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Abstract

Purpose of Review Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous syndrome of exertional intolerance,
cardiac dysfunction, and fluid overload and is associated with significant morbidity and mortality.

Recent Findings As our understanding of this syndrome has evolved, we are beginning to recognize the similarities and asso-
ciations with chronic kidney disease (CKD). Salt and fluid retention are common in CKD and may be the sentinel event leading
ultimately to the syndrome of HFpEF. Mechanisms linking both disease states include hypervolemia, inflammation, and endo-
thelial dysfunction, which are also common to comorbidities that drive both HFpEF and CKD.

Summary In this review, we will discuss recent clinical research focusing on HFpEF, CKD, and comorbidities including
hypertension and diabetes mellitus. We will review strategies for volume management and novel therapeutic approaches with
new classes of drugs, including sodium-glucose cotransporters and angiotensin receptor/neprilysin inhibitors, which may work
through targeting of both the heart and the kidney. Lastly, we emphasize why focusing on the alleviation of factors provoking
renal injury and slowing the progression of renal dysfunction may provide the most therapeutic benefit in patients who have been

diagnosed with HFpEF.
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Introduction

With an aging population, the prevalence of chronic diseases
is rising [1]. This includes both heart failure with preserved
ejection fraction (or HFpEF) and chronic kidney disease
(CKD) [2, 3e¢]. The presence of either HFpEF or CKD may
accelerate progression of the other condition [4]. In this re-
view, we will discuss recent literature on the epidemiology,
pathophysiology, diagnosis, and treatment strategies for both
HFpEF and CKD. Inappropriate salt and fluid retention is
central to the clinical consequences of HFpEF. As we discuss,
HFpEF in fact may be a “vicious cycle” disorder of the kid-
neys and cardiovascular system.

This article is part of the Topical Collection on Mechanisms of
Hypertension and Target-Organ Damage

P4 James C. Fang
james.fang@hsc.utah.edu

Division of Cardiovascular Medicine, University of Utah School of
Medicine, 30 North, 1900 East, Rm 4A100 SOM, Salt Lake
City, UT 84132, USA

Heart Failure with Preserved Ejection Fraction

HFpEF is subtype of heart failure which represents approxi-
mately half of the cases of HF and is associated with comor-
bidities including older age, obesity, CKD, atrial fibrillation,
and hypertension [5, 6]. These conditions, especially CKD,
can exacerbate sodium and fluid retention leading to conges-
tion. The clinical diagnosis of HFpEF generally requires signs
and symptoms of congestion in the setting of preserved left
ventricular ejection fraction (LVEF) [7¢]. Despite this relative-
ly straightforward concept, the heterogeneity of HFpEF is
readily apparent in the multiple definitions that have been
proposed. In a 2019 analysis of 461 patients presenting with
exertional dyspnea, the application of different HFpEF profes-
sional societal definitions to these patients demonstrated sig-
nificant heterogeneity in clinical profiles and outcomes [5].
This variability was also apparent from an analysis of three
large randomized clinical HFpEF trials: (TOPCAT
(Aldosterone Antagonist Therapy for Adults With Heart
Failure and Preserved Systolic Function), -PRESERVE
(Irbesartan in Heart Failure With Preserved Systolic
Function), and CHARM Preserved (Candesartan Cilexetil in
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Heart Failure Assessment of Reduction in Mortality and
Morbidity)). Two phenotypes of HFpEF emerged: (1) obese
young non-Caucasian patients and (2) older patients with hy-
pertension, CKD, and atrial fibrillation [8]. To provide a more
practical definition that integrates this clinical challenge, scor-
ing systems have been derived, which rely upon clinical and
echocardiographic findings for the diagnosis (e.g., H2PEF
score) [9]. Interestingly, CKD is highly specific (90%) for
the diagnosis of HFpEF using the H2PEF score.

