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Abstract There is substantial causal and consequential inter-
action between the ever-growing heart failure and renal failure
patients. Half of the patients with heart failure (HF) have pre-
served left ventricular ejection fraction (HFpEF), which is
difficult to diagnose and rising in prevalence relative to HF
with reduced EF (HFpEF). To date, only weight reduction,
exercise training, and diuretics have been shown to improve
exercise tolerance and morbidity in HFpEF. This review aims
to establish the baseline kidney-related concepts specific to

the diagnosis and treatment of HFpEF patients and the differ-
ent aspects of HFpEF and HFpEF in the clinical setting.
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Introduction

Many patients with heart failure (HF) have associated chronic
kidney disease (CKD), in conjunction with a reduced glomer-
ular filtration rate (GFR) or an increased protein/albumin ex-
cretion in urine. The risk of developing HF is substantially
increased as the stage of CKD progresses [1]. Various mech-
anisms are responsible for this increased risk. First of all,
certain common factors contribute to the development of both
these entities including increased age, presence of diabetes
mellitus, and hypertension [2]. Secondly, both CKD and HF
can cause or worsen certain comorbidities such as anemia [3],
coronary and peripheral atherosclerosis [4], and malnutrition
[5]. Thirdly, kidney dysfunction contributes to HF by in-
creased salt retention and volume expansion, by up-
regulation of neurohormonal pathways, and by stimulating
proinflammatory mechanisms [1]. HF, in turn, worsens CKD
by decreasing renal perfusion and by activating catecholamin-
ergic pathways as well as the renin–angiotensin–aldosterone
system (RAS) [6–8].

All of the previous observations stem from studies
pertaining to HF with reduced ejection fraction (HFrEF) or
from studies where information regarding ejection fraction is
lacking. However, recent evidence suggests that up to 30–
50% of patients with HF have preserved left ventricular ejec-
tion fraction (HFpEF). Mortality in HFpEF is equally as high
as in HFrEF [9, 10]. Impaired renal function is also a risk
factor for developing HFpEF [11].
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HFrEF and HFpEF exhibit numerous similarities as well as
dissimilarities, with increased age, hypertension, and arterial
stiffness being common factors underlying both conditions. In
addition, both hospitalization and mortality rates of HFpEF
are similar to those of HFrEF [12]. On the other hand,
HFrEF is primarily associated with myocardial infarction
[13], whereas combined ventricular–vascular stiffening (As-
related abnormal left atrium–left ventricle coupling) is the
main contributor of the increased prevalence of HFpEF.
Additionally, despite an improvement in the prognosis of
HFrEF in last decades, the effective treatment of HFpEF re-
mains an unmet need [12].

Although the consequences of reduced ejection fraction are
well known, there is a paucity of data regarding the effect of
HFpEF on renal function. Treatment of HFrEF is relatively
straightforward: loop diuretics in case of volume overload and
mortality-reducing treatment with beta-blockers and
angiotensin-converting enzyme inhibitors (ACE inhibitors)
(or in instances of ACE inhibitor or angiotensin receptor
blocker (ARB) intolerance), followed by mineralocorticoids).
However, treatment options for HFpEF are less established
given the lack of clear evidence-based data. Diuretics are use-
ful for symptom relief in case of sodium and water retention in
HFpEF patients, while blood pressure and comorbidities
should be adequately managed [14]. In light of the previous
data, the present review summarizes the relationship between
renal function and HFpEF.

The epidemiology and magnitude of the problem

Impaired renal function may worsen prognosis in HFpEF [15,
16] due to mechanisms including increased inflammation and
endothelial dysfunction, cardiomyocyte stiffening and
growth, and interstitial fibrosis [9, 11, 17, 18].

HFpEF is common among patients with chronic kidney
disease (CKD) [1, 19, 20] and is associated with increased
mortality [19]. In HFpEF populations, CKD [defined as an
estimated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m2] is observed in 26–49% of cases [9, 19].
Additionally, albuminuria is common in HFpEF [21]. When
studying the impact of renal dysfunction on all-cause mortal-
ity in HFpEF, only lower eGFR at admission remained signif-
icantly predictive of all-cause mortality (hazard ratio (HR)
2.97 and 95% confidence interval (CI) 1.59–5.53) [22].

