulting in increased
availability of cortisol to bind to MR.18 At the receptor
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level, overactivation can occur without increased ligands
either due to increased synthesis or decreased degradation
of MR. For instance, high glucose has been reported to
stimulate MR transcriptional activity via protein kinase C
signaling, and high salt causes inappropriate activation of
MR possibly via oxidative stress induction and Rac1
stimulation.16,19

Activation of the MR characteristically stimulates mul-
tiple pathways producing plasminogen activator inhibitor-
1, transforming growth factor-β, interleukin [IL]-6, and
monocyte chemoattractant protein-1 which either
contribute to inflammation and fibrosis locally or signal to
other cells, such as myeloid cells.20 These myeloid cells
add to the harmful cascade by releasing profibrotic mole-
cules or promoting chemotaxis of other inflammatory
cells. MR activation also enhances oxidative stress by
activation of nicotinamide adenine dinucleotide phosphate
oxidase-mediated generation of reactive oxygen species.
All these result in increased myocardial stiffness, impaired
LV relaxation, and glomerular and interstitial fibrosis in
kidneys.20,21

Other Factors Contributing to Inflammation

There are 4 other key factors that contribute to the chronic
inflammatory state.

Altered Metabolism of Adipose Tissue
Enlarged size and number of adipocytes increases the
distance between cells and vasculature, leading to hypoxic
conditions. Chronic hypoxia causes fibrosis and macro-
phage infiltration, leading to a cascade of events, including
recruitment of immune cells and a shift from an anti-
inflammatory to a proinflammatory milieu.22

Acidosis
Clinical and subclinical acidosis is commonly present in
CKD due to reduced acidification capacity as a result of
3
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declines in total urinary ammonium excretion; however,
ammonia production per surviving nephron markedly
increases to accommodate nephron loss and ongoing acid
exposure. High local intrarenal concentrations of ammonia
have been shown to activate complement, NF-kb, endo-
thelin and the renin-angiotensin-aldosterone system
(RAAS), promoting proinflammatory and profibrotic me-
diators.23 Moreover, acidosis stimulates a broad inflam-
matory response in human vascular endothelial cells
through activation of the proton-sensing receptor GPR4.24

Altered Phosphate-Fibroblast Growth Factor 23
(FGF23)-Klotho Endocrine Axis
Klotho expression decreases and FGF23 levels increase in
CKD, earlier in response to inflammation and later due to
phosphate retention. FGF23 in turn possesses proin-
flammatory and immune-modulatory properties by
reducing the conversion of 25(OH)D to 1,25(OH)2D in
monocytes/dendritic cells and promoting tumor necrosis
factor-α production independent of klotho in splenocytes
and macrophages.25

Intestinal Dysbiosis
In CKD patients, microbial diversity is significantly harmed
with a fewer beneficial bacteria that generate short-chain
fatty acids, a primary nutrient for the colonic epithelium,
and more bacteria that produce uremic toxins, such as
indoxyl sulfate, p-cresol sulfate, and trimethylamine-N-
oxide. The impact on microbial diversity has effects in
both directions. The uremic milieu negatively affects the
microbiota, altering its composition and metabolism. At
the same time, microbiota dysbiosis releases potential
uremic toxins. Uremic milieu causes diminished trans-
cellular tight-junction proteins, resulting in disruption of
the epithelial barrier and amplified intestinal permeability.
The microbial products in the blood stream trigger sys-
temic inflammation.26-29

Effects of Systemic Inflammation on Kidneys and

Heart

Because kidneys are a highly vascularized organ and
contain a unique microcirculatory network that is
required to sustain the corticomedullary osmotic
gradient, they are a vulnerable target for both systemic
inflammation and hypoxia. The unique microenviron-
ment within the kidneys is kept in a fine balance with
multiple vasoactive molecules (prostaglandins, endothe-
lins, kinins, medullipin, nitric oxide, and other mole-
cules); however, systemic or within kidney inflammation
deregulate the microvascular response to these vasoactive
regulators. In addition, this inflammation promotes the
production of a number of tubular toxins, including
reactive oxygen species which activates intrarenal endo-
thelial cells and leukocytes. This process results in a local
amplification of proinflammatory factors and oxidative
stress, which are inseparably linked.13
4

