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Abstract: Over the last two decades, important advances have been made in explaining some
pathophysiological aspects of heart failure with preserved ejection fraction (HFpEF) with
repercussions for the successful clinical management of the syndrome. Despite these gains,
our knowledge for the natural history of clinical progression from the pre-clinical diastolic dysfunction
(PDD) until the final clinical stages is significantly limited. The subclinical progression of PDD to
the clinical phenotype of HFpEF and the further clinical progression to some more complex clinical
models with multi-organ involvement, similar to heart failure with reduced ejection fraction (HFrEF),
continue to be poorly understood. Prospective studies are needed to elucidate the natural history
of clinical progression in patients with HFpEF and to identify the exact left ventricular remodeling
mechanism that underlies this progression.

Keywords: heart failure; heart failure with preserved ejection fraction; left ventricular remodeling;
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1. Introduction

The clinical phenotype of patients with reduced ejection fraction (HFrEF) is extensively studied
and understood, but the clinical phenotype and natural history of patients with preserved ejection
fraction (HFpEF) remain poorly defined. There is incomplete knowledge and understanding of HFpEF
pathophysiology. The relevant clinical trials are suboptimal in their design, and the treatment to a great
extent is empiric [1]. The number of patients with HFpEF is increasing, partly related to the diastolic
left ventricular (LV) dysfunction due to aging and to contributing comorbidities [2]. The comorbidities
have a marked effect on the diastolic LV function and on the appearance of the classical clinical features
of heart failure (HF) syndrome, in both phenotypes, HFrEF and HFpEF. The objective of this review is
to state the undefined natural clinical progression of the HFpEF syndrome when the natural history of
the HFrEF is well known to have a relentless clinical progression. Thus, this paper is “focused” mainly
on the relatively unknown “clinical progression of HFpEF syndrome” and its relation to the diastolic
dysfunction of the LV. Probably the identification of the left ventricular remodeling mechanism that
underlies the HFpEF would help to understand the natural history of the syndrome.

2. Clinical Phenotypes of Heart Failure Based on the Ejection Fraction

During the last two decades emerged a new nomenclature of the clinical congestive HF syndrome
that is based on the ejection fraction. This classification categorizes the patients with HF into those
with HFrEF (EF < 50%) and those with HFpEF (EF > 50%). In the community, the prevalence of
both phenotypes of HF, HFpEF and HFrEF, is equal [3]. HFrEF is characterized by loss of contractile
myocardial force, while HFpEF is due to diastolic dysfunction [4]. The symptoms, clinical signs
and physical findings are similar in both groups of patients. In a recent cohort study of 2166 adult
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outpatients with HF, with three-year follow-up, the clinical characteristics and outcomes of these
patients were investigated [5]. Of these patients, 350 from the cohort of 2166 (16, 2%) with originally
reduced (<40%) left ventricular ejection fraction (LVEF) demonstrated later on, during the follow-up,
an improved or recovered ejection fraction (>40%). This group of patients with recovered ejection
fraction had “a different clinical course than patients with HFpEF and HFrEF, with lower mortality,
less frequent hospitalizations, and fewer composite end points” [5]. This paper emphasizes the
overlapping of the HF clinical phenotypes.

To a number of clinicians, in view of the fact that the majority of the patients with HFrEF display
to some extent diastolic dysfunction, the clinical distinction between the two syndromes is considered
unnecessary [6]. According to this view, it is rather appropriate for the two entities to be considered
as a continuous disease spectrum of overlapping clinical entities (phenotypes) [6]. To the majority of
clinicians, because of different primary pathophysiological processes, the two HF syndromes should
be considered as separate clinical phenotypes. This position is taken regardless of the clinical overlap
between them. Moreover, separate clinical management is important due to distinct therapeutic and
preventive factors. At the present state of knowledge, the symptomatic therapy of the two clinical
entities is similar. Probably future clinical studies and objective diagnostic criteria will shed some light
on a more specific treatment.

In exploring the fundamental molecular mechanisms of HFpEF, it is important to define the exact
molecular processes responsible for the slowing of myocardial relaxation and for the increase of elastic
stiffness in both the myocardium and the arterial wall of the peripheral arteries. In hypertension,
the increased left ventricular afterload is a stimulus for ventricular structural remodeling and stiffening.
These structural changes are leading to higher systolic left ventricular wall stress and slowing of
ventricular relaxation [7]. The normal age-dependent gradual elevation in the arterial systolic pressure
and pulse pressure are caused by vascular remodeling and stiffening of the arterial wall. These changes
in the arterial wall are associated with a shift in left ventricular filling from early to late diastole [8].
The filling pattern of the elderly is similar to the filling pattern of the patients with heart disease who
have diminished left ventricular relaxation and ventricular hypertrophy.

It is important to differentiate the name ‘diastolic dysfunction’ from the term of ‘diastolic heart
failure’ syndrome. The age-dependent diastolic dysfunction does not necessarily indicate people with
an increased risk of diastolic HF [8]. The pre-clinical diastolic dysfunction (PDD) is still a poorly
understood subclinical condition. It demonstrates marked increase in all-cause mortality having the
potentiality to progress from PDD to symptomatic HF [9,10].

The rising levels of biomarkers, brain natriuretic peptide (BNP) and the N-terminal pro-B-type
natriuretic peptide (NT-proBNP), reinforce the clinical diagnosis of HFpEF. Their high negative
predictive value excludes the diagnosis in some patients with suspected HF [11]. However, generally,
the natriuretic peptides do not have sufficient diagnostic power to support the presence of diastolic
dysfunction [11].