Chronic Kidney Disease

CKD and end-stage renal disease (ESRD) have a growing prev-
alence among the elderly with approximately 38% of US adults
65 years or older with a diagnosis of CKD [2]. Risk factors
include hypertension, diabetes mellitus, and obesity [2]. CKD
is defined on the basis of persistently reduced estimated glomer-
ular filtration rate (eGFR) less than 60 ml/min per 1.73 m?” or at
least 1 marker of kidney damage for >3 months [10]. As stated,
the definition can be either based on renal injury markers or
traditional eGFR equations, which rely on serum creatinine.
The use of novel biomarkers is relevant; in one cohort of patients
with HFpEF, serum cystatin-C and urinary albumin were better
at predicting future HF as compared with creatinine-based eGFR
[11, 12]. Moreover, CKD may be more common in HFpEF, in
contrast to other forms of HF. In the Swedish Heart Registry,
when HF was separated into HFpEF, mid-range (HFmrEF),
and reduced ejection fraction (HFrEF), the prevalence of CKD
was greatest among those with HFpEF [13]. Moreover, occult
renal dysfunction may be underappreciated by measures of
eGFR. In a study of 90 patients with HF, biomarkers of renal
injury (neutrophil gelatinase-associated lipocalin (NGAL), N-
acetyl-beta-D-glucosaminidase (NAG) and kidney injury mole-
cule 1 (KIM-1), and urinary albumin) were measured [14]. In
patients with “normal’ renal function (as determined by eGFR),
increased urinary concentrations of these biomarkers were asso-
ciated with mortality and hospitalization for decompensated HF.
Some patients with a diagnosis of HFpEF have concomitant
obesity and diabetes mellitus which can predispose to glomerular
hyperfiltration, causing renal dysfunction with a “normal” eGFR
[15, 16]. However, in these cases, abnormal urine findings such
as albuminuria are associated with biventricular dysfunctional
remodeling. Findings such as these suggest renal injury is com-
mon in patients with known HF despite normal estimated GFR
by commonly invoked equations.

Pathophysiology and Mechanisms
The pathophysiology of HFpEF and CKD have overlapping

characteristics [7¢]. Both conditions are commonly associated
with hypertension, diabetes, and obesity, which lead to
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systemic inflammation, oxidative stress, arterial stiffening,
and endothelial dysfunction [7¢, 15, 16]. In the heart, these
pathways lead to diastolic dysfunction, microvascular disease,
and subtle contractile abnormalities. In the case of kidney,
these same processes lead to nephron loss, with compensatory
hypertrophy and hyperfiltration of the remaining nephrons in
an attempt to maintain GFR. These processes then drive fur-
ther renal dysfunction.

The interplay between cardiac and renal dysfunction is of-
ten described as the cardiorenal syndrome (CRS), where there
is concomitant presence of both renal dysfunction and heart
failure [17]. Some have proposed subtypes categorized by
acuity and whether cardiac or renal dysfunction predisposes
to the other organ’s injury [17]. For example, in a primary
cardiovascular insult, such as acute myocardial infarction
and cardiogenic shock, the acute decreased blood flow and
pressure to the kidney produces acute renal injury, with resul-
tant sodium and fluid avidity. In the case of primary renal
dysfunction, concomitant volume retention leads to a
volume-overloaded state, independent of ejection fraction,
and the myocardial contractile state. Furthermore, an in-
creased CVP, often characteristic of HFpEF, leads to a cascade
of elevated intra-abdominal pressure, pulmonary hyperten-
sion, and endothelial dysfunction. In addition, the gradient
across the glomerular capillary network decreases, leading to
decreased renal perfusion and lower glomerular filtration. In a
recent cohort study, similar degrees of venous congestion by
echocardiography and renal dysfunction were seen in both
HFpEF and HFrEF [18].

Endothelial dysfunction as a result of renal impairment is
likely one mechanism linking HFpEF and CKD [19].
Circulating factors related to the activated inflammatory cas-
cade in renal injury likely leads to downstream myocardial
dysfunction, specifically myocyte stiffening and subsequent
fibrosis. Mediators including fibroblast growth factor 23
(FGF23) have been implicated as triggers for endothelial dys-
function [20]. Furthermore, renal dysfunction is also associat-
ed with low levels of erythropoietin, which can have subse-
quent impact on endothelial function and inflammation [21].
As renal function worsens to ESRD, rising levels of uremic
toxins are associated with inflammation which likely have a
direct cardiotoxic effect [22]. Overall, the presence and pro-
gression of CKD provokes the inflammatory cascade and en-
dothelial dysfunction, predisposing to myocardial dysfunction
seen in HFpEF.