Inappropriate or exaggerated inflammation is a key
component in both HFrEF and HFpEF; however, while the
inflammatory response in HFrEF is the result of car-
diomyocyte damage from infection, ischemia, or toxicity;
inflammation in HFpEF is the result of extracardiac risk
factors, similar to those discussed in CKD, ie, obesity, DM,
salt-sensitive hypertension, causing MR activation and
eventually cardiac and vascular fibrosis. Furthermore, CKD
interacts synergistically with obesity and DM to amplify
the inflammation in the heart by reducing nitric oxide
bioavailability, cyclic guanosine monophosphate content,
and protein kinase G (PKG) activity in car-
diomyocytes.30,31 Low PKG activity causes hypo-
phosphorylation of titin, a protein normally responsible
for passive cardiomyocyte tension in LV.32 Hypo-
phosphorylation of titin favors hypertrophy development,
increases resting tension and thus contributes to high
diastolic LV stiffness and HF development (Fig 2).31,33

Detrimental microvascular changes and endothelial
dysfunction are additional consequences.31 Moreover, over
the last decade, the klotho-FGF23 axis has earned much
attention as the mediator of cardiorenal connections.
Klotho expression is reduced as soon as kidney function
starts deteriorating, generating a state of FGF23 resistance.
Activation of the Wnt/β-catenin signaling pathways is
considered a cause as well consequence of klotho reduc-
tion in CKD. Eventually, Wnt/β-catenin activation medi-
ates the injury in both heart and kidney through the renin-
angiotensin system, atherosclerosis, vascular calcification,
endothelial dysfunction, cardiac fibrosis and hypertrophy,
and kidney fibrosis.34

Elevated Neurohormones

Abnormal activation of the sympathetic nervous system,
RAAS and increased vasopressin activity are the key detri-
mental factors contributing to HFrEF progression and are
hallmarks of kidney diseases; however, these have not been
extensively studied in HFpEF.35 In limited clinical studies,
elevated circulating biomarkers of RAAS and sympathetic
nervous system (plasma renin activity, aldosterone, and
norepinephrine) and diminished tonic and reflex vagal
heart rate modulation have been shown in a substantial
proportion of patients with HFpEF, however, to a lesser
extent than that observed in patients with HFrEF.36 Pre-
clinical studies suggest that activation of the adrenergic
system and RAAS may contribute to progressive remod-
eling and contractile dysfunction in HFpEF.37 As
mentioned previously, MR activation from mineralocorti-
coids and glucocorticoids play a pivotal role in maladaptive
tissue remodeling in the heart through both genomic and
nongenomic actions.20 Nonetheless, current literature is
not able to distinguish whether enhanced neurohormones
incite HFpEF or HFpEF results in enhanced neurohor-
mones. Once the perturbation is established, a bidirec-
tional relationship between altered neurohormone and
HFpEF develops.
Kidney Med Vol 5 | Iss 12 | December 2023 | 100705
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Congestion

Impaired natriuresis or abnormal salt and water retention
is one of the initial pathophysiological abnormalities in
CKD. This occurs as a result of reduced filtration of sodium
due to a declining glomerular filtration rate, which is not
adequately compensated by appropriately reduced sodium
absorption in the different segments of the nephron under
the influence of inappropriate renin and angiotensin acti-
vation.38 In other words, an elevated renin and angiotensin
system in CKD does not allow sodium transporters in the
proximal and distal tubules to adequately compensate for
reduced filtration of sodium, resulting in extracellular
volume expansion and the development of hypertension
associated with CKD. Hypertension is one of the critical
inciting insults for negative cardiac remodeling resulting in
concentric LV hypertrophy and stiffness. The subsequent
fixed stroke volume promotes venous congestion and
reduced cardiac output, which further exacerbates
abnormal kidney function as a result of hypoxia, neuro-
hormone activation and the resultant reduced renal blood
flow. These effects cause further worsening of sodium and
water retention and set up a vicious cycle (Figure 2).39

In a clinical trial of participants admitted with acute
decompensated HF, we observed that patients with HFpEF
(n = 20) had a higher BMI and more frequently diagnosed
with diabetes and CKD than patients with HFrEF (n = 27).
Urine sodium levels were the same in patients with HFpEF
and HFrEF; however, the urine sodium to potassium ratio
was much lower in patients with HFpEF.40 Of note, a low
urine sodium to potassium ratio is a biomarker of MR
activation in the kidney, informing increased sodium ab-
sorption and potassium secretion because of MR-mediated
activation of the epithelial sodium channel and renal outer
medullary potassium channel, respectively, in the principal
cells in the distal nephron.41 Higher MR activation in
HFpEF might be related to ligand-independent factors,
such as obesity and hyperglycemia, causing MR activation
in this population in addition to elevated aldosterone as the
activator of MR. These clinical observations reflect the
shared cardiorenal pathophysiology between CKD and
HFpEF, in which inciting disease states, such as obesity and
diabetes, cause MR activation, inflammation, and oxidative
stress. These conditions subsequently lead to cardiac stiff-
ness and kidney disease. The subsequent impaired natri-
uresis and congestion result in hypertension, allowing one
organ to affect the other, thus setting up a vicious cycle of
cardiorenal syndromes.