3. Clinical Progression in Patients with Preserved Ejection Fraction

In general, very few original papers are addressed to the natural history of PDD and to the clinical
progression from PDD to overt symptomatic HF [12]. Furthermore, there is limited literature for the
clinical progression of established HFpEF from the initial symptomatic HF period to the final stages of
HF (Figure 1). The majority of the patients with HFpEF do not show any particular hidden cardiac
disease. Nevertheless, most of them present with one or more comorbidities: old age, pulmonary
disease, diabetes mellitus, anemia, renal disease, obesity, sleep disordered breathing, coronary artery
disease, hypertension, peripheral vascular disease and a variety of other non-cardiac comorbidities.

Some publications provided useful epidemiological facts to the preclinical prevalence of
diastolic dysfunction in the general population [9,13]. The prevalence of asymptomatic diastolic
dysfunction fluctuates between 20%–35% in the elderly population and increases with age and various
comorbidities [14,15]. Most frequently, after the occurrence of PDD, the progression to symptomatic
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HFpEF is influenced by cardiovascular and non-cardiac risk factors. Patients with diabetes mellitus,
coronary artery disease or hypertension complicated with PDD demonstrate a significantly higher risk
to progress in HF compared with patients having the same comorbidities, but without the presence of
PDD [10]. An established epidemiological fact is that in hypertensive patients, the efficient therapy of
hypertension syndrome can prevent the progression of diastolic dysfunction to HFpEF [16].J. Cardiovasc. Dev. Dis. 2016, 3, 27 3 of 10 
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In OCHFS (Olmsted County Heart Function Study), for a period of four years, changes were
recorded in diastolic function in randomly-selected individuals, 45 years or older [17]. The trial was
scheduled to affirm the relationship between diastolic dysfunction and the risk of the appearance of
HF syndrome. Diastolic dysfunction prevalence increased over the initial four years, and in some
individuals, during an additional follow-up period of six years, their established diastolic dysfunction
progressed to HF [17].

In a cohort of PDD subjects, progression to clinical HF according to Framingham criteria was
expected to be low with a two-year cumulative probability of 1.9% [18]. Moreover, there was a
“moderate degree of progression to the development of symptoms and cardiac hospitalizations over
2 years (31.1%)” [18]. The same authors found that in patients with PDD, only peripheral vascular
disease and hypertension were independently related to the development of symptoms.

The development of left ventricular diastolic dysfunction is linked to left ventricular hypertrophy
(LVH). Yet, different studies in animals and humans indicate that the diastolic dysfunction starts
before the appearance of LVH. Dupont et al. [19] demonstrated that in three-week-old spontaneously
hypertensive rats, the onset of left ventricular diastolic dysfunction appears before LVH and therefore
is not related to LVH or hypertension. At present, it is not clear if the regression of LVH or the
improvement of the diastolic function would avert the progression from diastolic dysfunction to
HFpEF [10]. We do not have robust data to support the hypothesis that the most probable mechanism



J. Cardiovasc. Dev. Dis. 2016, 3, 27 4 of 10

of clinical progression in patients with HFpEF is the left ventricular remodeling mechanism, similar to
that of HFrEF patients.

In a population-based study, 388 patients, mean age 67 ± years, with a prevalence of renal
insufficiency (glomerular filtration rate <60 mL/min) of 34% and with a Grade 2–4 diastolic dysfunction
in echocardiography, were followed-up over three years [20]. The objective was to determine the
significance of the risk factors that are associated with the progression of PDD to symptomatic
HF. The three-year cumulative probabilities of the development of HF, atrial fibrillation, cardiac
hospitalization and mortality were 11.6%, 14.5%, 17.7% and 10.1% respectively. It was determined
that age, right ventricular systolic pressure and renal dysfunction were independently associated with
progression to HF.

Diabetic cardiomyopathy is linked to the presence of myocardial hypertrophy and stiffness that
induce diastolic dysfunction. In diabetic patients, poor glycemic control is related to an increased risk
of HF, but it remains unclear whether treating hyperglycemia will reduce progression or reverse the
presence of HFpEF syndrome [21]. From et al. [22], in 1760 diabetic patients, with a tissue Doppler
imaging of diastolic function, identified 411 patients (23%) with diastolic dysfunction. The above
authors evaluated the outcomes of PDD in diabetic patients and demonstrated that in five years,
the cumulative probability of HF for diabetic patients with PDD was 36.9% compared to 16.8% for
patients without PDD [22].

Ren et al. [23] evaluated the association of PDD with cardiovascular effects in 693 patients with
coronary heart disease and no history of HF. They discovered that 455 (66%) patients had normal
left ventricular diastolic dysfunction, 166 (24%) had mild diastolic dysfunction and 72 (10%) had
moderate to severe diastolic dysfunction. They concluded after multivariable adjustment that in
patients with coronary heart disease, the presence of moderate to severe diastolic dysfunction was
strongly predictive of incident hospitalization for HF and death from heart disease.

In the I-PRESERVE (Irbesartan in Heart Failure with Preserved Ejection Fraction Study) study,
the mode of death in patients with HFpEF and the role of irbesartan to alter this possibility were
examined [24]. It was proven that the mode of death in HFpEF patients was cardiovascular in 60%
(including 26% sudden, 14% HF, 5% myocardial infarction and 9% stroke), non-cardiovascular in
30% and unknown in 10%. Treatment with irbesartan did not affect the overall mortality nor the
distribution of mode-related mortality rates.