Hypertension is a critical risk factor for both CKD and
HFpEF. The absence of hypertension (as well as obesity and
diabetes mellitus) is associated with an 86% lower risk of HF
[23]. Traditionally, the cardiac remodeling with concentric
hypertrophy secondary to pressure overload has been thought
to be responsible for the diastolic abnormalities in classic
HFpEF. Other primary causes of hypertension can also serve
as a mediator of the CRS and volume overload. In the
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Pickering syndrome, renal artery stenosis leads to malignant
hypertension and subsequent flash pulmonary edema [24].
This is an example of cardiorenal syndrome type 3, in which
a renal injury predisposes to cardiac dysfunction [25¢]. With
respect to the renal system, prolonged hypertension leads to
disruptive injury despite autoregulatory mechanisms. The
mechanisms of injury are primarily related to pressure differ-
entials across the glomerular bed as well as oxidative stress
leading to fibrogenic mediators.

Diabetes mellitus (DM) is another major contributor to
both HFpEF and CKD. DM leads to maladaptive cardiac re-
modeling and predisposes to all subtypes of HF [16]. The
prevalence of DM in HF is high (up to 50%) and is more often
seen in HFpEF than HFrEF [26]. In DM, hyperinsulinemia,
circulating adipokines and cytokines, and oxidative stress con-
tribute to the microvascular disease, low-grade vascular in-
flammation, and endothelial dysfunction that are characteristic
of HFpEF and CKD [27, 28]. For example, in endomyocardial
biopsy samples from patients with HFpEF, increased levels of
inflammatory cells are seen [29]. DM is a major cause of
CKD, also known as diabetic nephropathy (DN). DN is often
associated with glomerular changes including
glomerulosclerosis and thickening of the basement membrane
with eventual fibrosis and tubular atrophy. The mechanisms at
play include oxidative stress, renin-angiotensin system (RAS)
activation, and TGF-f3 activation. Glycemic control to prevent
development and progression of CKD has been a major end-
point for many therapeutics for DM.

Therapies

In terms of therapies for HFpEF and CKD, prevention remains
the cornerstone of management. Specifically, control of co-
morbidities which are common to both disease states is im-
perative. Recent data from the EPIC-NL (European
Prospective Investigation Into Cancer and Nutrition—
Netherlands) cohort demonstrated that individuals with ideal
scores of smoking cessation, physical activity, body mass in-
dex, diet, blood pressure control, total cholesterol, and blood
glucose (the American Heart Association’s Life’s Simple 7)
had a 55% reduced long-term risk of HF [30]. Blood pressure
can be controlled in many cases of HFpEF with agents includ-
ing diuretics, angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers, and vasodilating (3-blockers
such as carvedilol. In the SPRINT trial, treatment to a systolic
blood pressure of 120 mmHg was associated with a 38%
reduction in the risk of HF [31]. The use of sacubitril/
valsartan as a therapeutic agent has been a significant addition
to the HF armamentarium in patients with HFrEF as demon-
strated by the PARADIGM-HF trial [32]. In more recent stud-
ies, the UK-HARP-III trial demonstrated sacubitril/valsartan
preserved renal function in those with CKD and had improved

blood pressure control as compared with irbesartan [33]. The
ongoing PARAGON-HF (Prospective Comparison of ARNI
with ARB Global Outcomes in HF With Preserved Ejection
Fraction) trial will answer whether sacubitril/valsartan is su-
perior to angiotensin receptor blockade alone in patients with
chronic symptomatic HFpEF [34]. Trial results and subgroup
analyses will provide critical information to further under-
stand which phenotypes of HFpEF may benefit from ARNI
therapy.