Iron Deficiency Anemia

Anemia is widely prevalent in both HF and CKD and is
associated with worse quality of life and outcomes.
Although there are a number of factors involved in the
pathophysiological mechanisms causing anemia, iron
deficiency is the most common underlying cause of ane-
mia. In many instances, patients have iron deficiency
without anemia. The interaction of iron deficiency, ane-
mia, HF and CKD, now known as cardiorenal iron
Kidney Med Vol 5 | Iss 12 | December 2023 | 100705
deficiency syndrome, has been of great recent interest. A
large overlap in biomarker profiles has been observed,
suggesting common pathways associated with these syn-
dromes.42 Although most of the studies have included
patients with HFrEF, iron deficiency is a common co-
morbid condition in HFpEF also and is associated with
decreased exercise capacity and quality of life.43,44 The
common pathways causing iron deficiency include poor
nutritional intake; gastrointestinal malabsorption; inflam-
matory mediators, such as hepcidin and IL-6, which
reduce iron uptake and mobilization of iron from its
reticuloendothelial stores; and lastly, increased blood
loss.45 Iron is crucial in mitochondria for the final step in
producing adenosine triphosphate from glucose, fatty
acids or ketones, and mitochondria are abundant in organ
with high energy metabolism, such as the heart and kid-
neys. Therefore, iron deficiency leads to several morpho-
logical and functional changes in mitochondria in these
organs, culminating in damage.46 Administration of iron
in HF and advanced CKD population have shown
improved composite of death and major adverse cardio-
vascular events in randomized clinical trials.47,48
EPIDEMIOLOGY OF CARDIORENAL

CONNECTIONS

Given the coexistence of hypertension, CKD, and diastolic
dysfunction in cross-sectional studies, it is difficult to
discern whether diastolic dysfunction is the result of CKD-
associated hypertension and inflammation/fibrosis or
whether diastolic dysfunction is the cause of kidney dis-
ease. Nonetheless, over the years, it has become clear that
HFpEF is a heterogenous collection of pathologies and
phenotypic expressions, and CKD-associated HFpEF is a
subtype. In large observational cohorts, CKD (estimated
glomerular filtration rate [eGFR] < 60 mL/min/1.73 m2)
was present in up to 26-49% of patients with HFpEF.49 In
a contemporary HFpEF population, abnormal kidney
function, as defined by a reduced eGFR and albuminuria,
was present in 62% of patients; of these, 26% had albu-
minuria with normal eGFR.50 In the Swedish Heart Failure
Registry, CKD was more common in HFpEF (56%) than in
HFmidrangeEF (48%) and HFrEF (45%).51 Diuretic resis-
tance is an additional phenotype observed in HF pop-
ulations related to abnormal kidney function. Depending
on the definition of nonresponse, resistance to the high-
dose loop-diuretics can be observed in 20-50% of pa-
tients hospitalized with acute decompensated HF. How-
ever, most of these studies included patients with HFrEF,
and the prevalence of diuretic resistance in HFpEF is not
well known. The pathophysiology of diuretic resistance
includes a complicated interplay between heart and kidney
dysfunction, with the activation of neurohormones leading
to altered kidney hemodynamics and adaptation, such as
distal tubule hypertrophy.52 Recently, we described that in
patients hospitalized with ADHF with DR, defined as no
response to a dose of 160 mg furosemide intravenous/day
5
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with at least one dose of 80 mg, HFpEF was more preva-
lent than HFrEF despite similar underlying kidney
functions.40

Large epidemiologic studies on the prevalence of and
severity of HFpEF in CKD patients are sparse. In the
Chronic Renal Insufficiency Cohort (CRIC), when 2,147
participants without prior HF were followed for hospital-
ization for HF over 10 years, more developed HFpEF-
related events than HFrEF-related events (135 vs 104 HF
events).53 Decreased kidney function has independently
been associated with increased risk of all-cause death,
cardiovascular death, and hospitalization for all HF sub-
types.54 Additionally, patients with advanced CKD have
significantly worse diastolic dysfunction than patients
without kidney disease.55 On the contrary, improvements
in kidney function can restore cardiac function.56 The
coexistence of kidney disease in HFpEF poses a large health
care burden and worsens disease expression among all the
other comorbid conditions prevalent in HFpEF.57
TREATMENT

