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Abstract Diastolic dysfunction encompasses both those who
are asymptomatic and those who have heart failure symptoms.
Preclinical diastolic dysfunction (PDD), defined as diastolic
dysfunction with preserved ejection fraction (EF) without the
presence of heart failure symptoms, is prevalent and may
progress to heart failure with preserved EF (HFpEF). While
the causative factors of HFpEF are multifactorial, targeting
PDD and its associated comorbidities prior to development
of symptoms can reduce development of heart failure. Diabe-
tes, coronary artery disease, hypertension, and renal dysfunc-
tion are targets of treatment in those with diastolic dysfunction
that may decrease the risk of heart failure development. This
reviewwill focus on PDD, its epidemiology, pathophysiology,
comorbid conditions, and management that may prevent de-
velopment of heart failure.
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Introduction

Heart failure (HF) affects over five million American adults,
and projected estimates show growth of this epidemic by 25%
over the next 15 years as the population of the USA continues
to age [1]. While the underlying pathophysiology of heart
failure encompasses both systolic and diastolic dysfunction,
heart failure itself is a clinical diagnosis [2]. One classification
system for heart failure is reliant on the ejection fraction (EF),
where in patients with symptoms of heart failure, an EF of
<40 % is termed heart failure with reduced ejection fraction
(HFrEF) and an EF of ≥50 % is termed heart failure with
preserved EF (HFpEF). HFpEF encompasses approximately
half of all heart failure cases [3].

In contemporary heart failure literature, the terms systolic
heart failure and diastolic heart failure have lost popularity,
given the multifactorial contributions to heart failure develop-
ment, as well as the fact that diastolic dysfunction may be
present in both HFrEF and HFpEF [4]. Therefore, the term
HFpEF has largely replaced diastolic heart failure, recogniz-
ing that many factors, not just diastolic dysfunction, contribute
to HFpEF. Additionally, while all patients with HFrEF have
systolic dysfunction, a large proportion has concomitant dia-
stolic dysfunction [5].

Classification of Heart Failure Development
and Progression

The four stages of heart failure as per the American College of
Cardiology Foundation and American Heart Association
(ACCF/AHA) classification reflect the risk associated with
development and progression of structural heart disease to
symptomatic heart failure [6]. Stages A and B reflect asymp-
tomatic disease, and stages C and D reflect symptomatic heart
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failure. Stage A is defined as high risk for HF development
based on comorbid conditions, without structural heart dis-
ease. Stage B is defined as structural heart disease, such as
systolic or diastolic dysfunction identified on cardiac imaging,
without signs or symptoms of HF. Stages C and D are defined
as symptomatic HF and disease refractory to treatment,
respectively.

Therefore, stage A encompasses those with comorbid car-
diac conditions at high risk of HF development, and stage B
includes preclinical diastolic dysfunction. Targeting diastolic
dysfunction is essential as there is known progression from
stage A and B to stage C and D heart failure [7]. Furthermore,
there is rapid increase in mortality and reduction in quality of
life with progression from HF stages A to D [8, 9].

Diastolic Dysfunction Defined

The gold standard for evaluation of diastolic dysfunction is
invasive hemodynamic measurements with cardiac catheteri-
zation, characterizing the rate of left ventricular pressure de-
cline, time constant of left ventricular relaxation tau, and the
stiffness modulus. In clinical practice, however, invasive mea-
surements for diastolic dysfunction are generally not per-
formed given the availability of noninvasive, accurate, and
efficient measurements of diastolic function with imaging mo-
dalities. The use of echocardiography, as well as more recent
cardiac magnetic resonance imaging (CMR), allows for deter-
mination of the stiffness and relaxation of the heart. With
Doppler echocardiography, the early (E) and atrial (A) phases
of diastolic left ventricular filling can be characterized. Fur-
thermore, the mitral annulus velocity (e′) during diastole can
be measured with tissue Doppler. The E/e′ reflects left ventric-
ular filling pressures, and the E/A ratio is an estimate of the
ventricular relaxation pattern [10]. More recently, strain rate
imaging has also been employed to better characterize cardiac
deformity [11]. CMR offers improved spatial resolution com-
pared to traditional echocardiography, and there has been in-
creasing interest in its use in diastolic function assessment
[12].