The present therapy of HFpEF has not been effective in reducing morbidity and mortality.
Angiotensin-converting enzyme inhibitors (ACEI), angiotensin-II receptor antagonists (ARA), diuretics
and beta blockers were proven ineffective to decrease the composite product of hospital readmission
and death in patients with HFpEF [25–28]. In a review study of patients with HFrEF and HFpEF
who participated in the DIG (Digitalis Investigation Group) [29] and the CHARM (Candesartan in
Heart Failure: Assessment of Reduction in Mortality and Morbidity) [30] trials, the outcomes were
compared between the two types of HF [31]. Patients in these trials, along with the I-PRESERVE
study [26], were compared for age, sex distribution and comorbidity and provided interesting insights
into the relation between phenotype, rates of death and HF hospitalization. The poor clinical outcomes
in HFpEF patients were not explained by the presence of old age, gender, blood pressure or left
ventricular structural remodeling; they were better explained by the presence of the clinical syndrome
of HF. Ahmed et al. [32] found no effect of digoxin therapy on mortality in either HFpEF or HFrEF,
but it was advantageous in the composite product of repeated hospitalizations or death. Furthermore,
carvedilol therapy failed to improve patients with HFpEF [33].

The HOPE (Heart Outcomes Prevention Evaluation) study revealed that in patients having high
cardiovascular risk, particularly patients with borderline hypertension, the risk of developing HF
was reduced after therapy with ACEIs [34]. In the ALLHAT (Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial) trial, it was proven that diuretic therapy was more successful
than calcium channel blockers for reducing HF [35]. There are some suggestions that the lowering
of the high blood pressure in hypertensive patients may lead to the regression of the LV diastolic
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dysfunction [36,37]. In the Hong Kong diastolic HF study, in a population with HFpEF, treatment with
diuretics, irbesartan and ramipril improved LV global and regional diastolic function and decreased
levels of NT-proBNP [38]. The TOPCAT (Trial of Aldosterone Antagonist Therapy in Adults with
Preserved Ejection Fraction Congestive Heart Failure) trial was designed to evaluate the role of
spironolactone treatment on the morbidity, mortality and quality of life in patients with HFpEF [39].
It was concluded that the treatment with spironolactone did not alter the occurrence of the primary
composite result of cardiovascular death, aborted cardiac arrest or hospitalization [40]. In another
paper of the TOPCAT trial, it was demonstrated that in HFpEF patients from Russia/Georgia, there was
no detectable impact of spironolactone on any clinical outcomes [41]. That is in contrast with the
Americas where “the rates of the primary outcome, cardiovascular death, and hospitalization for heart
failure were significantly reduced by spironolactone”. In another recent randomized trial, in patients
with HFpEF, the treatment with spironolactone improved their LV diastolic function, but that did not
have an impact on maximal exercise capacity, patient symptoms or quality of life [42].

A new HFpEF paradigm was presented recently with the emphasis moved from the left ventricular
afterload increase to coronary microvascular inflammation. Paulus and Tschope [43], suggest that a
systemic proinflammatory state induced by comorbidities leads to coronary microvascular endothelial
inflammation, to an increase of reactive oxygen species (ROS) and to reduction of nitric oxide
bioavailability for adjacent cardiomyocytes. Both of them limit protein kinase G (PKG) activity
and cyclic guanosine monophosphate (cGMP) in cardiomyocytes. The PKG activity is lower in HFpEF
patients than in patients with HFrEF and that is related to the greater size of the cardiomyocytes that
are stiff and hypertrophied [44]. The reduced PKG activity increases resting tension of cardiomyocytes
that favors hypertrophy and induces concentric left ventricular remodeling. In contrast, the normal
functional activity of PKG puts an end to myocardial hypertrophy progression [45]. Both the stiff
cardiomyocytes and the interstitial fibrosis cause diastolic left ventricular dysfunction and, finally,
left ventricular stiffness and HF [43,46]. The cGMP-PKG pathway probably is a promising therapeutic
target for patients with HFpEF, a probability “that is mainly based on its role in the phosphorylation of
the giant cytoskeletal protein titin” [47,48]. The above relocation of interest to endothelial inflammation
shifts attention to concentric LVH remodeling and diastolic dysfunction in contrast to the HFrEF
remodeling, which is driven by progressive loss of cardiomyocytes [49]. Pellicori et al. [50] believe
that left atrial emptying function (LAEF) is a better prognostic marker in outpatients referred for HF,
while the improvement of the LA structural remodeling after therapy is associated with better clinical
outlook in patients with HF [51].

4. Incomplete Knowledge of Clinical Progression

The previously-recorded studies were limited in focus and clinical follow-up of patients with
PDD and HFpEF. The subclinical progression of the PDD to the clinical entity of HFpEF and the
further clinical advance to more complex clinical models of HF, analogous to HFrEF, continue to be
poorly understood. Few large animal models that imitate the human HFpEF syndrome are described.
Conceicao et al. in a recent article are suggesting that “although most of the heart failure animal models
currently available represent heart failure with reduced ejection fraction, several HFpEF animal models
have been proposed. However, few of these fulfill all the features present in human disease” [52].
The relevant clinical trials are suboptimal in their design, and the treatment to a great extent remains
largely empiric [1]. The present limited natural history data on follow-up in all clinical stages of PDD
and HFpEF patients raise a number of questions: (1) there is an unspecified relationship between PDD
and progression to HFpEF; (2) there are no data for the relationship between the degree of PDD and
clinical progression, as people with the same degree of PDD develop different clinical phenotypes;
(3) there is an undetermined connection of the progression rate from PDD to HFpEF for each particular
comorbidity; (4) there are no data for similarities or differences between the two clinical phenotypes
on clinical deterioration and progression up to the final stages of HF; (5) there are no clear data on
the mortality rate of HFpEF patients during the whole period of clinical deterioration up to the final
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stages; more data are required for the duration and survival in each step of the syndrome (Figure 2);
(6) robust data are needed to support the notion that in HFpEF, the left ventricular remodeling is the
most probable cause of the clinical decline; (7) it is speculated that the two phenotypes differ in their
remodeling mechanism, and as a consequence, they have developed different clinical progression
rates; (8) novel prognostic imaging biomarkers are required; probably, LA function is emerging as an
important prognostic biomarker [51].
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HFrEF syndrome has the characteristics of an entity with a progressive clinical deterioration
with a relentless course toward end-stage myocardial failure with periods of clinical stabilization
and periods of clinical instability [53]. At present, we are short of a similar clinical picture with the
characteristics of a progressive and relentless course for HFpEF syndrome. The syndrome of HFpEF
has a complex pathophysiology, heterogeneous etiology and is complicated by various comorbidities,
which are probably predictors of clinical progression [54]. Ferrari et al. suggest that “the absence of
clear diagnostic clinical criteria was the major barrier to progress” in understanding the syndrome
of HFpEF, and there are “difficulties in performing randomized clinical trials, due to difficulties in
characterizing HFpEF itself” [55]. Lekavich et al., believe that “longitudinal studies are lacking” and
“studies designed and adequately powered to study the impact of race and age . . . to further incident
HFpEF research” are needed [56].

