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Heart failure with preserved ejection fraction (HFpEF) is one of the
greatest unmet needs in modern medicine. The lack of an appropri-
ate therapy may re lect the lack of an accurate comprehension of its
pathophysiology. Coronary microvascular rarefaction in HFpEF was
first hypothesized in an autopsy study that showed how HFpEF pa-
tients had lowermicrovascular density andmoremyocardial fibrosis
than control subjects. This was later confirmed in vivo when it was
noted thatHFpEF is associatedwith reducedmyocardial low reserve
(MFR) at single photonemission computed tomography (SPECT) and
that coronary microvascular dysfunction may play a role in HFpEF
disease processes. HFpEF patients were found to have lower coro-
nary lowreserve (CFR)andahigher indexofmicrovascular resistance
(IMR).What is the causeofmicrovasculardysfunction? In 2013, anew
paradigm for the pathogenesis of HFpEF has been proposed. It has
been postulated that the presence of a proin lammatory state leads
to coronarymicrovascular endothelial in lammation and reducedni-
tric oxidebioavailability,whichultimately results in heart failure. Re-
cently, it has also been noted that in lammation is themain driver of
HFpEF,butviaan increase in induciblenitricoxidesynthase (iNOS) re-
sulting in a decrease in unfolded protein response. This review sum-
marizes the current evidenceon the etiologyof coronarymicrovascu-
lar dysfunction inHFpEF, focusingon the role of in lammationand its
possible prevention and therapy.
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1. Heart failure with preserved ejection
fraction

According to the latest ESC guidelines [1], Heart Failure
(HF) with preserved ejection fraction (HFpEF) is defined as
signs and/or symptoms of heart failure with a left ventricular
ejection fraction (LVEF)≥ 50%, elevated levels of natriuretic
peptides, and relevant structural or diastolic abnormalities.

The prevalence of HF in the general population is around
1-2% [2] and HFpEF is responsible for approximately 50% of
HF admissions [3]. Patients with HFpEF are generally older
and have a significantly higher incidence of hypertension, di-
abetes and obesity compared to the sumofHFpatients. These
characteristics are responsible for the alterations in vascular

biology seen in patients with HFpEF [4].

2. Pathophysiology of coronary
microvascular dysfunction and HFpEF

Coronary artery disease is present in 40-55% of patients
with diastolic heart failure and impairment of ventricular
relaxation represents the first detectable mechanical change
during myocardial ischemia. Ischemia depletes myocyte en-
ergy stores, leading to an impairment of calcium ion removal
in sarcoplasmic reticulum and both acute and chronic is-
chemia induce, through different mechanisms, diastolic dys-
function. In acute ischemia diastolic dysfunction precedes
motion abnormalities and is induced by sudden global hypox-
emia and by perfusion ischemia. As regards chronic ischemia,
hypoxic myocardium activates an inflammatory profibrotic
response that is the major determinant of diastolic dysfunc-
tion [5]. However, coronary artery disease means more than
just epicardial coronary artery disease. In 1967 Likoff et al.
[6] first suggested that coronary microvascular dysfunction
(CMD) could play a role in patients with normal coronary
angiography. Subsequent studies have shown that CMD is
an important contributer not only to ischemic heart disease,
but also to a series of systemic conditions that, throughCMD,
affect the heart, including HFpEF [7].

In 2005, Borbély et al. [8] first analyzed endomyocardial
biopsies of patients with diastolic heart failure (DHF). Biop-
sies were analyzed for collagen volume fraction (CVF) and
sarcomeric protein composition and single cardiomyocytes
were isolated to assess cellular contractile performance. DHF
hearts had higher CVF and resting tension than healthy con-
trols, a characteristic histological feature of HFpEF.

