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Abstract
Several hospital reports have established diastolic heart failure (DHF) accounts for up to a half of all hospitalized heart failure (HF) patients and a significant cause of 
morbidity, mortality and re-hospitalization. It is a cardiogeriatric syndrome in the setting of a predominant abnormality in diastolic function. By current projections, 
the prevalence of DHF will increase over the next several decades driven by an ageing population, an increase in comorbidities (hypertension, obesity and diabetes) 
and advancements in medical therapies for HF. Although leading cardiology societies have published criteria for the diagnosis and treatment of DHF, the syndrome 
lacks specific treatment guidelines and protocols. Furthermore, there is limited evidence-based support for the current treatment options based on therapies developed 
and validated for systolic heart failure (SHF), and as a result, their therapeutic efficacy on DHF patients remains unclear. The purpose of this review and meta-analysis 
is to provide a broad perspective on the clinical status of DHF with a focus on definition, etiology, pathophysiology, diagnosis and clinical management. 
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Introduction
Heart failure (HF) is the final common pathway of many 

cardiovascular risk factors and most forms of heart diseases, and the 
leading reason for hospitalization and mortality among older adults 
[1-6]. It is a syndrome characterized by cardiac inability to generate 
adequate output at rest or during exercise while operating at normal or 
elevated ventricular filling pressure [7]. Traditionally, HF was associated 
with impaired left ventricular (LV) systolic function (known as systolic 
heart failure [SHF]). However, 30% to 40% of all HF patients present 
with normal or slightly depressed LV ejection fraction (LVEF), known 
as diastolic heart failure (DHF). In these patients, diastolic dysfunction 
is the major contributor, if not the primary etiology of HF [8]. In contrast 
to SHF, for which knowledge of pathophysiology and therapy has 
rapidly advanced over the past three decades, research support for DHF 
is gradually accumulating but somewhat fragmented. The purpose of 
this review and meta-analysis of diagnosis and treatment is to combine 
available research findings on DHF to produce a comprehensive 
understanding of the current diagnosis and management strategies, 
and a commentary of emerging treatment strategies.

History, definition, epidemiology and prognosis
History

The dichotomy of systolic and diastolic dysfunction represents the 
original classification system of HF. In a recent editorial, Katz and Zile 
[8] reported the initial classification of HF appeared over eight decades 
ago by Fishberg [14], who stratified HF into diastolic and systolic 
dysfunction based on the inadequacy of diastolic filling and systolic 
ejection respectively. “…those forms of cardiac insufficiency which are 
due to inadequate diastolic filling of the heart (hypodiastolic failure) 
[and] the far more common ones in which the heart fills adequately but 
does not empty to the normal extent (hyposystolic failure)” [9]. Despite 
sharing similar clinical and hemodynamic features, the diastolic/systolic 

distinction persisted overtime because of the recognition that they 
differ in epidemiology, demographics, etiology and pathophysiology. In 
SHF, patients exhibit eccentric hypertrophy, progressive LV dilatation 
and abnormal LV systolic parameters whereas in DHF patients exhibit 
concentric hypertrophy, preserved or reduced LV volumes, concentric 
remodeling and abnormal diastolic function [10,11]. The size, shape 
and molecular composition also differ in the two HF phenotypes [8].