Thus, in answer to the above questions, the availability of a more suitable model paradigm of
clinical HFpEF progression is required. Furthermore, well-designed future longitudinal clinical trials
are needed in order to validate specific subgroups of HFpEF phenotypes from the PDD phase up to
the terminal stages. This approach will address better the complexity of HFpEF syndrome and will
speed the development of novel diagnostic and therapeutic procedures.

5. Conclusions

There is limited information of the natural history and clinical progression of PDD and HFpEF
syndromes. The HFpEF syndrome is a term that involves many distinct mechanisms of disease. Thus,
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diastolic function abnormalities may be driven more by calcium handling in one patient and tissue
fibrosis in another and ventricular-aortic coupling in another. This has further complicated our ability
to define the natural history and clinical progression of this heart failure syndrome. The insufficient
clinical and epidemiological data prohibit the comparison of their natural history with this of HFrEF
syndrome. It is also speculated that the HFpEF patients have a different LV remodeling mechanism than
that of HFrEF patients. As a consequence of that, they have developed different clinical progression
rates. Prospective studies are needed to describe the progressive nature of PDD and HFpEF syndromes.
We need to be better at disease phenotyping in HFpEF in order to make progress in this area. LVEF
alone will not be adequate.
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of interest.

References

1. Senni, M.; Paulus, W.J.; Gavazzi, A.; Fraser, A.G.; Díez, J.; Solomon, S.D.; Smiseth, O.A.; Guazzi, M.;
Lam, C.S.P.; Maggioni, A.P.; et al. New strategies for heart failure with preserved ejection fraction:
The importance of targeted therapies for heart failure phenotypes. Eur. Heart J. 2014, 35, 2797–2811.
[CrossRef] [PubMed]

2. Greenberg, B. Heart failure preserved ejection fraction with coronary artery disease: Time for a new
classification? J. Am. Coll. Cardiol. 2014, 63, 2828–2830. [CrossRef] [PubMed]

3. Bursi, F.; Weston, S.A.; Redfield, M.M.; Jacobsen, S.J.; Pakhomov, S.; Nkomo, V.T.; Meverden, R.A.; Roger, V.L.
Systolic and diastolic heart failure in the community. JAMA 2006, 296, 2209–2216. [CrossRef] [PubMed]

4. Oh, J.K.; Hatle, L.; Tajik, A.J.; Little, W.C. Diastolic heart failure can be diagnosed by comprehensive
two-dimensional and Doppler echocardiography. J. Am. Coll. Cardiol. 2006, 47, 500–506. [CrossRef]
[PubMed]

5. Kalogeropoulos, A.P.; Fonarow, G.C.; Georgiopoulou, V.; Burkman, G.; Siwamogsatham, S.; Patel, A.; Li, S.;
Papadimitriou, L.; Butler, J. Characteristics and Outcomes of Adult Outpatients with Heart Failure and
Improved or Recovered Ejection Fraction. JAMA Cardiol. 2016, 1, 510–518. [CrossRef] [PubMed]

6. Borlaug, B.A.; Redfield, M.M. Diastolic and Systolic Heart Failure are Distinct Phenotypes within the Heart
Failure Spectrum. Circulation 2011, 123, 2006–2013. [CrossRef] [PubMed]

7. Kawaguchi, M.; Hay, I.; Fetics, B.; Kass, D.A. Combined ventricular systolic and arterial stiffening in patients
with heart failure and preserved ejection fraction: Implications for systolic and diastolic reserve limitations.
Circulation 2003, 107, 714–720. [CrossRef] [PubMed]

8. Smiseth, O.A.; Remme, E.W.; Opdahl, A.; Aakhus, S.; Skulsad, H. Heart failure with normal left ventricular
ejection fraction: Basic principles and clinical diagnostics. In Translational Approach to Heart Failure;
Bartunek, J., Vanderheyden, M., Eds.; Springer: New York, NY, USA, 2013; pp. 25–61.

9. Redfield, M.M.; Jacobsen, S.J.; Burnett, J.C., Jr.; Mahoney, D.W.; Bailey, K.R.; Rodeheffer, R.J. Burden of
systolic and diastolic ventricular dysfunction in the community: Appreciating the scope of the heart failure
epidemic. JAMA 2003, 289, 194–202. [CrossRef] [PubMed]

10. Wan, S.H.; Vogel, M.W.; Chen, H.H. Pre-clinical diastolic dysfunction. J. Am. Coll. Cardiol. 2014, 63, 407–416.
[CrossRef] [PubMed]

11. Zaphiriou, A.; Robb, S.; Murray-Thomas, T.; Mendez, G.; Fox, K.; McDonagh, T.; Hardman, S.M.; Dargie, H.J.;
Cowie, M.R. The diagnostic accuracy of plasma BNP and NT-proBNP in patients referred from primary care
with suspected heart failure: Results of the UK natriuretic peptide study. Eur. J. Heart Fail. 2005, 7, 537–541.
[CrossRef] [PubMed]