The pathophysiology of HFpEF was further elucidated by
Westermann et al. [9], who demonstrated that inflamma-
tion is an important stimulus for the development of car-
diac fibrosis and extracellular matrix remodeling. He noted
that inflammatory cells were increased in the cardiac tissue
of HFpEF patients and that these cells secreted higher levels
of the profibrotic growth factor TGF-β, which induced ex-
tracellular remodeling resulting in an increased accumulation
of collagen.
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Fig. 1. Different Hypothesis of Comorbidities Induced Myocardial Dysfunction. Patients with HFpEF often have multiple concomitant diseases and
comorbidities play an important role in HFpEF pathophysiology. Obesity is characterized by an altered adipokine secretion pattern and by a low-grade systemic
inflammatory response, that is also present in COPD and hypertension. Diabetes mellitus leads to decreased capillary density, impaired oxygen delivery and
release of proinflammatory cytokines, while renal insufficiency is associatedwith high levels of FGF23 and uremic toxins. Comorbidities induced inflammation
represents the main driver of HFpEF in two different pathophysiological models. In the hypothesis of Paulus et al. systemic inflammation leads to production
of reactive oxygen species (ROS) and reduced nitric oxide (NO) availability. Schiattarella et al. found that an inflammation induced increase in inducible
NO synthase (iNOS) leads to reduce an unfolded protein response. cGMP, cyclic guanosine monophosphate; COPD, chronic obstructive pulmonary disease;
EPO, erythropoietin; FGF23, fibroblast growth factor 23; Fpassive, resting tension; HFpEF, heart failure with preserved ejection fraction; IL-6, interleukin
6; iNOS, inducible nitric oxide synthase; NO, nitric oxide; ONOO-, peroxynitrite; PKG, protein kinase G; sCG, soluble guanylate cyclase; sST2, soluble ST2;
TNF, tumor necrosis factor; Ub, ubiquitin; VCAM, vascular cell adhesion molecule.

However, it was not clear why these patients had in-
creased cardiac inflammation. The answer to this question
was provided by Paulus et al. [10], in their landmark study
“A Novel Paradigm for Heart Failure with Preserved Ejec-
tion Fraction”. They first proposed that certain comorbidities
may lead to a proinflammatory state that induces coronary
microvascular endothelial cells to produce reactive oxygen
species (ROS) which limits endothelial nitric oxide synthase
(eNOS) and nitric oxide (NO) bioavailability in cardiomy-
ocytes. This results in decreased protein kinase G activity,
which leads to cardiomyocyte hypertrophy and to titin hy-
pophosphorylation, which causes cardiomyocyte stiffening
and diastolic dysfunction. These observations highlighted
the role of the coronary microvascular endothelium as the
central target for systemic inflammation and its contribution
to myocardial dysfunction (Fig. 1).

Systemic inflammation may also be the main contributer
to HFpEF as noted in a series of experiments by Schiattarella
et al. [11] (Fig. 1). They exposed mice to HFpEF comor-
bidities such as obesity and hypertension, thus simulating
the clinical features of human HFpEF. The unfolded protein
response (UPR) was demonstrated to be downregulated in
obese and hypertensive mice through the inactivation of the
IRE1α-XPB1 signalling pathway. This evolutionary con-
served branch of UPR, involved in protein folding and degra-
dation, was also found to be downregulated in endomyocar-
dial biopsies of HFpEF patients due to inflammation induced
upregulation of iNOS, which suppresses the IRE1α-XPB1
axis. Obese and hypertensive mice had elevated left ventricu-
lar filling pressures, increased lungweight (an indirect sign of
pulmonary congestion), cardiac hypertrophy and fibrosis and
impaired endothelial function with reduced coronary flow
reserve (CFR).
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These studies contributed strong evidence that certain
co-morbidities induce, through different but complemen-
tary mechanisms, a systemic inflammatory response. This so
calledmetainflammation is critical to HFpEF pathophysiology.
An unifying theory, that fully explains the complex connec-
tion between inflammation and HFpEF, has yet to be delin-
eated and further studies are required in this field.

The importance of inflammation in microvascular dys-
function was also demonstrated in autoimmune rheumatic
diseases and psoriasis, which have been associated with a
higher risk of HFpEF [12–14].

3. Histological proof of CMD in HFpEF
The characteristics of microvascular involvement in

HFpEF was noted in 2014 by Mohammed et al. [15]. In
selected HFpEF patients who underwent an autopsy, they
quantified microvascular density (MVD) and myocardial fi-
brosis. MVD was significantly diminished and it was in-
versely associated with myocardial fibrosis, suggesting that
reduced MVD or processes leading to coronary microvascu-
lar alterations may contribute to myocardial fibrosis. Fur-
thermore, group differences in left ventricular fibrosis were
attenuated after the adjustment forMVD. This provided fur-
ther proof that CMD is the result of comorbidity-induced
inflammation which leads to myocardial structural changes
[16, 17].