Definition
Diastolic dysfunction: Diastolic function refers to the sequence 

of inter-related events occurring during diastole (typically known 
as the process LV filling). It is the portion of cardiac cycle between 
the closure of aortic valve and the mitral valve. Two major processes 
regulating diastolic function are ventricular relaxation and cardiac 
chamber compliance [12]. Ventricular relaxation is a complex energy-
intensive process characterized by the deactivation of contractile 
elements and myofibril returning to their original length. In a healthy 
heart, ventricular relaxation commences with the closure of the aortic 
and pulmonary valves during mid-systole and continues throughout 
the first third of diastolic filling. Diastole may be further divided into 
isovolumetric relaxation phase and filling phase [13]. During the 
isovolumetric phase there is decoupling of myocardial contractile 
elements and falling of the intraventricular pressure with little increase 
in ventricular volume. Once ventricular pressure falls below left atrial 
(LA) pressure, the mitral and tricuspid valves open and ventricular 
filling begins. 
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Ventricular filling occurs in two phases: early rapid filling and 
late filling phase. In the early rapid filling phase, the pressure gradient 
between LA and the ventricles is high with rapid ventricular filling [12]. 
Under normal conditions, approximately 70% of ventricular filling 
occurs during the early rapid filling phase. As diastole progresses, 
ventricular pressure increases reducing the rate of ventricular filling 
(also known as the diastasis phase). In late diastole, there is terminal 
ventricular filling resulting from a sudden increase in LA pressure 
due to LA contraction /systole phase. When ventricular pressure 
rises above the atrial pressure, the mitral and tricuspid valve close 
completing diastole [12,13]. Diastolic dysfunction occurs when 
ventricular relaxation, early filling, diastasis, late filling, or LV and LA 
compliance is prolonged, slowed or incomplete [14]. Conditions such 
as myocardial ischemia or LV hypertrophy prolong active relaxation. 
In such circumstances, shortening of diastole due to tachycardia or the 
loss of atrial systole due to the development of atrial fibrillation could 
cause significant hemodynamic compromise in DHF patients [13].

Diastolic heart failure: Despite the long-established recognition, a 
strict definitional uniformity of DHF in both scholarly and practitioner 
literature has remained elusive. Overtime, definitions of HF based on 
pathologic mechanisms and/or symptoms have been wide-ranging and 
prone to misclassification (Table 1).

Although all these early definitions were accurate and described 
pathologic mechanisms or functional abnormalities, their applicability 
in clinical practice was problematic. Taken together, the early definitions 
indicated that DHF is a syndrome characterized by typical symptoms 
and signs of heart failure, a preserved ejection fraction (EF) and a 
predominant abnormal diastolic function. Other recent definitions 
have described DHF as heart failure with preserved systolic function 
or heart failure with normal or near normal ejection fraction [18-
20]. From a conceptual perspective, DHF develops when ventricular 
chamber is not able to accept adequate volume of blood during diastole 
at normal diastolic pressure and to maintain appropriate stroke volume. 
These abnormalities result from a delay in ventricular relaxation and/or 
increased ventricular stiffness, and produce symptoms that occur even 
at rest – New York Heart Association (NYHA) functional class I – or 
occur with normal physical activities – NYHA II [8] (Table 2).

Epidemiology

Patients with DHF comprise a large and important sub-population 
of HF patients. They frequently experiences delayed diagnosis and 
limited treatment options, usually based on therapies validated for SHF 

patients [18]. Since research interest on DHF is growing, knowledge 
of its precise epidemiology will provide insight into population 
characteristics that could potentially predispose individuals to DHF. 
The basis of the current assessment of the epidemiology of DHF are 
systematic review, population-based epidemiological studies and large 
international trials. 

Systematic reviews: Heart failure was identified as an emerging 
epidemic in 1997 reflecting increased incidence, increased survival 
leading to increased prevalence or both. Today, the epidemic of HF is 
changing, estimated to affect more than 23 million people [22] with 
a prevalence greater than 37.7 million people globally [23]. However, 
the precise prevalence rates of diastolic dysfunction and DHF based 
on adequate echocardiography assessment are lacking. A recent meta-
analysis of 28 studies from 25 different study populations finds the 
median prevalence of LV diastolic dysfunction in older adults (> 60 
years) is 36.0% (range 15.8% to 52.8%) and DHF is 4.9% (range = 3.8% 
to 7.4%). The prevalence of DHF has increased steadily and is now the 
dominant subset of HF relative to SHF, whose prevalence has had a 
marked decrease over the past decade because of marked improvements 
in medical and device therapies [24].

Epidemiological studies: Large-scale epidemiological studies on 
cardiovascular diseases also provide estimations of the prevalence 
of DHF. The Cardiovascular Health Study (CHS) was the first large 
epidemiology study (N = 4,842) to examine HF in older adults (mean 
age = 77±5 years), which established DHF is a cardiogeriatric syndrome 
whose prevalence increased with ageing, from 6.6% at age 65-69 years 
to 14% at > 85 years. Its prevalence shows a high gender discrepancy 
– more prevalent in women (67%) than in men (42%) [25,26], which 
support the findings of the Framingham Heart Study [27-30]. Recently, 
the Candesartan in Heart Failure-Assessment of Reduction in Mortality 
and Morbidity (CHARM) trial [31] supported the findings that DHF 
has a significant gender disparity, with disproportional higher rates in 
women. In addition, patients with DHF were more often hypertensive 
and older but less likely to have a history of myocardial infarction (MI). 
The Irbesartan in Heart Failure with Preserved EF (I-Preserve) trial also 
reported a pronounced DHF prevalence in women (60%), older adults 
and hypertensive patients [32].