12. Mesquita, E.T.; Jorge, A.J.; Souza Junior, C.V.; Cassino, J.P. Systems biology applied to heart failure with
normal ejection fraction. Arq. Bras. Cardiol. 2014, 102, 510–517. [CrossRef] [PubMed]

13. Abhayaratna, W.P.; Marwick, T.H.; Smith, W.T.; Becker, N.G. Characteristics of left ventricular diastolic
dysfunction in the community: An echocardiographic survey. Heart 2006, 92, 1259–1264. [CrossRef]
[PubMed]

http://dx.doi.org/10.1093/eurheartj/ehu204
http://www.ncbi.nlm.nih.gov/pubmed/25104786
http://dx.doi.org/10.1016/j.jacc.2014.03.033
http://www.ncbi.nlm.nih.gov/pubmed/24768875
http://dx.doi.org/10.1001/jama.296.18.2209
http://www.ncbi.nlm.nih.gov/pubmed/17090767
http://dx.doi.org/10.1016/j.jacc.2005.09.032
http://www.ncbi.nlm.nih.gov/pubmed/16458127
http://dx.doi.org/10.1001/jamacardio.2016.1325
http://www.ncbi.nlm.nih.gov/pubmed/27434402
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.954388
http://www.ncbi.nlm.nih.gov/pubmed/21555723
http://dx.doi.org/10.1161/01.CIR.0000048123.22359.A0
http://www.ncbi.nlm.nih.gov/pubmed/12578874
http://dx.doi.org/10.1001/jama.289.2.194
http://www.ncbi.nlm.nih.gov/pubmed/12517230
http://dx.doi.org/10.1016/j.jacc.2013.10.063
http://www.ncbi.nlm.nih.gov/pubmed/24291270
http://dx.doi.org/10.1016/j.ejheart.2005.01.022
http://www.ncbi.nlm.nih.gov/pubmed/15921792
http://dx.doi.org/10.5935/abc.20140062
http://www.ncbi.nlm.nih.gov/pubmed/24918915
http://dx.doi.org/10.1136/hrt.2005.080150
http://www.ncbi.nlm.nih.gov/pubmed/16488928


J. Cardiovasc. Dev. Dis. 2016, 3, 27 8 of 10

14. Lam, C.S.; Lyass, A.; Kraigher-Krainer, E.; Massaro, J.M.; Lee, D.S.; Ho, J.E.; Levy, D.; Redfield, M.M.;
Pieske, B.M.; Benjamin, E.J.; et al. Cardiac dysfunction and noncardiac dysfunction as precursors of
heart failure with reduced and preserved ejection fraction in the community. Circulation 2011, 124, 24–30.
[CrossRef] [PubMed]

15. Mureddu, G.F.; Agabiti, N.; Rizzello, V.; Forastiere, F.; Latini, R.; Cesaroni, G.; Masson, S.; Cacciatore, G.;
Colivicchi, F.; Uguccioni, M.; et al. Prevalence of preclinical and clinical heart failure in the elderly.
A population-based study in Central Italy. Eur. J. Heart Fail. 2012, 14, 718–729. [CrossRef] [PubMed]

16. Moser, M.; Hebert, P.R. Prevention of disease progression, left ventricular hypertrophy and congestive heart
failure in hypertension treatment trials. J. Am. Coll. Cardiol. 1996, 27, 1214–1218. [CrossRef]

17. Kane, G.C.; Karon, B.L.; Mahoney, D.W.; Redfield, M.M.; Roger, V.L.; Burnett, J.C.; Jacobsen, S.J.;
Rodeheffer, R.J. Progression of left ventricular diastolic dysfunction and risk of heart failure. JAMA 2011,
306, 856–863. [CrossRef] [PubMed]

18. Correa de Sa, D.D.; Hodge, D.O.; Slusser, J.P.; Redfield, M.M.; Simari, R.D.; Burnett, J.C.; Chen, H.H.
Progression of preclinical diastolic dysfunction to the development of symptoms. Heart 2010, 96, 528–532.
[CrossRef] [PubMed]

19. Dupont, S.; Maizel, J.; Mentaverri, R.; Chillon, J.M.; Six, I.; Giummelly, P.; Brazier, M.; Choukroun, G.;
Tribouilloy, C.; Massy, Z.A.; et al. The onset of left ventricular diastolic dysfunction in SHR rats is not related
to hypertrophy or hypertension. Am. J. Physiol. Heart Circ. Physiol. 2012, 302, H1524–H1532. [CrossRef]
[PubMed]

20. Vogel, M.W.; Slusser, J.P.; Hodge, D.O.; Chen, H.H. The natural history of preclinical diastolic dysfunction:
A population-based study. Circ. Heart Fail. 2012, 5, 144–151. [CrossRef] [PubMed]

21. Iribarren, C.; Karter, A.J.; Go, A.S.; Ferrara, A.; Liu, J.Y.; Sidney, S.; Selby, J.V. Glycemic control and heart
failure among adult patients with diabetes. Circulation 2001, 103, 2668–2673. [CrossRef] [PubMed]

22. From, A.M.; Scott, C.G.; Chen, H.H. The development of heart failure in patients with diabetes mellitus
and pre-clinical diastolic dysfunction: A population-based study. J. Am. Coll. Cardiol. 2010, 55, 300–305.
[CrossRef] [PubMed]

23. Ren, X.; Ristow, B.; Na, B.; Ali, S.; Schiller, N.B.; Whooley, M.A. Prevalence and prognosis of asymptomatic
left ventricular diastolic dysfunction in ambulatory patients with coronary heart disease. Am. J. Cardiol.
2007, 99, 1643–1647. [CrossRef] [PubMed]