4. In vivo analysis
4.1 Invasive techniques

One of the first publications [18] regarding the potential
role of CMD in HFpEF, measured the peak transcardiac oxy-
gen gradient during exercise, which was found to be lower
in HFpEF patients compared to controls. Since myocardial
oxygen consumption during increased cardiac work ismainly
achieved by an increase in myocardial blood flow, these data
suggested an impairment of myocardial oxygen delivery due
to microvascular dysfunction.

This same concept was expressed in HFpEF patients un-
dergoing cardiac catheterization, an invasive determination
of CFR and IMR (index of microvascular resistance), which
reflects coronary blood flow and coronary microvascular re-
sistance [19]. The HFpEF cohort was found to have lower
mean CFR and higher mean IMR compared to controls and
over one third of these patients exhibited overt CMD (ab-
normal CFR and IMR). Two other groups of patients were
identified: those with abnormal IMR and normal CFR and
those with normal IMR and abnormal CFR. Further hemo-
dynamic characterization revealed that in patients with ab-
normal IMR but normal CFR, precapillary arterioles are able
to dilate and provide enough flow when necessary, while pa-
tients with normal IMR but abnormal CFR have a normal
coronarymicrovascular bed, whose dilation is elevated at rest
due to higher metabolic demands. These two groups iden-
tify different patterns of coronary physiology, that could re-
flect distinct HFpEF entities, which may represent different

phases or severity of the disease. Further studies are required
to confirm these hypotheses.

Another invasive analysis was performed by Sucato et al.
[20], who studied coronary blood flow and myocardial per-
fusion of the microcirculation in patients with microvascu-
lar angina and HFpEF compared to controls. TIMI frame
count (TFC) and myocardial blush grade (MBG) were ana-
lyzed. HFpEF patients had longer TFC of the three major
coronary arteries than non HFpEF patients, thus indicating
reduced flow inHFpEF coronarymicrocirculation. MBGwas
also lower in HFpEF patients, representing another potential
marker of CMD in HFpEF patients.

One study [21] evaluated both endothelium-dependent
and independent coronary microvascular function in
HFpEF, using acetylcholine and adenosine infusions.
Overall, CMD was present in 72% of the patients (iso-
lated endothelium-dependent dysfunction in 29%, isolated
endothelium-independent in 33%, combined in 10%).
Patients with HFpEF and endothelium-independent mi-
crovascular dysfunction had worse diastolic dysfunction and
higher overall mortality.

4.2 Nuclear medicine

The hypothesis of microvascular dysfunction in HFpEF
was also confirmed by Srivaratharajah et al. [22] using cardiac
positron emission tomography (PET), to quantifymyocardial
flow reserve (MFR). MFR was defined as the ratio of my-
ocardial blood flow during exercise and at rest and is consid-
ered to be a marker of microvascular function [23]. Resting
myocardial blood flowwas significantly greater in HFpEF pa-
tients comparedwith normotensive controls (likely reflecting
increased resting metabolic demand, as supported by a sig-
nificantly higher resting rate-pressure product), while stress
myocardial blood flow was significantly lower in the HFpEF
group. Overall, HFpEF was associated with lower global and
regionalMFR than non-HF controls andwas significantly as-
sociated with reduced globalMFR independently of potential
confounders (such as age, sex and history of hypertension and
diabetes mellitus), reflecting the presence of CMD in HFpEF
patients. It is unlikely that the reduction of MFR in HFpEF
can be explained by a greater resting blood flow, as the per-
centage difference in MFR for HFpEF versus normotensive
controls was greater than the percentage difference between
resting flow in these groups. In addition, stress flow was sig-
nificantly reduced in HFpEF.

4.3 Cardiac magnetic resonance

Cardiac magnetic resonance (CMR) was used to study
CFR in HFpEF patients in 2016 by Kato et al. [24], who
measured blood flow in the coronary sinus. Corrected coro-
nary sinus blood flow at rest was found to be substantially
higher in both HFpEF and hypertensive patients than in con-
trol patients. Interestingly, during ATP infusion, a signif-
icant increase in coronary sinus blood flow was observed
in all 3 groups, but the corrected differences in sinus blood
flow and CFR were lower in HFpEF patients than in hyper-
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tensive patients or in controls. A possible explanation for
these results is that coronary blood flow is already elevated at
rest to account for microvascular dysfunction or for higher
metabolic demands in HFpEF patients, whereas their reserve
myocardial capacity is decreased in comparison to healthy
subjects. Furthermore, decreased CFR was significantly as-
sociated with elevated serum BNP concentration, suggesting
that microvascular dysfunction may influence disease sever-
ity.