International trial data: International trial data suggests DHF 
accounts for between 44% and 72% of all cases of HF [33]. Patients 
with DHF from the U.S. and Canada have the highest prevalence; those 
from Western Europe have intermediate rates; and those from Eastern 

Author, Year [Ref #] Definition
Lewis, 1933 [15]  A condition in which the heart fails to discharge its contents adequately.

Braunwald, 1980 [16] A pathophysiological state in which abnormality of cardiac function is responsible for the failure of the heart to pump blood at the rate commensurate with 
requirements of the metabolizing tissues.

Brutsaert et al. 1993 [17] A condition resulting from increased resistance to filling of one or both ventricles leading to symptoms of congestion due to inappropriate upward shift of 
the diastolic pressure-volume relation.

Zile & Brutsaert, 2002 [14] A condition in which the ventricular chamber is unable to accept adequate volume of blood during diastole at normal diastolic pressures and at volumes 
sufficient to maintain an appropriate stroke volume.

Katz & Zile, 2006 [8] A clinical syndrome in which patients with heart failure have little or no ventricular dilatation and significant, often dominant diastolic dysfunction.

Table 1. Definitions of diastolic heart failure overtime

Class Description
I No limitation: ordinary physical activities does not cause fatigue, dyspnea or palpitation.
II Slight limitation of physical activity: comfortable at rest. Ordinary physical activity may cause fatigue, dyspnea, palpitation or angina. 
III Marked limitation of physical activity: patients may be comfortable at rest but less than ordinary activity will lead to symptoms
IV Inability to carry out any physical activity without discomfort: symptoms of heart failure are present even at rest and physical activity increases discomfort.

Adapted from the Criteria Committee of the New York Heart Association [21]

Table 2. New york heart association functional classification of heart failure
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Europe and Russia have the lowest rates [34]. However, prevalence of 
DHF in middle- and low-income countries is not well-defined [35]. In 
Olmsted County cohort, the proportion of DHF relative to the incident 
cases of HF rose from 38% in 1986 to 48% in 2000 and to 57% in 
2010 [36,37]. The American Heart Association (AHA) Get With The 
Guidelines (GWTG) reported the proportion of DHF hospitalized 
patients increased from 33% in 2005 to 39% in 2010 [38], with higher 
readmission rates but lower HF-related deaths compared to SHF [39]. 
Holistically, the current epidemiologic evidence suggests the prevalence 
and incidence of DHF is rising relative to SHF, and with a higher 
prevalence among older adults, women and hypertensive patients. 

Prognosis 

Mortality and hospitalization: Patients with DHF have a more 
favorable prognosis compared to those with SHF. Community samples 
indicate HF-related morality rates of DHF ranges between 4% and 8% 
compared to SHF ranging between 10% and 15% [25,40]. However, 
DHF mortality rates are four to five times higher relative to adults 
with preserved diastolic function, demonstrating the serious clinical 
implications of DHF [40]. Young age (< 65 years) have favorable short-
term survival and re-hospitalization rates compared to SHF patients 
but the rates are similar for patients ≥ 75 years [41-44]. Older adults 
with DHF are less likely to receive optimal benefits with conventional 
HF medication – beta-blockers and angiotensin converting enzyme 
(ACE)-Inhibitors [25,45].