24. Zile, M.R.; Gaasch, W.H.; Anand, I.S.; Haass, M.; Little, W.C.; Miller, A.B.; Lopez-Sendon, J.; Teerlink, J.R.;
White, M.; McMurray, J.J.; et al. Mode of death in patients with heart failure and a preserved ejection
fraction: Results from the Irbesartan in Heart Failure with Preserved Ejection Fraction Study (I-Preserve)
trial. Circulation 2010, 121, 1393–1405. [CrossRef] [PubMed]

25. McMurray, J.J.; Adamopoulos, S.; Anker, S.D.; Auricchio, A.; Böhm, M.; Dickstein, K.; Falk, V.; Filippatos, G.;
Fonseca, C.; Gomez-Sanchez, M.A.; et al. ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure 2012: The task force for the diagnosis and treatment of acute and chronic heart failure
2012 of the European Society of Cardiology. Developed in collaboration with the Heart Failure Association
(HFA) of the ESC. Eur. Heart J. 2012, 14, 803–869.

26. Massie, B.M.; Carson, P.E.; McMurray, J.J.; Komajda, M.; McKelvie, R.; Zile, M.R.; Anderson, S.; Donovan, M.;
Iverson, E.; Staiger, C.; et al. Irbesartan in patients with heart failure and preserved ejection fraction. N. Engl.
J. Med. 2008, 359, 2456–2467. [CrossRef] [PubMed]

27. Ghio, S.; Magrini, G.; Serio, A.; Klersy, C.; Fucili, A.; Ronaszèki, A.; Karpati, P.; Mordenti, G.; Capriati, A.;
Poole-Wilson, P.A.; et al. Effects of nebivolol in elderly heart failure patients with or without systolic left
ventricular dysfunction: Results of the SENIORS echocardiographic substudy. Eur. Heart J. 2006, 27, 562–568.
[CrossRef] [PubMed]

28. Paulus, W.J.; van Ballegoij, J.J.M. Treatment of heart failure with normal ejection fraction. An inconvenient
truth! J. Am. Coll. Cardiol. 2010, 55, 526–537. [CrossRef] [PubMed]

29. The Digitalis Investigation Group. The effect of digoxin on mortality and morbidity in patients with heart
failure. N. Engl. J. Med. 1997, 336, 525–533.

30. Yusuf, S.; Pfeffer, M.A.; Swedberg, K.; Granger, C.; Held, P.; McMurray, J.; Michelson, E.; Olofsson, B.;
Ostergren, J.; Comm, C. Effects of candesartan in patients with chronic heart failure and preserved
left-ventricular ejection fraction: The CHARM-Preserved Trial. Lancet 2003, 362, 777–781. [CrossRef]

http://dx.doi.org/10.1161/CIRCULATIONAHA.110.979203
http://www.ncbi.nlm.nih.gov/pubmed/21670229
http://dx.doi.org/10.1093/eurjhf/hfs052
http://www.ncbi.nlm.nih.gov/pubmed/22562498
http://dx.doi.org/10.1016/0735-1097(95)00606-0
http://dx.doi.org/10.1001/jama.2011.1201
http://www.ncbi.nlm.nih.gov/pubmed/21862747
http://dx.doi.org/10.1136/hrt.2009.177980
http://www.ncbi.nlm.nih.gov/pubmed/20350989
http://dx.doi.org/10.1152/ajpheart.00955.2010
http://www.ncbi.nlm.nih.gov/pubmed/22287586
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.959668
http://www.ncbi.nlm.nih.gov/pubmed/22278404
http://dx.doi.org/10.1161/01.CIR.103.22.2668
http://www.ncbi.nlm.nih.gov/pubmed/11390335
http://dx.doi.org/10.1016/j.jacc.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/20117433
http://dx.doi.org/10.1016/j.amjcard.2007.01.041
http://www.ncbi.nlm.nih.gov/pubmed/17560867
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.909614
http://www.ncbi.nlm.nih.gov/pubmed/20231531
http://dx.doi.org/10.1056/NEJMoa0805450
http://www.ncbi.nlm.nih.gov/pubmed/19001508
http://dx.doi.org/10.1093/eurheartj/ehi735
http://www.ncbi.nlm.nih.gov/pubmed/16443607
http://dx.doi.org/10.1016/j.jacc.2009.06.067
http://www.ncbi.nlm.nih.gov/pubmed/20152557
http://dx.doi.org/10.1016/S0140-6736(03)14285-7


J. Cardiovasc. Dev. Dis. 2016, 3, 27 9 of 10

31. Campbell, R.T.; Jhund, P.S.; Castagno, D.; Hawkins, N.M.; Petrie, M.C.; McMurray, J.J.V. What have we
learned about patients with heart failure and preserved ejection fraction from DIG-PEF, CHARM-Preserved,
and I-PRESERVE? J. Am. Coll. Cardiol. 2012, 60, 2349–2356. [CrossRef] [PubMed]

32. Ahmed, A.; Rich, M.W.; Fleg, J.L.; Zile, M.R.; Young, J.B.; Kitzman, D.W.; Love, T.E.; Aronow, W.S.;
Adams, K.F.; Gheorghiade, M. Effects of digoxin on morbidity and mortality in diastolic heart failure:
The ancillary digitalis investigation group trial. Circulation 2006, 114, 397–403. [CrossRef] [PubMed]

33. Yamamoto, K.; Origasa, H.; Hori, M. Effects of carvedilol on heart failure with preserved ejection fraction:
The Japanese Diastolic Heart Failure Study (J-DHF). Eur. J. Heart Fail. 2013, 15, 110–118. [CrossRef] [PubMed]