The American Society of Echocardiography (ASE) classi-
fication of diastolic dysfunction based on Doppler echocardi-
ography is as follows: grade Ia (mild, impaired relaxation),
grade II (moderate, evidence of elevation of filling pressures),
and grades III and IV (severe, reversible, or fixed reduction in
compliance) [13].

Pathophysiology of Diastolic Dysfunction

Diastole, the phase where the left ventricle fills with blood, is
dependent on the interaction of numerous factors including
ventricular relaxation and ventricular stiffness. Simplified,

diastole can be thought of as the following components:
isovolumetric relaxation, rapid and slow filling, and atrial con-
traction [14]. The contribution of the atrial “kick” component
is highly dependent on left atrial pressures as well as ventric-
ular compliance. Diastolic dysfunction can consist of abnor-
mality in one or more of these diastolic components and is
characterized by abnormal relaxation with or without eleva-
tions in left atrial filling pressures. Diastolic dysfunction stems
from disorder of myocytes, extracellular matrix, and ventric-
ular vascular coupling.

Understanding how intracellular myocyte disorder affects
diastolic function contributes to potential treatment targets.
These include changes in titin or microtubules, calcium han-
dling and sensitivity, cardiomyocyte infiltration, and neuro-
hormonal as well as endothelial dysfunction [15–17]. Both
animal and human studies have found that in an inflammatory
and oxidative stress state, lack of nitric oxide synthase, titin
isoform shifts, and myosin binding protein C phosphorylation
contribute to diastolic dysfunction [18–21]. In the later stages
of diastolic dysfunction, concentric remodeling occurs, with
cardiomyocytes that become thicker and less compliant.

Extracellular matrix disorder also contributes to diastolic
dysfunction via changes in ventricular compliance. Excess
collagen leads to increased myocardial stiffness [22]. From a
cellular andmolecular perspective, extracellular matrix chang-
es may precede detection of gross hypertrophy and increased
wall thickness [23]. And, while there may initially be normal
left ventricular geometry at rest, abnormal left ventricular cav-
ity dimensions may be elicited with exercise [24].

Studies of HFpEF suggest that diastolic dysfunction also
stems from dysfunction of ventricular and vascular coupling.
Normally, the left ventricular stiffness is intricately coupled
with systemic resistance. However, with dysfunction in left
ventricular and arterial stiffness, the dynamic Starling mecha-
nisms that govern this relationship are impaired and ventricu-
lar stiffness increases disproportionately more than arterial
stiffness [25, 26].

In summary, diastolic physiology is dependent on ventric-
ular relaxation and compliance, and dysfunction occurs when
there is disorder of myocytes, extracellular matrix, and the
relationship between ventricular and vascular interaction.

Epidemiology of Preclinical Diastolic Dysfunction

Recent studies have focused on improving the epidemiologic
understanding of preclinical diastolic dysfunction (PDD), to
identify risk factors and associated comorbidities. In the gen-
eral adult population, through echocardiographical assessment
of diastolic function, the prevalence of mild PDD is approxi-
mately 21 %, and that of moderate to severe PDD is approx-
imately 7 % [5, 9].
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Advanced age was found to be associatedwith an increased
prevalence of PDD. In an analysis of 1038 subjects with mean
age of 76 years from the Framingham Heart Study, 36 % had
PDD [27]. Similarly, in a study of 2001 subjects between the
ages of 65 and 84 years from an Italian population, PDD was
found to have prevalence of 35 % [28].

The presence of cardiovascular comorbidities, including
hypertension, myocardial infarction, coronary artery disease,
diabetes, and obesity, led to increased prevalence of PDD.
Redfield et al. found that in the elderly with hypertension or
coronary artery disease, the prevalence of mild PDD increased
to 48% and of moderate to severe PDD increased to 17 % [5].
Similarly, Abhayaratna et al. identified hypertension, myocar-
dial infarction, coronary artery disease, obesity, and diabetes
as predictors of diastolic dysfunction development [9].