Predictors of poor prognosis: Diastolic heart failure (DHF) is a 
more cardiogeriatric syndrome compared to SHF and thus older age 
is an important independent predictor of poor prognosis [46-49]. 
Mortality rates of older adults with DHF is comparable to that of SHF 
patients [41-44]. Other significant predictors of poor prognosis in DHF 
patients are comorbidities particularly hypertension, diabetes and 
obesity, all known to cause or exacerbate DHF [23,46]. Hypertension 
is the most prevalent co-morbidity burden among DHF patients. In the 
Olmsted County cohort, 89.3% of DHF patients were hypertensive [35]. 
The lifetime risk for hypertensive DHF patients with blood pressure 
> 160/90 mmHg is twice that of DHF patients with blood pressure < 
140/90 mmHg [50]. Other less significant predictors of poor prognosis 
are the presence of systolic dysfunction, peripheral vascular disease, a 
history of cancer, renal dysfunction and anemia [51]. The presence of 
DHF in the early stages of acute MI also significantly increases the risk 
of death [4,14,44]. Race (African Americans) and low socio-economic 
status mays also predict poor prognosis [52]. However, additional 
research evidence is warranted to determine the influence of health care 
access among medically under-served populations with poor control of 
hypertension, diabetes and higher rates of obesity to isolate the role of 
race and socio-economic disparities on DHF prognosis.

Etiology and pathophysiology
Etiology

The high prevalence of comorbidities in DHF patients compared to 
SHF strongly suggest their involvement in the onset of DHF. The main 
clinical disorders (or comorbidities) that are suspected to contribute to 
the onset or progressive development of DHF are hypertension, obesity 
and diabetes. Other less common disorders include hypertrophic 
cardiomyopathy (HCM), valvular heart disease and coronary artery 
disease (CAD) [7,53].

Hypertension: Increasing evidence strongly suggests hypertension 
plays a central role in the development of diastolic dysfunction. Findings 
from animal models support findings that diastolic dysfunction is 

very common in hypertensive patients because of increased afterload 
(pressure overload) [49]. Epidemiological studies have also consistently 
reported that hypertension increases the risk for developing DHF 
up to three times compared with normotensive patients [28,55]. In 
the Framingham Heart Study, hypertension preceded DHF in 91% 
of the patients [56]. In trials based on Doppler echocardiography, 
up to 20% of patients with borderline or mild hypertension had 
impaired diastolic filling, suggesting the prognostic significance of 
echocardiography screening to determine and prevent the progression 
of diastolic dysfunction to DHF in at-risk hypertensive patients [57-
59]. Hypertension increases the risk of DHF by increasing LV afterload 
leading to delayed isovolumic relaxation time, elevated filling pressures 
and reduced end-diastolic volume [1,14,5760,61]. These pathologic 
changes contribute to abnormal stretching of cardiomyocyte, activation 
of the sympathetic nervous system and progressive secretion of 
neurohormonal and cytokines [62], which lead to cardiomyocyte 
apoptosis, ventricular remodeling in turn increasing LV mass leading 
to further loss of myocardial compliance [63].

Obesity: Obesity, defined as body mass index > 30 kg/m2, is a 
growing epidemic and may play an important role in the development 
of diastolic dysfunction in obese individuals [64]. Echocardiography 
evidence in 4,281 patients with < 50% coronary stenosis associated 
obesity with greater LV mass, LV wall thickness, and LV end-diastolic 
diameter [65]. Obesity has also been reported as a contributing factor 
for ventricular remodeling, impaired LV relaxation and elevated LV 
filling pressures, which lead to diastolic dysfunction and ultimately the 
development of DHF [49]. Gender differences in obese patients may 
also contribute to the development of DHF since overweight and obese 
women have a higher prevalence of DHF compared to overweight and 
obese men [66].

Diabetes: Diabetic patients are two to five-fold more likely to have 
DHF compared to non-diabetic patients [67,68]. Diastolic dysfunction 
has been frequently identified as the initial sign in patients with diabetic 
cardiomyopathy [69]. Zabalgoitia et al. [69] investigated 86 young 
(mean age 43 years), normotensive diabetic patients and found 40% 
had diastolic dysfunction, 26% had impaired ventricular relaxation 
and 17% pseudo-normalization on tissue Doppler echocardiography 
[70]. The Strong Heart Study (SHS) [71] involving 2,411 Native 
Americans found impaired ventricular relaxation was common in 
diabetic patients. Moreover, patients with co-occurring diabetes and 
hypertension showed greater abnormalities in LV relaxation compared 
to patients with diabetic alone [71]. In diabetic patients, poor glycemic 
control and elevated levels of hemoglobin A1c (HbA1c) was associated 
with impaired LV relaxation and increased risk of DHF. For every 1% 
increase in HbA1c, the risk of DHF increases by 8% [72]. The Strong 
Heart Study (SHS) [71] also reported a direct correlation between 
increased urinary albumin excretion and LV diastolic dysfunction. The 
study associated diabetic-related pathologic alterations in myocardial 
glucose and increased fatty acid oxidation with structural alterations 
of the myocardium, cardiomyocyte hypertrophy, excessive collagen 
deposition, interstitial fibrosis and intra-myocardial micro-angiopathy 
(micro vascular disease), all of which independently contribute to the 
development of diastolic dysfunction and ultimately DHF [71]. Since 
diabetes is a significant risk factor in the development of DHF, its 
management should be incorporated in therapeutic interventions of 
DHF. 