34. Arnold, J.M.; Yusuf, S.; Young, J.; Mathew, J.; Johnstone, D.; Avezum, A.; Lonn, E.; Pogue, J.; Bosch, J.
Prevention of heart failure in patients in the Heart Outcomes Prevention Evaluation (HOPE) study. Circulation
2003, 107, 1284–1290. [CrossRef] [PubMed]

35. Davis, B.R.; Piller, L.B.; Cutler, J.A.; Furberg, C.; Dunn, K.; Franklin, S.; Goff, D.; Leenen, F.; Mohiuddin, S.;
Papademetriou, V.; et al. Role of diuretics in the prevention of heart failure: The Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart Attack Trial. Circulation 2006, 113, 2201–2210. [CrossRef]
[PubMed]

36. Solomon, S.D.; Verma, A.; Desai, A.; Hassanein, A.; Izzo, J.; Oparil, S.; Lacourciere, Y.; Lee, J.; Seifu, Y.;
Hilkert, R.J.; et al. Effect of intensive versus standard blood pressure lowering on diastolic function in
patients with uncontrolled hypertension and diastolic dysfunction. Hypertension 2010, 55, 241–248. [CrossRef]
[PubMed]

37. Palmieri, V.; Russo, C.; Bella, J.N. Treatment of isolated left ventricular diastolic dysfunction in hypertension:
Reaching blood pressure target matters. Hypertension 2010, 55, 224–225. [CrossRef] [PubMed]

38. Yip, G.W.; Wang, M.; Wang, T.; Chan, S.; Fung, J.W.; Yeung, L.; Yip, T.; Lau, S.T.; Lau, C.P.; Tang, M.O.; et al.
The Hong Kong diastolic heart failure study: A randomized controlled trial of diuretics, irbesartan and
ramipril on quality of life, exercise capacity, left ventricular global and regional function in heart failure with
a normal ejection fraction. Heart 2008, 94, 573–580. [CrossRef] [PubMed]

39. Desai, A.S.; Lewis, E.F.; Li, R.; Solomon, S.D.; Assmann, S.F.; Boineau, R.; Clausell, N.; Diaz, R.; Fleg, J.L.;
Gordeev, I.; et al. Rationale and design of the treatment of preserved cardiac function heart failure with an
aldosterone antagonist trial: A randomized, controlled study of spironolactone in patients with symptomatic
heart failure and preserved ejection fraction. Am. Heart J. 2011, 162, 966–972. [CrossRef] [PubMed]

40. Pitt, B.; Pfeffer, M.A.; Assmann, S.F.; Boineau, R.; Anand, I.S.; Claggett, B.; Clausell, N.; Desai, A.S.; Diaz, R.;
Fleg, J.L.; et al. Spironolactone for heart failure with preserved ejection fraction. N. Engl. J. Med. 2014, 370,
1383–1392. [CrossRef] [PubMed]

41. Pfeffer, M.A.; Claggett, B.; Assmann, S.F.; Boineau, R.; Anand, I.S.; Clausell, N.; Desai, A.S.; Diaz, R.; Fleg, J.L.;
Gordeev, I.; et al. Regional variation in patients and outcomes in the Treatment of Preserved Cardiac Function
Heart Failure With an Aldosterone Antagonist (TOPCAT) trial. Circulation 2015, 131, 34–42. [CrossRef]
[PubMed]

42. Edelmann, F.; Wachter, R.; Schmidt, A.G.; Kraigher-Krainer, E.; Colantonio, C.; Kamke, W.; Duvinage, A.;
Stahrenberg, R.; Durstewitz, K.; Löffler, M.; et al. Effect of spironolactone on diastolic function and exercise
capacity in patients with heart failure with preserved ejection fraction: The Aldo-DHF randomized controlled
trial. JAMA 2013, 309, 781–791. [CrossRef] [PubMed]

43. Paulus, W.J.; Tschope, C. A novel paradigm for heart failure with preserved ejection fraction. J. Am.
Coll. Cardiol. 2013, 62, 263–271. [CrossRef] [PubMed]

44. Van Heerebeek, L.; Hamdani, N.; Falcao-Pires, I.; Leite-Moreira, A.F.; Begieneman, M.P.; Bronzwaer, J.G.;
van der Velden, J.; Stienen, G.J.; Laarman, G.J.; Somsen, A.; et al. Low myocardial protein kinase G activity
in heart failure with preserved ejection fraction. Circulation 2012, 126, 830–839. [CrossRef] [PubMed]

45. Giannetta, E.; Isidori, A.M.; Galea, N.; Carbone, I.; Mandosi, E.; Vizza, C.D.; Naro, F.; Morano, S.; Fedele, F.;
Lenzi, A. Chronic inhibition of cGMP phosphodiesterase 5A improves diabetic cardiomyopath: Randomized,
controlled clinical trial using magnetic resonance imaging with myocardial tagging. Circulation 2012, 125,
2323–2333. [CrossRef] [PubMed]