Hence, the epidemiological studies demonstrated that PDD
is prevalent in the general adult population and becomes even
more prevalent in the setting of advanced age and cardiovas-
cular comorbidities.

Natural History of Preclinical Diastolic Dysfunction

Those with PDDmay develop symptoms and thus progress to
symptomatic heart failure. Studies have demonstrated the 1-
year incidence of HF development as being approximately
2 % [7, 29]. By 3 years, the incidence of HF development
increases to 12 % [29].

There are two major factors associated with increased inci-
dence of heart failure development. First, worsening diastolic
dysfunction is associated with increased risk of HF develop-
ment. Second, the presence of comorbid conditions is also
predictive of HF development (Fig. 1). These findings have
important treatment implications.

The severity of diastolic dysfunction, based on diastolic
grade, was directly associated with the risk of progression to
symptomatic heart failure, as evidenced by the increased risk
of incident HF hospitalization and death associated with mod-
erate to severe left ventricular diastolic dysfunction [30]. Kane
et al. found that over a 6-year period, in those with normal
diastolic function, the incidence of progression to HF was
3 %. In those with mild diastolic dysfunction, the incidence
of progression from PDD to HF was 8 %. However, in those
with diastolic dysfunction that was moderate to severe, the
incidence of progression from PDD to HF was 12 % [7].

Cardiac comorbid conditions also drive progression of
PDD to symptomatic heart failure. Correa de Sa et al. found
that hypertension (hazard ratio 11) and peripheral vascular
disease (hazard ratio 7) were associated with increased HF
development [31]. Diabetes mellitus is also an important con-
dition associated with increased HF progression. From et al.
found that subjects with diabetes and diastolic dysfunction

had a 37 % risk of HF development over 5 years, compared
to 17 % in those with diabetes alone [32].

Systemic comorbidities such as renal, pulmonary, or hema-
tological impairment are associated with worsening diastolic
function and also lead to increased risk of heart failure devel-
opment [29]. Additionally, systemic comorbidities lead to de-
creased cardiopulmonary reserve and increase the likelihood
of development of symptomatic HF. Those with systemic co-
morbid conditions, namely, renal, pulmonary, or hematologi-
cal impairment, have an increased risk of progression from
PDD to HF of 10 % over a 4-year period [27].

Renal function has previously been extensively reported as
associated with heart failure progression. Impairment in renal
endocrine response and subsequent fluid overload play a vital
pathophysiological role in HF development [33]. Vogel et al.
found that renal dysfunction was independently associated
with HF development, and in those with GFR <60 mL/min/
1.73 m2 compared to those with normal renal function, there
was a hazard ratio of 2 for HF development [29].

Management of Preclinical Diastolic Dysfunction
and Preventing Heart Failure Development

The findings from the Natural History section reinforce that
the progression of diastolic dysfunction to symptomatic heart
failure is dependent on both severity of diastolic dysfunction
as well as associated comorbidities, and therefore, treatment
should focus both on preventing or reversing diastolic dys-
function and on treatment of important comorbid conditions
[27].

Targeting Diastolic Dysfunction

Based on the underlying pathophysiology of diastolic dys-
function, pharmacological options for treating diastolic dys-
function and preventing HF development focus on agents that
act on the myocyte, on the extracellular matrix with cardiac
remodeling, or on the ventricular vascular interaction.

Intracellular acting agents and extracellular matrix agents
that have been studied include drugs that modulate calcium,
nitric oxide, aldosterone, and natriuretic peptides. Ranolazine
has been studied for its intracellular calcium effects,
tetrahydrobiopterin for its nitric oxide effects, and tranilast
for its antifibrotic effects. Additional pharmacological agents
currently under investigation and that have shown promise
include ivabradine (reduces cardiac hypertrophy and fibrosis),
endothelial nitric oxide synthase activators, matrix metallo-
proteinase 9 inhibitors, alagebrium (reducing advanced
glycation end products), and anakinra (interleukin 1 receptor
an tagonis t ) [34] . In recent s tud ies , ranolaz ine ,
tetrahydrobiopterin, tranilast, and ivabradine have been shown
to improve diastolic dysfunction and/or reduce fibrosis
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[35–38]. However, further research is needed at this time to
evaluate if these medications not only improve diastolic func-
tion but also ultimately prevent heart failure development.

The Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist (TOPCAT) trial found that in
those with preserved ejection fraction, treatment with
spironolactone did not significantly reduce the cardiovascular
composite end point including death but did significantly re-
duce heart failure hospitalization, likely due to fibrosis and
hypertrophy reversal [39]. However, further information is
needed regarding their use in preventing HF development
[40].

Clarkson et al. demonstrated that in patients with HFpEF,
the infusion of B-type natriuretic peptide (BNP) resulted in
hemodynamic enhancement and beneficial neurohormonal ef-
fects in response to exercise [41]. The administration of BNP
for stable chronic heart failure has been investigated, given
BNP’s inhibitory effects on left ventricular fibrosis and
myocyte hypertrophy [42]. Acute BNP administration in sub-
jects with PDD also results in improvement in fluid balance
via renal natriuresis enhancement [33]. The use of chronic
BNP administration has been demonstrated to have improve-
ment in diastolic parameters and improvement in left ventric-
ular remodeling and may be a potential therapy for prevention
of heart failure development [43].

LCZ696, a combined angiotensin receptor and neprilysin
inhibitor, has received much attention in treatment of heart
failure with reduced ejection fraction, demonstrating reduc-
tion in death and HF hospitalization in this population when
compared to enalapril [44]. This compound is also being stud-
ied in those with HFpEF, and it was found that among those

who received LZC696 versus valsartan, they had greater re-
duction of NT-proBNP levels over 12 weeks [45]. Further
studies are needed to evaluate whether LCZ696 can not only
treat heart failure but also prevent development of heart
failure.

Given the ventricular vascular coupling pathophysiology
of diastolic dysfunction, the renin-angiotensin-aldosterone
pathway has been a prime focus for potential therapeutic tar-
gets. Angiotensin-converting enzyme inhibitors (ACEIs) have
been extensively studied in the setting of diastolic function,
and it has been demonstrated that left ventricular hypertrophy
may regress with ACEI treatment [46]. Additional human
studies have also suggested that combination therapy with
ACEI and diuretics further improves diastolic dysfunction,
which may reduce heart failure development risk, although
this remains to be further studied [47].

Beta blockers have also been of great interest in preventing
HF, and while outcome data regarding HFpEF development
remain poorly defined, there is evidence of improved diastolic
function with beta blocker use [48]. Phosphodiesterase-5
(PDE5) inhibition has been of great interest as in vitro and
animal studies have shown promise for use of this agent as a
treatment strategy for diastolic dysfunction. However, in a
large human trial (RELAX), PDE5 inhibition did not improve
clinical outcomes in HFpEF [49, 50].

Targeting Comorbid Conditions

The Screening to Prevent Heart Failure (STOP-HF) trial fo-
cused on strategies to reduce heart failure development and
found that using a BNP-based screening strategy, patients at

Fig. 1 Heart failure risk,
development, and progression
based on the American College of
Cardiology Foundation and
American Heart Association heart
failure staging (reprinted from the
Journal of the American College
of Cardiology, vol 63 no 5, Siu-
Hin Wan, Mark W. Vogel, and
Horng H. Chen, Pre-Clinical
Diastolic Dysfunction, 407–416,
Copyright (2014), with
permission from Elsevier)
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risk of development of ventricular dysfunction and heart fail-
ure were more likely to be identified [51]. The study included
over 1000 subjects from multiple outpatient practices in Ire-
land, which are over 40 years old with cardiovascular comor-
bidities including hypertension, hyperlipidemia, obesity, vas-
cular disease, diabetes, arrhythmias, or valvular disease.
Among those in the intervention group and found to be at
higher risk as defined by elevated BNP levels (>50 pg/mL),
greater use of renin-angiotensin-aldosterone agents led to re-
duction in development of diastolic dysfunction and incident
heart failure [51]. The STOP-HF suggests that targeting co-
morbidities among those at risk of heart failure development
may reduce the risk of worsening ventricular dysfunction and
symptomatic heart failure development.