A recent meta-analysis showed that CKD was associated
with an odds ratio (OR) of 3.22 (95% CI 2.66–3.90) for all-
cause mortality in patients with an EF >40%, compared to
ORs of 2.00 (95% CI 1.81–2.21) and 2.56 (95% CI 2.24–
2.93) for an EF <30% and an EF between 30 and 40%, re-
spectively. Thus, the presence of CKD results in a higher
increase in mortality in patients with HFpEF compared to
HFrEF [23]. In summary, a growing body of evidence

suggests that CKD and HFpEF are closely interrelated when
considering cardiovascular outcomes.

Pathogenesis of preserved ejection fraction

The pathophysiology of HFpEF is far from being completely
understood. Increased age and age-related myocardial and
vascular changes may play a major role, driving concentric
remodeling and cardiovascular stiffness [24]. Importantly, co-
morbidities, such as hypertension, diabetes, and increased
body mass index, are key components in the development of
HFpEF.

Bhatia et al. studied 2802 patients in order to highlight the
characteristics of patients with HF. Patients were categorized
in three groups: those with an ejection fraction <40%
(HFrEF), those with an ejection fraction of 40 to 50% (HF
with borderline ejection fraction), and those with an ejection
fraction >50% (HFpEF). Patients with HFpEF were more
likely to be older and female and to have a history of hyper-
tension and atrial fibrillation [25, 26], along with alterations in
systemic vascular resistance (SVR). Anemia, a frequent co-
morbid condition of HFpEF, is also likely contributive to the
observed lower SVRs in HFpEF patients [27]. However, in
the setting of CKD, two of the most important pathophysio-
logical features leading to HFpEF are thought to be endothe-
lial dysfunction (ED) and chronic inflammation.

Under normal conditions, the endothelium displays
anti-inflammatory properties which protect against thrombo-
sis while regulating vascular tone. In CKD, persistent inflam-
mation and ED are highly common [28]; thus, if the endothe-
lium does not function properly (as in CKD), its anti-
inflammatory and anti-thrombotic properties thereby de-
crease. This has both distant and paracrine effects, including
ED-induced cardiac inflammation [29]. In addition, urinary
sodium retention as well as altered levels of renal endocrine
factors and serum calcium and phosphate has all been linked
to ED [30, 31].

Imbalances in certain novel factors such as elevated fibro-
blast growth factor-23 (FGF-23) [32], decreased vitamin D
[33], erythropoietin deficiency [34], and proteinuria [35] have
been associated with ED. All of these mechanisms may ex-
plain the high incidence of ED in patients with CKD and
HFpEF, ED being indeed common in patients with HFpEF
[36, 37].

As suggested earlier, the second factor leading to HFpEF
may be increased inflammation. Inflammation induces oxida-
tive inactivation of nitric oxide (NO) since superoxide anions
react with NO and form peroxynitrite; this is further supported
by the recent finding of high nitrotyrosine expression in
HFpEFmyocardium [38]. Additionally, various inflammatory
markers including interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α) are increased in HFpEF patients [39, 40].
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Uremia associated with chronic inflammation also causes in-
hibition of endothelial proliferation through uremia-associated
proinflammatory cytokines [41]. Furthermore, uremic toxins
increase reactive oxygen species (ROS) in vascular endothe-
lial cells, thereby causing oxidative stress [42].

In addition to ED and inflammation, hemodialysis (HD)
treatment per se may also have an impact. In patients on
HD, interaction with the dialysis membrane results in comple-
ment activation, leading to micro inflammation and may ulti-
mately result in vascular stiffness and ED. It should be em-
phasized that uremia not only affects the endothelium but also
causes vascular smooth muscle cell dysfunction [43].

Hypervolemia and sodium excess are commonly observed
in CKD patients. Increased sodium can bind to the endothelial
glycocalyx causing stiffened endothelial cell, decreased NO
levels, and resulting in ED [44]. Since ED and HFpEF are
interrelated [17], this mechanism may link sodium and
hypervolemia in the development of HFpEF. Obviously, the
role of sodium in the development of hypertension is mostly
due to hypervolemia, a major common feature in CKD. A
recent study demonstrated that HFpEF and HFrEF are both
associated with hypervolemia [45].

In chronic renal failure, there is accumulation of advanced
glycation end products (AGEs), due to decreased clearance
and increased oxidative stress [46, 47]. AGEs may induce
HFpEF by causing fibrosis due to cross-linking in the extra-
cellular matrix, by activation of their receptor which has a
proinflammatory effect, or by causing a delay in calcium up-
take [48, 49]. AGEs also influence endothelial function by
reducing NO availability [50].