46. Kasner, M.; Westermann, D.; Lopez, B.; Gaub, R.; Escher, F.; Kühl, U.; Schultheiss, H.-P.; Tschöpe, C.
Diastolic tissue Doppler indexes correlate with the degree of collagen expression and cross-linking in heart
failure and normal ejection fraction. J. Am. Coll. Cardiol. 2011, 57, 977–985. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jacc.2012.04.064
http://www.ncbi.nlm.nih.gov/pubmed/23141494
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.628347
http://www.ncbi.nlm.nih.gov/pubmed/16864724
http://dx.doi.org/10.1093/eurjhf/hfs141
http://www.ncbi.nlm.nih.gov/pubmed/22983988
http://dx.doi.org/10.1161/01.CIR.0000054165.93055.42
http://www.ncbi.nlm.nih.gov/pubmed/12628949
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.544031
http://www.ncbi.nlm.nih.gov/pubmed/16651474
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.138529
http://www.ncbi.nlm.nih.gov/pubmed/19996069
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.144717
http://www.ncbi.nlm.nih.gov/pubmed/19996064
http://dx.doi.org/10.1136/hrt.2007.117978
http://www.ncbi.nlm.nih.gov/pubmed/18208835
http://dx.doi.org/10.1016/j.ahj.2011.09.007
http://www.ncbi.nlm.nih.gov/pubmed/22137068
http://dx.doi.org/10.1056/NEJMoa1313731
http://www.ncbi.nlm.nih.gov/pubmed/24716680
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.013255
http://www.ncbi.nlm.nih.gov/pubmed/25406305
http://dx.doi.org/10.1001/jama.2013.905
http://www.ncbi.nlm.nih.gov/pubmed/23443441
http://dx.doi.org/10.1016/j.jacc.2013.02.092
http://www.ncbi.nlm.nih.gov/pubmed/23684677
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.076075
http://www.ncbi.nlm.nih.gov/pubmed/22806632
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.063412
http://www.ncbi.nlm.nih.gov/pubmed/22496161
http://dx.doi.org/10.1016/j.jacc.2010.10.024
http://www.ncbi.nlm.nih.gov/pubmed/21329845


J. Cardiovasc. Dev. Dis. 2016, 3, 27 10 of 10

47. Kovacs, A.; Alogna, A.; Post, H.; Hamdani, N. Is enhancing cGMP-PKG signaling a promising therapeutic
target for heart failure with preserved ejection fraction? Neth. Heart J. 2016, 24, 268–74. [CrossRef] [PubMed]

48. Franssen, C.; Gonzalez Miqueo, A. The role of titin and extracellular matrix remodeling in heart failure with
preserved ejection fraction. Neth. Heart J. 2016, 24, 259–267. [CrossRef] [PubMed]

49. Zile, M.R.; Gottdiener, J.S.; Hetzel, S.J.; McMurray, J.J.; Komajda, M.; McKelvie, R.; Baicu, C.F.; Massie, B.M.;
Carson, P.E. Prevalence and significance of alterations in cardiac structure and function in patients with
heart failure and a preserved ejection fraction. Circulation 2011, 124, 2491–2501. [CrossRef] [PubMed]

50. Pellicori, P.; Zhang, J.; Lukaschuk, E.; Joseph, A.C.; Bourantas, C.V.; Loh, H.; Bragadeesh, T.; Clark, A.L.;
Cleland, J.G. Left atrial function measured by cardiac magnetic resonance imaging in patients with heart
failure: Clinical associations and prognostic value. Eur. Heart J. 2015, 36, 733–742. [CrossRef] [PubMed]

51. Shah, A.M.; Lam, C.S.P. Function over form? Assessing the left atrium in heart failure. Eur. Heart J. 2015, 36,
711–714. [CrossRef] [PubMed]

52. Conceicao, G.; Heinonen, I.; Lourenco, A.P.; Duncker, D.J.; Falcao-Pires, I. Animal models of heart failure
with preserved ejection fraction. Neth. Heart J. 2016, 24, 275–286. [CrossRef] [PubMed]

53. Louridas, G.E.; Lourida, K.G. A conceptual paradigm of heart failure and systems biology approach.
Int. J. Cardiol. 2012, 159, 5–13. [CrossRef] [PubMed]

54. Ueda, T.; Kawakami, R.; Nishida, T.; Onoue, K.; Soeda, T.; Okayama, S.; Takeda, Y.; Watanabe, M.; Kawata, H.;
Uemura, S.; et al. Left ventricular ejection fraction (EF) of 55% as cutoff for late transition from heart failure
(HF) with preserved EF to HF with mildly reduced EF. Circ. J. 2015, 79, 2209–2215. [CrossRef] [PubMed]

55. Ferrari, R.; Bohm, M.; Cleland, J.G.; Paulus, W.J.; Pieske, B.; Rapezzi, C.; Tavazzi, L. Heart failure with
preserved ejection fraction: Uncertainties and dilemmas. Eur. J. Heart Fail. 2015, 17, 665–671. [CrossRef]
[PubMed]

56. Lekavich, C.L.; Barksdale, D.J.; Neelon, V.; Wu, J.R. Heart failure preserved ejection fraction (HFpEF):
An integrated and strategic review. Heart Fail. Rev. 2015, 20, 643–653. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s12471-016-0814-x
http://www.ncbi.nlm.nih.gov/pubmed/26924822
http://dx.doi.org/10.1007/s12471-016-0812-z
http://www.ncbi.nlm.nih.gov/pubmed/26886920
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.011031
http://www.ncbi.nlm.nih.gov/pubmed/22064591
http://dx.doi.org/10.1093/eurheartj/ehu405
http://www.ncbi.nlm.nih.gov/pubmed/25336215
http://dx.doi.org/10.1093/eurheartj/ehu460
http://www.ncbi.nlm.nih.gov/pubmed/25425447
http://dx.doi.org/10.1007/s12471-016-0815-9
http://www.ncbi.nlm.nih.gov/pubmed/26936157
http://dx.doi.org/10.1016/j.ijcard.2011.07.014
http://www.ncbi.nlm.nih.gov/pubmed/21794935
http://dx.doi.org/10.1253/circj.CJ-15-0425
http://www.ncbi.nlm.nih.gov/pubmed/26227392
http://dx.doi.org/10.1002/ejhf.304
http://www.ncbi.nlm.nih.gov/pubmed/26079097
http://dx.doi.org/10.1007/s10741-015-9506-7
http://www.ncbi.nlm.nih.gov/pubmed/26404098
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Clinical Phenotypes of Heart Failure Based on the Ejection Fraction 
	Clinical Progression in Patients with Preserved Ejection Fraction 
	Incomplete Knowledge of Clinical Progression 
	Conclusions 