A more recent CMR study [25] also confirmed these re-
sults: global myocardial perfusion reserve (MPR) was lower
in HFpEF compared to controls and almost 70% of HFpEF
patients had CMD, defined as MPR < 2.5. This study also
analyzed extracellular volume (ECV), which was found to be
higher in HFpEF patients. MPR and ECV were inversely
correlated, suggesting a strong relation between fibrosis and
CMD. The pathophysiology of HFpEF suggests that fibrosis
may be the result of microvascular dysfunction, but fibro-
sis itself could lead to CMD through extrinsic vessel com-
pression. Both ECV and MPR correlated with VO2max at
cardiopulmonary exercise testing, suggesting once again that
microvascular dysfunction may influence disease severity.

4.4 Echocardiography
Prevalence and correlates of CMD inHFpEFpatientswere

analyzed with echocardiography in the PROMIS-HFpEF
study [26]. The prevalence of CMD was reported to be as
high as 75% and CFR was associated with markers of heart
failure severity (such asNTproBNP and right ventricular dys-
function), but, not to patient quality of life (KCCQ score)
nor functional capacity (6 minutes walking test). Further-
more, CMD correlated with urinary albumin to creatinine
ratio and with EndoPAT testing (peripheral arterial tonom-
etry), which are markers of systemic endothelial dysfunction
[27], suggesting that HFpEF is a systemic disorder associated
with endothelial dysfunction andmicrovascular disease in the
heart and in other organs. A follow-up of PROMIS-HFpEF
patients has also recently been published [28] and showed a
strong association between the presence of CMD and the risk
of cardiovascular and HF-related events (CV death and HF
hospitalizations), confirming the hypothesis that CMD is re-
lated to disease severity.

5. Cardiac and systemic microvascular
dysfunction

In 2012 Akiyama et al. [29] investigated whether pe-
ripheral endothelial dysfunction could predict the occurrence
of cardiovascular events in patients with HFpEF. Periph-
eral endothelial function was assessed by reactive hyperemia-
peripheral arterial tonometry and expressed using the RH-
PAT index (RHI), which was significantly lower in patients
with HFpEF compared to controls. Furthermore, RHI was
an independent predictor of future cardiovascular events in
HFpEF patients.

A recent study by Yüksel et al. [30] used nailfold videocap-
illaroscopy to assess systemic microvasculature involvement

in HFpEF patients. The number of patients with abnormal
videocapillaroscopic findings was significantly greater in the
HFpEF group compared to HFwith reduced ejection fraction
(HFrEF) and control groups. These results suggest that in-
flammation causes systemic microvascular dysfunction and
is consistent with the results of Zanatta et al. [31], who
found that patients with systemic sclerosis (a model of sys-
temic inflammatory disease) had lower CFR than controls
and that CFR was correlated with abnormalities found at
nailfold videocapillaroscopy.

6. Clinical correlates of coronary
microvascular dysfunction

Two recent studies analyzed the correlation between
coronary microvascular dysfunction and exertional alter-
ations in HFpEF patients. Ahmad et al. [32] studied pa-
tients with unexplained cardiac exertional symptoms and
non-obstructive coronary artery disease who underwent in-
vasive evaluation of CMD and hemodynamic exercise right
heart catheterization. Both endothelium independent (ex-
pressed as CFR) and dependent (expressed as the percent dif-
ference of coronary blood flow after acetylcholine intracoro-
nary infusion %∆CBF) CMDwere assessed. They found that
the prevalence of both was higher in HFpEF patients com-
pared to the non HFpEF group. CFR correlated inversely
with rest and exercise left-sided cardiac filling pressures and
directly with peak exercise capacity, while %∆CBF only cor-
related inversely with peak exercise filling pressures. This
suggests the existence of different types of HFpEF microvas-
cular phenotypes [21] which could affect potential HFpEF
therapies.

The second study [33] assessed the relationship between
echocardiography determined CFR and exercise tolerance
measured using the 6minutewalking test (6MWT) inHFpEF
patients. HFpEF patients had a high prevalence of CMD
(66%) and in patients with HFpEF CFR significantly corre-
lated with 6MWT results, being an independent predictor of
reduced exercise tolerance.