In CKD patients, alterations in cardiovascular structure are
commonly observed. In one study, renal dysfunction was
identified as being associated with abnormal left ventricular
(LV) geometry (defined as concentric hypertrophy, or eccen-
tric hypertrophy, or concentric remodeling) leading to lower
midwall fractional shortening (MWFS) [21]. Compared to
patients without renal dysfunction, those with lower GFR
and no albuminuria had a higher prevalence of abnormal LV
geometry and lower MWFS as compared to those with only
albuminuria. Conversely, albuminuria alone was associated
with greater LV dimensions. Patients with combined renal
impairment had mixed abnormalities (higher LV wall thick-
nesses, lowerMWFS). The authors concluded that both eGFR
and albuminuria are highly prevalent in HFpEF and are asso-
ciated with cardiac remodeling, while adding the fact that the
observed differences in cardiac structure/function between
each type of renal damage suggest that both parameters of
kidney function may play a distinct role in HFpEF [21].

Metabolic syndrome may also be associated with HFpEF.
Zyatenkova et al. investigated epicardial fat thickness as a
correlate of visceral fat thickness in patients with and without
metabolic syndrome (MS). A total of 59 patients with HFpEF
were included [29 without MS (group 1), 30 with MS (group

2)] in whom interventricular septum thickness, left ventricle
wall thickness, and left ventricle myocardium mass, along
with epicardial fat thickness and size of heart chambers, were
assessed. Epicardial fat thickness was lower in non-MS pa-
tients compared to MS patients [51]. In another study,
Karakurt et al. demonstrated that in patients with HFpEF,
MS was associated with systolic and diastolic dysfunction
[52–54].

Thus, all of the aforementioned factors (ED, inflammation,
hypervolemia, increased oxidative stress and AGE, dialysis-
related factors, and MS) appear to activate a cascade of events
resulting in cardiac hypertrophy and stiffness in HFpEF, dif-
ferent from HFrEF, and in which cardiomyocyte death and
myocardial fibrosis are predominant features (Fig. 1). Such
differences between HFpEF and HFrEF are addressed in
greater detail in the following section.

Differences between preserved ejection fraction
and reduced ejection fraction

Although it has been suggested that there is a true continuum
between HFpEF and HFrEF, there are various differences be-
tween these two conditions (Table 1), suggesting that different
phenotypes may be in play. These differences arise from path-
ogenetic, clinical, and therapeutic issues. In HFpEF, there is a
systemic inflammatory state, causing increased coronary ROS
formation and an increase in peroxynitrite. Consequently,
there is a reduction in protein kinase G (PKG) activity [54],
resulting in impaired relaxation, as well as myocardial stiff-
ness leading to diastolic dysfunction [53]. Furthermore, auto-
crine and paracrine factors, such as apelin, transforming
growth factor-β, and endothelin-1 from the endothelium, con-
tribute to the development of cardiac hypertrophy [55]. As
suggested earlier, cardiac hypertrophy is the main occurrence
in HFpEF with little myocardial cell death, in contrast to
HFrEF where cell death is more prominent and one of the
most important mechanisms characterizing the latter [17,
53]. This distinction is one of the many differences between
these two diseases, as outlined in the following.

As stated previously, renal dysfunction and HFpEF are
closely related with regard to cardiovascular outcomes, and
it is important to note that although conflicting data have been
reported, not only baseline renal function but also changes in
renal function over time should be considered. In acute de-
compensated HF patients, renal dysfunction at discharge was
found an independent predictor of the primary outcome in
patients with reduced EF, whereas it was not associated with
the primary outcome in patients with preserved EF [56].

However, in another study, worsening renal function
(WRF) (defined as an increase in creatinine of ≥0.3 mg/dl
within 72 h after admission) was observed in 40% of
HFpEF patients [20]. WRF in the setting of HFpEF was also
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found associated with poor prognosis [20, 57]. Higher blood
pressure on admission and less fluid removal were significant-
ly associated with higher risk of WRF in these patients [20],
thus implying the importance of renal congestion in HF [58].