The success seen with HFrEF treatments that primarily
target and modulate neurohormones has not been
observed in HFpEF patients. For example, angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers, highly effective treatments for both HFrEF and
CKD, have not shown significant benefits for mortality in
the HFpEF population; although, post hoc analysis later
reported reduced hospitalization for HF with these
agents.58,59 Similarly, while the angiotensin
receptor–neprilysin inhibitor, sacubitril–valsartan, resulted
in a lower rate of hospitalization for HF or death from
cardiovascular causes in HFrEF,60 the same agent did not
show benefit for death from cardiovascular causes in phase
III trial in HFpEF, despite demonstrations of lower levels of
NT-proBNP, reductions in left atrial size, and greater im-
provements in the New York Heart Association (NYHA)
functional class in phase II trial in HFpEF.61,62 Of note,
there was 15% reduction in hospitalization for HF and
45% improvement in NYHA class in this phase III trial
with sacubitril–valsartan.61 Given the role of low nitric
oxide availability and reduced cGMP content and PKG
activity in the pathophysiology of HFpEF, various agents
targeting these alteration have been evaluated in HFpEF.
Few examples are phosphodiesterase type-5 inhibitors that
reduce cGMP degradation, such as sildenafil; direct NO
donors and soluble guanylate cyclase stimulators, such as
vericiguat. In short-term trials, these agents have resulted
in improved biventricular and left atrial filling pressures or
quality of life; however, benefits on hard outcomes are yet
to be reported.63 Overall, these negative hard outcome
results emphasize the complex pathophysiological pertur-
bations in HFpEF beyond neurohormones, and it is un-
likely that a single agent can have significant benefit on
mortality. Moreover, these trials had approximately 50%
participants with CKD; however, albuminuria was not
6

assessed. Abnormal kidney function, when considering
albuminuria, is highly prevalent in HFpEF patients and
amplifies these pathophysiologies, resulting in lesser ben-
efits to the primary outcomes in HFpEF. Table 1 summa-
rizes the results of phase III clinical trials in HFpEF with a
focus on the CKD population.

The recent triumph of sodium–glucose cotransporter 2
inhibitors (SGLT2i) in patients with cardiovascular disease
and CKD, which addresses not only metabolic and bio-
energetic components (weight loss, improved insulin
resistance) but also the altered natriuresis, hypertension,
adipokine and cytokine production, emphasizes the
importance of an approach that tackles abnormal kidney
function and other comorbid conditions simultaneously in
HFpEF population.64-66 In EMPEROR-Preserved Trial,
administration of empagliflozin to HFpEF participants
(EF > 40% and NT-proBNP levels > 300 pg/mL) resulted
in a 21% reduction in the primary composite outcome of
cardiovascular death or hospitalization for HF; mainly
related to a lower risk of hospitalization for HF in the
empagliflozin group.67 In a similar trial, dapagliflozin
resulted in an 18% reduction in primary outcome, again
driven by reduced rates of hospitalization for HF.68 The
American College of Cardiology 2022 HF guidelines rec-
ommends (Level 2a) use of SGLT2i in HFpEF patients.69

Glucagon-like peptide-1 receptor (GLP-1R) agonists are
other agents with pleiotropic effects and have shown to
improve abnormal LV diastolic and kidney function in
initial studies.70,71 Because of their significant weight loss
effects in addition to improvements in insulin resistance
and diabetes, GLP-1R agonists are at advantage to improve
HFpEF outcomes. In preclinical and early phase clinical
studies, liraglutide significantly increased e0 and decreased
E/e0 and LV end-diastolic volume, which reflects a
reduction in LV filling pressure.72 The STEP HFpEF trial
shows larger reductions in symptom burden and physical
limitations, greater improvements in exercise function and
greater decline in C-reactive protein with the use of once
weekly (2.4 mg) semaglutide compared to placebo in
participants with BMI ≥ 30 kg/m2 and HF with EF >
40%.73 The STEP HFpEF trial in patients with DM
(NCT04916470) in underway. The secondary analyses of
primary cardiovascular outcome trials which reported the
beneficial effect of GLP-1R agonists on cardiovascular
outcomes, have demonstrated significant benefit on albu-
minuria.71 The ongoing FLOW trial (NCT03819153) will
shed light on the role of GLP-1R agonists in the prevention
of CKD progression.