Comorbidities: Diastolic HF is a cardiogeriatric syndrome – has 
a very high prevalence in older adults. As a result, age-related and 
pathologic changes are more likely to contribute to the development 
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or exacerbation of the syndrome [46-49]. Significant age-related 
hemodynamic changes include a decline in the maximal heart rate, 
cardiac output, and maximal oxygen consumption. Although stroke 
volume may remain unchanged or decrease slightly, systemic vascular 
resistance increases leading to increased blood pressure and afterload 
[6,14,40,73]. Ageing is also associated with greater LV stiffness, reduced 
LV compliance, increased LV wall thickness, decreased myocardial 
vascular responsiveness to beta-adrenergic stimulation and lower 
mitochondrial response to high demand for adenosine triphosphate 
production (ATP) [73]. Due to older age in many DHF patients, the 
presence of multiple comorbidities may lead to or aggravate DHF. In a 
study of U.S. Medicare beneficiaries, hospitalized HF patients frequently 
presented with at least six comorbidities [74,75]. Polypharmacy (the 
concurrent use of multiple medication by a patient) is common in older 
adults with DHF and drug-to-drug reactions may present potential 
injurious consequences exacerbating the progress of DHF. Poor renal 
function is also associated with poor prognosis and outcomes in older 
adults with DHF [49].

Pathophysiology

Whereas diastolic LV dysfunction has long been recognized as the 
principle contributor to DHF, recent evidence suggests that increased 
myocardial stiffness due to hypertrophy and myocardial infarction, and 
abnormal (delayed) relaxation (due to ischemia and pressure overload) 
contribute to DHF pathophysiology (Figure 1).

Myocardial stiffness: Stiffness of the extracellular matrix (ECM) and 
cardiomyocytes are the two key components involved in the regulation 
of myocardial stiffness [54]. The stiffness of the ECM primarily depends 
on the total amount of collagen, the abundance of Collagen Type 1 or 
the degree of collagen cross-linking [76]. In DHF patients, all the three 
mechanisms are involved. The key causes of excessive deposition of 
collagen type 1 are an imbalance between its synthesis and degradation. 
Exaggerated synthesis and/or depressed degradation of Collagen 

Type 1 leads to its abundance and consequent excessive deposition in 
myocardial tissues. Patients with DHF and hypertension [77] or aortic 
stenosis [78] have been shown to have decreased ECM degradation 
caused by the downregulation of matrix metalloproteinases (MMPs) 
and upregulation of tissue inhibitors of MMPs (TIMPs). Based on 
these findings, there are proposals that serum levels of TIMPs are 
potential biomarkers for the development of DHF in patients with 
arterial hypertension [79]. On the other hand, patients with dilated 
cardiomyopathy (DCM) have increased ECM degradation due to the 
upregulation of MMPs [80]. The distinct expression profiles of MMPs 
and TIMPs have been shown to correspond with unequal patterns of 
collagen deposition on the myocardial tissues with interstitial fibrosis 
in DHF patients, and both replacement and interstitial fibrosis in DCM 
patients [81].