There are also contradictory data in this regard. Takei et al.
investigated the effect of plasma volume reduction (PVR) in
acute HF patients with both HFpEF and HFrEF. Estimated
PVR (as a measure of greater volume reduction) was associ-
ated with WRF in HFpEF after adjusting for history of hyper-
tension, diabetes mellitus, and estimated GFR (OD, 3.34; 95%
CI, 1.52–7.33; P = 0.003). However, PVR had no effect on
WRF in HFrEF. The authors concluded that the effect of esti-
mated PVR differs according to HF type, and the estimated
PVR during hospitalization is a predictor of WRF in patients
with HFpEF but not in HF with reduced ejection fraction [59].
In contrast, in acutely decompensated HFrEF patients,
hemoconcentration was strongly associated with WRF, but
associated with lower mortality. Additionally; it is not clear
whether less or more fluid removal is associated with WRF in
HFpEF patients [60].

To explain the mechanisms regarding WRF in HFpEF pa-
tients, Abramov et al. reported that HFpEF patients had a
lower total blood volume (i.e., intravascular volume] than
those with HFrEF [61]. Similarly, Schwartzenberg et al. re-
ported a greater stroke volume reduction in HFpEF than in
HFrEF after vasodilatation treatment, indicating the presence
of occult intravascular hypovolemia in HFpEF [62]. Another
potential difference between HFpEF and HFrEF may be relat-
ed to plasma volume. Volume distribution has been hypothe-
sized to be the predominant cause of congestion in HFpEF,
rather than volume overload which is typically the main cause
of congestion in HFrEF. In HFpEF, congestion is mainly
caused by the shift in fluid from the intravascular space to
the extravascular space [63, 64]. For example, Takei et al.
demonstrated that PVR was associated with WRF in HFpEF
patients but not in HFrEF patients [59].

In addition to the development ofWRF, the impact ofWRF
on prognosis may also differ between patients with HFpEF
and HFrEF. At this point, it should, however, be acknowl-
edged and emphasized that RAAS inhibition may similarly
trigger WRF in both HFpEF and HFrEF [65]. However, in
contrast to HFrEF patients, RAAS inhibitors mostly failed to
demonstrate any clinical benefit in HFpEF patients [66–68],
although it is hypothesized that the TOPCAT trial was a
missed opportunity to demonstrate mineralocorticoid receptor
antagonism (MRA) efficacy in HFpEF, owing to geographic
differences (Eastern Europe vs. America), whichmay have led
to a loss of (statistical) power [65, 69].

These assumptions become increasingly important given
the fact that patients with HFrEF receiving an angiotensin-
converting enzyme inhibitor, an ARB, or an MRA
(spironolactone or eplerenone) display better clinical out-
comes despite experiencing more frequent episodes of
hyperkalemia and/or WRF shortly after RAAS inhibitor initi-
ation or thereafter [70–73]. However, WRF after initiation of
irbesartan treatment in HFpEF has been associated with ex-
cess risk. WRF is moreover associated with first occurrence of
cardiovascular death or HF hospitalization [74].

In a study by McAlister et al., eGFR was found to be a
stronger predictor of all-cause mortality in HFrEF than in
HFpEF, and for any given eGFR category, mortality was
higher in patients with HFrEF than in patients with HFpEF.
The authors suggested that the reduction in eGFR is a marker
of reduced cardiac output, which is a more important prognos-
tic factor in patients with HFrEF than in those with HFpEF
[75]. A dissociation between renal dysfunction and the risk of
developing HFpEF has also been observed. In the PREVEND
trial, poorer renal function, as assessed by cystatin C and al-
buminuria, was a strong risk factor for developing HFpEF, but
not for HFrEF [11].

In addition to the previous concerns, there are also reports
showing that WRF is a beneficial event in terms of prognosis

Extrinsic factors: Age, diabetes, hypertension, oxidative stress, 
endothelial dysfunction, inflammation, hypervolemia, anemia, 
calcium/phosphate derangements, hypovitaminosis D, increased 
FGF-23

Intrinsic factors: For example, hypertrophic cardiomyopathy

Arterial end systolic elastic dysfunction 
Arterial stiffening 

Increased afterload
Increased end-systolic and end-diastolic arterial pressures

Increased cardiac workload
Cardiac cell hypertrophy
Reduced renal perfusion 

Increased WRF 

Fig. 1 Potential mechanisms for
development of heart failure with
preserved (HFpEF) in chronic
kidney disease

768 Heart Fail Rev (2017) 22:765–773



in HF patients [58]. Thus, further studies are needed to deter-
mine whether WRF in itself is beneficial or harmful in HF
patients stratified as HFpEF and HFrEF. In patients with
HFpEF, end-systolic and arterial elastance measurements
were found higher compared to patients with HFrEF, resulting
in a greater drop in blood pressure with similar changes in
central volume [24, 76, 77]. Therefore, the role of PVR should
be re-examined based on these differences.