7. Prognostic relevance of coronary
microvascular dysfunction

Myocardial ischemia, assessedwith SPECT, is an indepen-
dent predictor of death and rehospitalization in patients with
new onset HFpEF [34]. In the PROMISE-HFpEF follow-up
study [28], the presence of CMD correlated with cardiovas-
cular and HF-related events. A similar concept was reported
byTaqueti et al. [35], who analyzed patients undergoing eval-
uation for suspected coronary artery disease but with no ev-
idence of CAD or reduced left ventricular ejection fraction.
CFR was assessed with PET imaging and patients were fol-
lowed for cardiovascular death and hospitalization for non-
fatal myocardial infarction or heart failure. Impaired CFR
was found to be an independent predictor of adverse cardio-
vascular outcomes, especially of HFpEF related hospitaliza-
tions.
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Comparable results were obtained assessing CMD with
invasive techniques [36] in a follow up of the PROMISE-
HFpEF study by Dryer et al. [19]. HFpEF patients with overt
CMD (abnormal CFR and IMR) had lower freedom from
heart failure hospitalization compared to other HFpEF pa-
tients. This was also noted when comparing HFpEF patients
with abnormal CFR to those with normal CFR.

The results of these studies suggest a correlation between
CMD and clinical outcomes of HFpEF patients, thus identify-
ing a group of high-risk of HFpEF patients in which therapies
targeted at CMD might be clinically significant.

8. Therapeutic options in HFpEF
The treatment of HFpEF still represents one of the great-

est unmet needs in medicine. Thus far, several trials have
failed to show a clear benefit of a specific medical therapy
[37]. The PEP-CHF study [38], randomized HFpEF patients
to perindopril versus placebo. Inconclusive results were
found on long-term morbidity and mortality since there was
insufficient power for the primary endpoints. However, im-
proved symptoms, better exercise capacity and fewer hospi-
talizations for HF in the first year were observed on perindo-
pril, suggesting that it may be of benefit in this patient pop-
ulation. The I-PRESERVE study [39] investigated irbesar-
tan versus placebo in patients with HFpEF, but no definitive
conclusions were found on the efficacy of irbesartan. The
CHARM-Preserved trial [40], analyzing the role of candesar-
tan, did not find any statistically significant differences in the
primary outcomes of composite cardiovascular death and HF
hospitalizations.

The TOPCAT trial [41] investigated the potential role
of spironolactone and found a nonsignificant trend in favor
of the primary outcome. Based on the promising results in
HFrEF, the PARAGON-HF trial [42] analyzed the efficacy in
HFpEF of sacubitril-valsartan (LCZ696) compared with val-
sartan alone. PARAGON-HF narrowly missed a significant
reduction in its primary endpoint, although patients with an
EF below 57% and women derived a significant benefit in the
primary outcome, mainly driven in women by a reduction
in heart failure hospitalizations [43]. Since women account
for over half of HFpEF patients [44, 45], sacubitril-valsartan
could be a potentially important therapy in this subgroup of
patients.

The role of sodium-glucose cotransporter-2 (SGLT2)
inhibitors, whose efficacy has been proven in HFrEF, is
still under investigation in two ongoing trials (EMPEROR-
PRESERVED trial and DELIVER trial) analyzing the role of
empaglifozin and dapaglifozin in HFpEF patients [46, 47].

Based on the pathophysiological hypothesis of Paulus et
al. [10], many studies analyzed the potential role of pharma-
cological intervention in the nitric oxide (NO) pathway. In
the Neat-HFpEF trial [48], isosorbidemononitrate treatment
resulted in decreased activity levels and in no improvement
in the quality of life. The INDIE-HFpEF trial [49], analyz-
ing the treatment with inhaled inorganic nitrite, failed to in-

crease exercise capacity, NYHA functional class and quality of
life. The SOCRATES-PRESERVED trial [50], using the sol-
uble guanylyl cyclase stimulator vericiguat, showed improved
quality of life but no benefit on NT-pro-BNP levels and the
RELAX trial [51], using sildenafil, failed to show an effect on
exercise capacity or clinical status. The failure of NO-based
therapies could be explained by the more recent hypothesis
on HFpEF pathophysiology [11], which focuses on the en-
hanced pro-inflammatory mediators, iNOS activity and ni-
trosative stress (Fig. 1). Future therapies for HFpEF may aim
at reducing iNOS activity and NO levels, rather than increas-
ing them.