The prevention of hypervolemia in HF is another important
target in the concept of HFpEF as a kidney disorder. Salt and
water retention are a part of the clinical syndrome of decom-
pensated HFpEF and the use of diuretic therapy is a mainstay
of volume removal. In the Treatment of Preserved Cardiac
Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) trial, spironolactone did not reduce the incidence
of CV death or HF hospitalization in patients with HFpEF
[35]. However, subsequent analyses demonstrated marked
heterogeneity within enrolled sites and a signal for possible
benefit for patients in the USA [36]. Across eGFR ranges,
spironolactone demonstrated benefit when close laboratory
surveillance is possible [37]. New data from TOPCAT has
reinforced the role of spironolactone as a diuretic or diuretic
sparing agent in HFpEF [38, 39]. As a result of the inconclu-
sive results from TOPCAT, the Spironolactone Initiation
Registry Randomized Interventional Trial in Heart Failure
With Preserved Ejection Fraction (SPIRRIT) will evaluate if
spironolactone can provide mortality and hospitalization ben-
efit in patients with HFpEF, focusing on patients in the
Swedish Heart Registry and the USA [40]. Finally, mineral
corticoid receptor antagonists may slow the progression of
renal insufficiency: two large prospective trials are testing this
hypothesis.

Beyond the management of hypertension and
hypervolemia, novel therapies targeting hyperglycemia have
shown promise in patients with HFpEF and CKD. The
sodium-glucose cotransporter-2 inhibitors (SGLT2i) demon-
strate favorable effects on diabetes-related hyperglycemia,
obesity, and hypertension. These drugs block sodium-
glucose cotransport in the proximal tubule and increase deliv-
ery of sodium chloride to the macula densa. This leads to
downstream vasoconstriction of afferent arterioles and re-
duces hyperfiltration seen in patients with diabetes mellitus
and obesity. Importantly, these drugs impact cotransporters
fundamentally limited to the kidney, e.g., a renal-specific ther-
apy. Findings from the EMPA-REG (Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients) trial demonstrated a 35% risk reduction
for HF hospitalization in patients with DM2 and cardiovascu-
lar disease. When examining renal outcomes, patients receiv-
ing empagliflozin have a lower incidence of acute renal injury
and worsening nephropathy. In patients with CKD,
empagliflozin reduced the risk of CV death by 29% compared
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Fig. 1 A framework for the comorbidities leading to HFpEF and CKD
and novel therapeutic targets being studied. ARNI, angiotensin receptor
neprilysin inhibitor; MRA, mineralocorticoid antagonist; SGLT2i,

with placebo [41]. Additionally, empagliflozin attenuated car-
diac hypertrophy and improved diastolic function in mouse
models, suggesting a possible role for SGLT2i to alleviate
the predisposing mechanisms in HFpEF [42]. Moreover,
empagliflozin appears to block the adenosine-mediated
tubuloglomerular feedback that leads to glomerular
hyperfiltration [43]. Canagliflozin, another SGLT2i, demon-
strated a decreased incidence of albuminuria and worsening
renal function in the CANVAS trial [44]. Clearly, this novel
class of therapies, originally designed to treat patients with
DM has shown benefit in both HF and CKD. Future incorpo-
ration of trial endpoints, including MARCE (major adverse
renocardiac events), in future trials studying SGLT2i and other
DM therapies will likely demonstrate benefit in both CKD and
HFpEF. In fact, these hypotheses are so compelling that ran-
domized trials are underway that are testing this class of drugs
in patients with HFpEF in the absence of diabetes. Figure 1
summarizes the comorbidities common to both HFpEF and
CKD and novel therapeutic targets being actively studied.

Conclusions

HFpEF has become one of the most challenging modern car-
diovascular diseases to establish effective therapies. We are
beginning to understand the multiple pathophysiologic pro-
cesses at play, resulting in a heterogeneous disease state for
which refined phenotyping will likely help identify effective
therapies. In doing so, it will be helpful to take “a step back”
and scrutinize the conditions which accompany and likely
contribute to HFpEF. This broad perspective includes CKD
and accompanying fluid retention which may ultimately pro-
voke a renocardiac syndrome, e.g., HFpEF. If we step back
from our cardiocentric approach to disease understanding, we
can examine how mechanisms including endothelial dysfunc-
tion, inflammation, and volume retention provoke renal injury
that leads to subclinical cardiac dysfunction over time. Novel
therapies including SGLT2is, ARNIs, and new strategies to
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improve hypertension and hypervolemia will likely improve
renal function and subsequent cardiac function.
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