In one study, the prognostic role of renal resistive index
(RRI) in HFpEF was investigated non-invasively through
Doppler ultrasonic examination in 90 HFpEF patients and
compared with 90 age- and sex-matched hypertensive patients
without evidence of HF who served as controls. Mean RRI
was substantially greater in HFpEF patients than in controls
(p < 0.0001). On multivariable analysis, mean RRI was inde-
pendently associated with HFpEF. In addition, increasedmean
RRI was an independent predictor of poor outcome
(HR = 1.06, 95% CI 1.01–1.10, p = 0.007) while remaining
significantly associatedwith outcome after adjustment for uni-
variate predictors [78].

The role of ultrafiltration (UF) in patients with HFpEF for
volume reduction also needs to be clarified. The Ultrafiltration
Versus Intravenous Diuretics for Patients Hospitalized for
Acute Decompensated Heart Failure (UNLOAD) trial showed
that acute HF patients in general exhibited superior volume
and weight reduction with UF compared with usual care [79].
However, there were no specific comments regarding HFpEF
in this study, which included approximately 30% of patients
with an ejection fraction higher than 40%. Jefferies et al. eval-
uated two patient cohorts admitted to a single institution for
acute decompensated HF and treated with UF in HFrEF (left
ventricular ejection fraction ≤40%; n = 87) and HFpEF (left
ventricular ejection fraction >40%; n = 97) patients. The au-
thors observed no significant differences in total weight loss
(7.7% in HFrEF and 7.0% in HFpEF), electrolyte and renal
disturbances, or in-hospital mortality (3.4% in HFrEF and
3.3% in HFpEF) between the two groups. Mortality at 90 days
tended to be greater in HFrEF (24.1%) than in HFpEF
(15.5%). However, as acknowledged by the authors, more
studies are needed regarding this issue [80].

Novel biomarkers and therapeutic options

Before pursuing this section, we should acknowledge that no
evidence-based therapy has been shown to improve outcomes
for HFpEF patients. This may be related to the fact that un-
derlying mechanisms are currently not known for HFpEF.
However, there is growing evidence that classical neurohu-
moral activation occurring in HFrEF is not a main factor in
HFpEF [81].

In patients with HF with preserved ejection fraction, bio-
markers that reflect collagen homeostasis such as the soluble
form of ST2 (an interleukin-1 receptor family member), ma-
trix metalloproteinase-2, collagen III N-terminal propeptide,
and galectin-3 have been correlated with the presence and
severity of disease [82]. While baseline biomarkers failed to
modify the response to LCZ696 in lowering N-terminal pro
B-type natriuretic peptide, left atrial volume reduction, how-
ever, varied according to baseline levels of the soluble form of
ST2 and galectin 3. Interestingly, galectin-3 has been shown to

Table 1 The major differences between heart failure with preserved
and reduced ejection fraction

Patients with reduced EF Patients with preserved EF

Myocardial
tissue

Main mechanism is cell
death (necrosis or
apoptosis)

Main mechanism is
myocardial cell
hypertrophy (coronary
microvascular
endothelial
inflammation reduces
nitric oxide
bioavailability, cyclic
guanosine
monophosphate
content, and protein
kinase G (PKG) activity
in adjacent
cardiomyocytes). This
low PKG activity favors
hypertrophy
development and in-
creases resting tension
because of
hypophosphorylation of
titin, and (5) both stiff
cardiomyocytes and in-
terstitial fibrosis con-
tribute to high diastolic
left ventricular (LV)
stiffness and heart fail-
ure development.

Worsening
renal
function
during
treatment

WRF is associated with
worse prognosis but
may also be the
biological hallmark of
pharmacological
interventions,
themselves associated
with a better prognosis
(RAAS i)