In summary, none of the above cited trials showed a clear
benefit of a certain medical therapy on HFpEF. However,
none of them specifically sought to address coronary mi-
crovascular dysfunction, which is common in these patients.
9. Prevention

As we have seen in the previous chapter, there are cur-
rently no effective therapies for HFpEF. This highlights the
need for novel strategies focused on its prevention [52].
A follow up study from the Framingham Heart Study [53]
found that lower physical activity is associated with a higher
incidence of HF and that this association was stronger for
HFpEF than HFrEF. Similarly, a more recent study [54]
showed that improvement in cardiorespiratory fitness over a
period of 4.4 years was associated with up to a 17% reduction
in HF risk at a later age. These findings could be explained
by the beneficial effect of physical activity [55] on HFpEF
risk factors, such as obesity, diabetes and hypertension, which
could alter the pathophysiological mechanism that leads to
HFpEF.

As regards the NO pathway, a study by Mátyás et al. [56]
investigated in rats investigated the effect of long-term pre-
ventive application of the phosphodiesterase-5A (PDE5A)
inhibitor vardenafil in diabetic cardiomyopathy-associated
HFpEF. They found that vardenafil effectively prevented the
development of HFpEF by maintaining diastolic function,
restoring cGMP levels and PKG activation, lowering apop-
tosis and by alleviating nitro-oxidative stress, myocardial hy-
pertrophy and fibrotic remodeling.

A recent study [57] reviewed the potential role of mi-
croRNAs (miRNAs) in the prevention of HFpEF. miR-21 has
been proposed as a pleiotropic factor that may regulate sev-
eral target mRNAs in cardiovascular diseases, leading to a
strong relationship between miR-21 upregulation and car-
diac hypertrophy and fibrosis [58–60]. There are ongoing
trials analyzing the role of miR-21 inhibitors in patients with
kidney fibrosis as a result of Alport syndrome, as previous
studies in mice demonstrated benefits related to reduction of
pro-inflammatory and pro-fibrotic signaling pathways [61].
Identifying a group of patients at high risk for developing
HFpEF, for example using validated biomarkers [62–64], and
miR-21 therapies could be used in very early stages of disease,
to alter the pathognomonicmechanisms of inflammation and
fibrosis.
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10. Summary
This review summarizes the current evidence for the oc-

currence of coronary microvascular dysfunction in HFpEF.
We first reviewed the pathophysiology of CMD in HFpEF.
Two different important pathophysiological theories [10, 11]
suggested how comorbidities promote an inflammatory state
that impairs microvascular function. Even if these theories
may differ in some aspects, for example in the role of ni-
tric oxide synthase activation, both agree that comorbidity
induced inflammation plays a central role in HFpEF patho-
genesis and that CMD is a characteristic of HFpEF.

We then reviewed the evidence of CMD in HFpEF. Start-
ing from the first autopsy study [15] that showed a reduc-
tion of microvascular density in HFpEF patients, we moved
to in vivo analysis with invasive and non-invasive techniques.
Cardiac catheterization [19] showed how, in HFpEF patients,
CFR is lower compared to controls and these results were
confirmed by nuclear medicine techniques [22], cardiac mag-
netic resonance [24, 25] and echocardiography [26]. In view
of the evidence of CMD inHFpEF,we sought possible clinical
correlates and found that CFR directly correlates with exer-
cise capacity, being an independent predictor of reduced exer-
cise tolerance [32, 33]. Furthermore, CMD significantly cor-
relates with cardiovascular andHF-related events, suggesting
a possible relation with disease severity [28].

As regards the therapeutic options, we analyzed the most
important trials regarding HFpEF and discussed how, most
of them, failed to show a clear benefit of a specific medical
therapy. Interestingly, none of them specifically aimed at the
problem of CMD, which we noted to be so common in these
patients.

Given the absence of effective therapies forHFpEF,we an-
alyzed potential preventive strategies. Lower physical activ-
ity is associatedwith a higher incidence ofHFpEF [53, 54] and
the main reason for this finding could be the beneficial effect
of physical activity onHFpEF risk factors. Pharmacologically,
the phosphodiesterase-5A (PDE5A) inhibitor vardenafil pre-
vented the development of HFpEF in diabetic rats [56] and
the potential role of microRNAs is under investigation [57].

11. Conclusions
Coronary microvascular dysfunction is a typical feature of

HFpEF and this has been proven both histologically and clini-
cally. The accurate comprehension of the mechanisms of mi-
crovascular dysfunction could lead to more specific preven-
tive options, whose efficacy would be of paramount impor-
tance given the absence of proven therapeutic strategies.
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