In addition to ECM, cardiomyocyte stiffness contributes to 
myocardial stiffness and leads to the development of diastolic 
dysfunction in DHF patients. The contribution of cardiomyocyte has 
been supported by endomyocardial biopsies of the LV revealing a third 
of DHF patients have normal collagen volume fraction but with LV end-
diastolic pressure, systolic wall stress and stiffness modulus comparable 
to DHF patients with raise collagen volume fraction [83]. Several other 
studies have supported the role of cardiomyocyte stiffness by reporting 
greater intrinsic cardiomyocyte stiffness in DHF patients [81,83,84] as 
well as in patients with LV hypertrophy due to congenital heart disease 
[85]. Increased cardiomyocyte stiffness had also been linked to titin (a 
cytoskeletal protein) expressed in two main isoforms – a stiffer N2B 
and a more compliant N2BA [86]. Earlier research demonstrated that 
the N2B:N2BA titin isoform ratio is elevated in remodeled explanted 
hearts from DCM patients compared to donor hearts [87-89]. Whereas 
variation in titin isoform expression may contribute to changes in 
myocardial passive stiffness, increased passive stiffness in an impaired 
myocardium could also result from alterations in phosphorylation state 
of titin [90,91]. 

Figure 1. Pathophysiology of diastolic heart failure [7]
Impaired relaxation and increased stiffness contribute to diastolic filling abnormalities and normal exercise tolerance in the early stages of DHF. Progression of DHF increases pulmonary 
pressure during exertion with reduced exercise tolerance. Further increases in filling pressure increases left atrial pressure and size and further decrease in exercise tolerance with 
manifestations of clinical signs of HF. Adapted from Mandinov et al. p. 822 [7]
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Delayed relaxation: A large proportion of patients with DHF are 
hypertensive. Ischemia and/or hypertension may cause systemic 
vascular dysfunction leading to pressure overload in turn resulting 
in concentric LV hypertrophy, fibrotic remodeling and slowed LV 
relaxation [7,54]. Both invasive and non-invasive LV assessment reveal 
DHF patients have a more impaired LV relaxation and diastolic stiffness 
relative to healthy or hypertensive controls [92-95]. In addition to 
pressure overload, cross-bridge detachment may contribute to delayed 
isovolumic relaxation time, which is a major pathologic mechanism 
of DHF. Delayed LV relaxation leads to decreased LV stroke volume 
particularly at higher heart rates compared to normal hearts, which 
accelerates LV relaxation [54]. Furthermore, LV relaxation depends on 
cross-bridge detachment and sarcoplasmic reticular calcium ion re-
uptake [96] and nitric oxide signaling, which facilitates cross-bridge 
detachment [97]. The process of cross-bridge detachment is energy 
consuming, which could cause myocardial energy deficit contributing 
to slow LV myocardial relaxation. Recent studies based on myocardial 
phosphorous magnetic resonance spectroscopy revealed decreased 
myocardial creatinine phosphate/adenosine triphosphate ratio in DHF 
patients compared to normal controls suggesting reduced myocardial 
energy reserve [98,99]. Prolonged delayed relaxation may lead to 
abnormal early filling, increased intolerance to normal exercise and 
ultimately the development of diastolic abnormalities [12,13].

The combined effect of LV myocardial stiffness and delayed 
relaxation causes an elevation of LV filling pressures, elevated 
pulmonary pressure during exercise, reduced exercise tolerance and 
finally diastolic dysfunction. Myocardial stiffness and abnormal 
relaxation may also cause diastolic dysfunction and heart failure, 
through the elevation of left atrial (LA) pressure and size. Chronic high 
arterial hypertension (increased atrial pressure) may cause structural 
and electric remodeling leading to the development of atrial fibrillation, 
decreased cardiac output, reduced exercise tolerance and typical signs 
of HF ultimately leading to DHF [7].

Clinical presentation and evaluation
Clinical presentation

Clinical signs and symptoms that DHF patients frequently present 
with include exertional dyspnea, fatigue, orthopnea, paroxysmal 
nocturnal dyspnea, peripheral edema, and exercise intolerance. In 
addition, DHF patients may also exhibit pulmonary congestion 
and abdominal bloating largely due to hepatic congestion. Since a 
large proportion of DHF patients are older adults, it is important to 
consider atypical symptoms including lethargy, malaise, confusion, 
irritability and decreased exercise tolerance [40,100,101,102]. Even 
with preserved LVEF, DHF patients frequently experience significantly 
reduced exercise tolerance suggesting little correlation between LVEF 
and exertional intolerance [103-105]. Many factors could explain 
reduced exercise intolerance in DHF patients. Specifically, reduced 
lung compliance resulting from increased LV diastolic and pulmonary 
venous pressure often results in dyspnea, lower stroke volume and 
cardiac output despite preserved LVEF. Despite preserved LVEF, DHF 
patients exhibit decreased stroke volume and cardiac output. Finally, 
because many DHF patients are older and in many cases sedentary, 
physical deconditioning is common, which may increase peripheral 
musculoskeletal alterations leading to increased symptom severity and 
decline in functional status [54]. 