WRF is usually associated
with worse prognosis

Plasma volume
reduction

Beneficial in terms of
prognosis

No clear data with regard
to prognosis

Baseline renal
dysfunction

Risk factor for
development of HFrEF

No clear evidence for
development of HFpEF

Cardiac
mechanics

Lower end-systolic and
arterial elastances com-
pared to HFpEF

Higher end-systolic and
arterial elastances com-
pared to HFrEF

The effect of
RAS
inhibitors

Useful No clear benefit

Ultrafiltration Useful in selected patients No definitive data
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precede the development of both CKD and incident HFpEF
[83]. Infusion of galectin-3 in a rat model of hypertensive HF
was found to induce severe LV fibrosis and LV dysfunction
[84]. Similarly, galectin-3 has been linked to the development
of renal fibrosis, while inhibition of galectin-3 in rats was
found to protect against hypertensive nephropathy and result-
ed in reduced proteinuria, improved renal function, and de-
creased renal damage [85, 86]. In patients with HFpEF,
galectin-3 levels have been associated with severity of renal
dysfunction, although not with cardiac structure, after correc-
tion for renal function [87]. The direct effect of galectin-3 on
cardiac structure therefore remains unconfirmed; however, hy-
pothetically, a profibrotic pathway, indicated by elevated
levels of fibrosis markers such as galectin-3 activity, could
also be involved in the relationship between renal dysfunction
and HFpEF. Of note, galectin-3 was also found associated
with prognosis as well as with eGFR in HFrEF patients [88].

ED may represent a potential target for therapy, by activat-
ing the cGMP pathway through compounds such as NO do-
nors, guanylyl activators and stimulators, or phosphodiester-
ase 9A inhibitors. Another promising venue is sodium nitrite.
In patients with HFpEF, a marked increase in the development
of LV filling pressures has been reported, especially during
exercise. Numerous lines of evidence indicate that abnormal-
ities in nitric oxide (NO)–cyclic guanosine monophosphate
(cGMP) signaling play a central role in causing these reserve
depletions. Inorganic nitrite is now recognized as an alterna-
tive in vivo source of NO-cGMP that is independent of the
traditional NO synthase pathway. Borlaug et al. tested the
effect of infusion of sodium nitrite on HFpEF, in which the
primary endpoint of exercise PCWP was substantially im-
proved by nitrite compared with placebo (adjusted mean:
19 ± 5 mmHg vs. 28 ± 6 mmHg; p = 0.0003). Nitrite-
enhanced cardiac output reserve also improved with exercise
(+0.5 ± 0.7 vs. −0.4 ± 0.7 L/min; p = 0.002) and normalized
the increase in cardiac output relative to oxygen consumption
[89].

Another recent experimental study trial evaluated the effect
of a dipeptidyl peptidase-4 (DPP-4) inhibitor class of incretin-
based therapy in preventing HFpEF. As a result, DPP-4 inhib-
itors prevented the development of cardiac diastolic dysfunc-
tion, including a reduction in cardiac collagen I synthesis.
These changes were independent of renal function [90].
LCZ696, a first-in-class angiotensin receptor neprilysin inhib-
itor (ARNI) composed of the ARB valsartan and the
neprilysin inhibitor prodrugs acubitril, has also been tested
in HFpEF [91]. In the PARAMOUNT trial, 301 patients with
New York Heart Assocation (NYHA) class II–III, LVEF 45%
or higher, and NT-proBNP >400 pg/mL were enrolled and
randomly assigned (1:1) to receive either LCZ696 or valsartan
alone for 36 weeks. The results showed that LCZ696 reduced
the levels of NT-proBNP at 12 weeks (LCZ696: baseline,
783 pg/mL 12 weeks, 605 pg/ mL vs. valsartan: baseline,

862 pg/mL 12 weeks, 835 pg/mL) and reduced left atrial size
and improved NYHA class at 36 weeks. LCZ696 was well
tolerated with adverse effects similar to those of valsartan
[92].

Lastly, the role of other novel risk factors such as FGF-23
in preserved EF needs to be more intensively studied. Only
one study in the literature examined the relationship between
FGF-23 and reduced and preserved HF. In this particular
study, Koller et al. demonstrated that FGF-23 was indepen-
dently associated with an increased risk of mortality in pa-
tients with HFrEF but not in those with HFpEF, suggesting a
different pathophysiological role for both entities [93].

Conclusion

HF with preserved EF is as common as HF with reduced EF,
although these two entities differ with respect to pathogenesis,
cardiac mechanics, and treatment responses. Evidence-based
treatment options for HFrEF such as beta-blockers and ACE
inhibitors have not been tested in detail in patients with
HFpEF. With regard to kidney function, HFpEF is also a risk
factor for development of WRF. Given the absence of clear
treatment strategies comparatively to patients with HFrEF,
new research in HFpEF is undoubtedly necessary in order to
more accurately define its pathogenesis and treatment options.
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