Because MR overactivation plays a central role in the
development of both HFpEF and CKD, MR antagonists
seem to be promising agents to improve outcomes in these
patients. In the earlier ALDO-DHF study, 25 mg/day spi-
ronolactone led to improvements in LV diastolic
dysfunction and LV remodeling as well as reduced levels of
NT-proBNP but did not result in improved exercise ca-
pacity or quality of life measures.74 The Treatment of
Preserved Cardiac Function Heart Failure With an
Kidney Med Vol 5 | Iss 12 | December 2023 | 100705



Table 1. Summary of Phase III Clinical Trials Conducted in the HFpEF Population and Subanalysis in the CKD Population

Therapeutic Agent and
Clinical Trial Main Results

CKD Population in the Trial
and Prespecified Results Role in CKD

CHARM-Preserved59

ARB: candesartan
CV death and hospitalization
for HF (HR 0.89; 95% CI,
0.77-1.03; P = 0.12); HF
hospitalization (HR 0.84;
95% CI 0.70-1.00);
P = 0.047

<30% in both groups had
eGFR < 60 mL/min/1.73 m2

No outcome results based
on CKD

Well known and established
role of ARB in proteinuric
CKD

PARAGON-HF61

ARNI: sacubitril–valsartan
CV death and hospitalization
for HF (HR 0.87; 95% CI,
0.75-1.01; P = 0.06); 15%
reduction in hospitalization
for heart failure and 45%
improvement in NYHA class

Mean eGFR in 2 groups
63 ± 19 and 62 ± 19 mL/
min/1.73 m2; prespecified
primary outcome by
CKD: <60 mL/min/1.73 m2:
HR 0.79 (0.66-
0.95); ≥60 mL/min/1.73 m2:
HR 1.01 (0.8-1.27); renal
composite endpoint
reduced by 50% compared
with ARB in CKD subgroup
(eGFR: 30-60 mL/min/
1.73 m2)

No evaluation of ARNI in
primary CKD

TOPCAT75

MRA: spironolactone
CV death and hospitalization
for HF (HR 0.89; 95% CI,
0.77-1.04; P = 0.14); HF
hospitalization (HR 0.83;
95% CI 0.69-0.99);
P = 0.04

39% in both groups had
eGFR < 60 mL/min/
1.73 m2; prespecified
primary outcome by
CKD: <60 mL/min/1.73 m2:
HR 0.95 (0.77-
1.17); ≥60 mL/min/1.73 m2:
HR 0.82 (0.66-1.02)

Role of novel nonsteroidal
MRA is established in
proteinuric diabetic kidney
disease77

EMPEROR-Preserved67

SGLT2i: empagliflozin
CV death and hospitalization
for HF (HR 0.79; 95% CI,
0.69-0.9; P < 0.001); HF
hospitalization (HR 0.73;
95% CI 0.61-0.88;
P < 0.001)

50% in both groups had
eGFR < 60 mL/min/
1.73 m2; prespecified
primary outcome by
CKD: <60 mL/min/1.73 m2:
HR 0.78 (0.66-
0.91); ≥60 mL/min/1.73 m2:
HR 0.81 (0.65-1.00)

Well established role of
empagliflozin in proteinuric
and non proteinuric CKD
with or without diabetes64

DELIVER68

SGLT2i: dapagliflozin
CV death and hospitalization
for HF (HR 0.82; 95% CI,
0.73-0.92; P < 0.001);
worsening HF (HR 0.79;
95% CI, 0.69-0.91;
P < 0.001).

Mean eGFR in 2 groups
63 ± 19 and 62±19 mL/min/
1.73 m2; prespecified
primary outcome by
CKD: <60 mL/min/1.73 m2:
HR 0.81 (0.69-
0.94); ≥60 mL/min/1.73 m2:
HR 0.84 (0.7-1.00)

Well established role of
dapagliflozin in proteinuric
CKD with or without
diabetes66