Important cardiac and systemic comorbidities to target in-
clude hypertension, peripheral vascular disease, diabetes
mellitus, renal dysfunction, chronic obstructive disease
(COPD), coronary artery disease (CAD), anemia, and obesity.

Multiple agents have been studied for the treatment of hy-
pertension and CAD. Especially among those with hyperten-
sion, ACEI has been demonstrated in human studies to reduce
the risk of heart failure development [52]. Given the impor-
tance of targeting hypertension, diuretics and calcium channel
blockers have also been studied in addition to ACEI. In hy-
pertensive individuals, diuretics have been shown to prevent
heart failure development [53].

Those with diabetes mellitus may develop diabetic cardio-
myopathy via both intracellular and extracellular matrix
changes that result in structural and functional cardiac impair-
ment. Strict glycemic control and blood pressure control are
essential [54, 55]. The beneficial effects of ACEI and beta
blockers have also been extensively studied in the setting of
diabetes mellitus [56].

Renal dysfunction has been shown to portend a worse
prognosis among those with heart failure [57]. Similar to those
with diabetes, ACEI has been demonstrated to be a corner-
stone of renal dysfunction treatment and is important in reduc-
ing heart failure progression [58]. In renal dysfunction, given
reports of beneficial cardiovascular effects of vitamin D, this
agent has been studied as a potential therapeutic option for
reduction of diastolic dysfunction. However, the PRIMO ran-
domized trial failed to find structural and diastolic improve-
ments with chronic vitamin D therapy [59].

COPD and anemia treatment, given its pathophysiological
involvement in heart failure development, may also reduce
risk of incident HF. World Health Organization group III pul-
monary hypertension describes the association of lung disease
with pulmonary hypertension and subsequent development of
right-sided heart failure. Anemia has been linked with poor
outcomes among those with HF, and the study of iron defi-
ciency remains ongoing among those with heart failure
[60–62]. While there is a lack of studies directly looking at
treatment of these comorbidities in HF, the pathophysiological

implications suggest that guideline-directed treatment of these
conditions may reduce heart failure development.

Obesity has been associated with heart failure development
and highlights the importance of targeting this epidemic in the
general adult population [63]. In the heart failure population,
there has been a reported “obesity paradox,” in which higher
body mass indices (BMIs) were associated with decreased
mortality in heart failure. However, this may be from earlier
HF identification in those who are obese with more medical
care utilization and further highlights the importance of early
identification of PDD subjects in the population [64]. Exer-
cise, long term and in moderation, has been demonstrated to
improve functional capacity in those with chronic HF [65].

In summary, targeting the cardiovascular and systemic co-
morbidities of hypertension, coronary artery disease, diabetes
mellitus, renal dysfunction, COPD, anemia, and obesity is
essential in the prevention of heart failure development and
progression.

Conclusions and Further Research

Compared to HFrEF, there has been a relative paucity of
evidence-based treatment strategies for HFpEF. What is
known is that PDD is prevalent, and there is significant pro-
gression to symptomatic HF, especially among the high-risk
elderly population. Both diastolic dysfunction and comorbid
conditions contribute to heart failure development and pro-
gression. The underlying pathophysiology of diastolic dys-
function, based on intracellular matrix, extracellular matrix,
and ventricular vascular coupling, guides treatment targets to
reverse or halt worsening diastolic function. Further studies
are needed to better characterize preclinical diastolic dysfunc-
tion and to discover further targets for this entity to prevent
development of HFpEF. In addition, given heart failure as a
systemic condition, studies targeting relevant diastolic dys-
function comorbid conditions, such as diabetes and renal dys-
function, are important for preventing heart failure develop-
ment. In addition to clinical studies, further mechanistic stud-
ies are also necessary in preclinical diastolic dysfunction to
guide strategies for heart failure prevention.
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