CKD, chronic kidney disease; CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; MRA, mineralocorticoid-receptor
antagonists; SGLT2i, sodium–glucose cotransporter 2 inhibitors; ARNI, angiotensin receptor–neprilysin inhibitor; ARB, angiotensin receptor blocker.
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Aldosterone Antagonist (TOPCAT) study randomized
3,445 participants with HFpEF to 15-45 mg/day spi-
ronolactone. The trial did not show a significant reduction
of the primary endpoint; however, there was a small, but
significant reduction in HF hospitalizations in the spi-
ronolactone group.75 A post hoc analysis of the primary
endpoints based on region showed a significant decrease in
both the primary endpoint and HF hospitalizations in the
spironolactone group in the Americas but did not show a
difference in Russia/Georgia. Notably, participants from
Russia/Georgia were younger and with fewer comorbid
conditions, and 89% were enrolled based on HF hospi-
talization criteria rather than natriuretic peptide criteria. In
other words, this population did not meet HFpEF criteria
and introduced bias that may have disadvantaged
Kidney Med Vol 5 | Iss 12 | December 2023 | 100705
spironolactone.76 Two phase III clinical trials comparing
spironolactone (Spironolactone in the Treatment of Heart
Failure [SPIRRIT-HFpEF; NCT04727073]) and finerenone
(Finerenone Trial to Investigate Efficacy and Safety Supe-
rior to Placebo in Patients with Heart Failure [FINEARTS-
HF; NCT04435626]) with placebo in patients with
HFpEF are currently ongoing and addressing MR activation
in HFpEF, after successful results were obtained in patients
with diabetic kidney disease in the FIDELITY analysis.77

Moreover, by harnessing the generalized benefits of MR
antagonism, FIND-CKD is evaluating the effect of finer-
enone on CKD progression in nondiabetic kidney disease
(NCT05047263).

Given the pathophysiological role of iron deficiency in
HFpEF, there are currently two ongoing randomized
7



Patel et al
clinical trials, the FAIR-HFpEF (NCT03074591) and the
PREFER-HF (NCT03833336), evaluating the benefit of
intravenous ferric carboxymaltose in HFpEF, after its success
in patients with HFrEF.48 Finally, optimal blood pressure
control, weight loss, calorie restriction, and aerobic exercise
programs remain the cornerstone of management of this
population.78,79 Poor exercise tolerance in HFpEF may pose
challenges for these goals. Cardiac rehabilitation programs,
including exercise training, have been shown to improve
exercise capacity and quality of life in HFpEF patients.80

The availability of SGLT2i, GLP-1R agonists and new
MRAs have generated great excitement in the cardiorenal
community given the increasing prevalence of obesity and
diabetes with consequent CKD and HFpEF. Howev-
er, <10% of eligible patients receive either class of drug in
the US.81 In a recent study in national samples from US
veterans, 11.5% of likely eligible patients with comorbid
CKD, type 2 DM, and atherosclerotic CVD were prescribed
SGLT2 inhibitors. Varying insurance coverage and out-of-
pocket costs are important contributors of underuse. A
number of patient- and clinician-level factors are additional
barriers prohibiting optimal adoption outside of the endo-
crine community. Overstepping therapeutic boundaries
(SGLT2i and GLP-1a were classically developed as hypogly-
cemic agents), clinical inertia, lack of knowledge about the
risk of hypoglycemia, concern of urinary tract infection,
acute kidney injury and hyperkalemia, and the need for
increased lab monitoring are some factors contributing to
under prescription by various providers. Uptake of newer
medications by patients usually follows the providers’
comfort level with those medications and thus has been low.

HFpEF is a multisystem disorder; therefore its manag-
ment is the responsibility of every provider a patient in-
teracts with, not just the cardiologists (Figure 2). A
message about healthy eating habits, weight loss, increased
physical activity, and optimal blood pressure control needs
to be communicated to the patient at each clinic visit. A
multifaceted and multilevel approach involving not only
physicians, but also advanced practitioners, dieticians,
pharmacists, and policy makers is essential to overcome
the barriers leading to therapeutic underutilization.
CONCLUSION

HFpEF is best characterized as a spectrum of overlapping
comorbid conditions. Of these, kidney disease is associated
with the greatest morbidity and mortality and sets up a vi-
cious cardiorenal interaction where impairment of one or-
gan leads to malfunction of the other and vice versa. An
increased understanding of the shared pathophysiologies and
these interactions is the first key step to successful manage-
ment. Moreover, an integrated multidisciplinary approach is
required to promote risk factor reduction and increase the
adoption of newer therapeutics. It has been shown that a
single agent is not able to address this complex disorder.
HFpEF should be considered a multispecialty disorder, not a
cardiovascular disorder. The health care community needs to
8

work in coordination, involving not only physicians, but
also advanced practitioners, dieticians, pharmacists, and
policy makers in a multifaceted and multilevel approach to
reduce its burden in our patients.
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