Clinical evaluation

The call for developing standardized criteria for the diagnosis of 
DHF begun in 2000. By then, many proposals of clinical evaluation 

of DHF relied on three key factors (a) a hierarchical determination of 
definitive evidence of congestive heart failure; (b) objective evidence 
of normal systolic function in proximity to the congestive heart 
failure event; and (c) objective evidence of LV diastolic dysfunction 
[106]. Overtime, with addition of new evidence on DHF that subtle 
abnormalities in systolic function maybe present in some DHF 
patients, parameters for the diagnosis of DHF evolved. As a result, the 
latest European Society of Cardiology (ESC) [20] and the American 
College of Cardiology Foundation/American Heart Association 
(ACCF/AHA) Task Force [107] on practice guidelines termed DHF 
as HF with preserved EF. The recommended diagnosis of DHF is thus 
largely achieved by the exclusion of other cardiac conditions presenting 
with similar clinical signs and symptoms. Both the ESC and ACCF/
AHA guidelines recommend that clinical evaluation should fulfill the 
following three obligatory conditions to exclude other probable cardiac 
causes and confirm the diagnosis of DHF:

The presence of signs and symptoms of heart failure;

The presence of normal or mildly abnormal LV systolic function; 
and 

Demonstrable evidence of structural heart disease or diastolic LV 
dysfunction. 

Figure 2 is a schematic illustration of diagnostic workout of DHF 
showing the initial assessment (clinical history, physical examination 
and electrocardiogram) to determine the probability of HF, assessment 
of the levels of serum natriuretic peptides to exclude diagnosis of DHF, 
and echocardiography to assess cardiac structure and function to 
confirm diagnosis of DHF.

Presence of signs and symptoms: The 2016 ESC heart failure 
guidelines recommend that in non-acute clinical settings, the first 
step in the diagnosis of DHF is to assess the probability of HF in 
suspected patients based on the determination of known clinical signs 
and symptoms of HF. In addition, symptoms are important prognostic 
predictors because the persistence of symptoms despite optimal 
treatment may suggest the need for additional therapy and worsening 
of symptoms may suggest the need for immediate medical attention 
[20,107]. Initial evaluation of DHF should include the assessment 
of detailed clinical history, physical examination and laboratory 
assessment. Obtaining and assessing clinical history of patient 
suspected with DHF is highly recommended to identify known HF risk 
factors such as a history of CAD, MI or revascularization, history of 
arterial hypertension, previous or current exposure to cardiotoxic drug 
or radiation and the use of diuretics. Patients with no relevant medical 
history such as a potential cause of cardiac injury are unusual to develop 
HF whereas those with a history of MI in the presence of appropriate 
signs and symptoms have a higher likelihood of HF [108-111]. 

Physical examination and laboratory tests are recommended to 
identify typical HF signs and symptoms. Specific signs of HF to look 
for include elevated jugular venous pressure, hepatojugular reflux, 
third heart sound, and laterally displaced apical pulse while typical 
symptoms include breathlessness, orthopnea paroxysmal nocturnal 
dyspnea, reduced exercise tolerance, fatigue, and lower-extremity 
edema [20]. Careful consideration of obese, older adults and patients 
with chronic lung disease is required because they may present with 
atypical symptoms [112-114]. Younger HF patients may also have a 
different etiology, clinical presentation and outcome compared to older 
adults [115,116]. The goal of physical examination is to identify HF 
signs such as pulmonary rales, bilateral lower-extremities edema, heart 
murmur, jugular venous dilatation and laterally displaced or broadened 
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apical beat. In addition, abnormal echocardiography (ECG) findings 
increase the likelihood of diagnosis (or rule out diagnosis) and provide 
information on etiology such as MI and indications for therapy such 
as anticoagulation for atrial fibrillation (AF), pacing for bradycardia, 
and cardiac resynchronization therapy (CRT) for the case of broadened 
QRS complex [117,120].

If at least one of the initial tests (clinical history, physical 
examination or ECG) is abnormal, there is a likelihood for HF and 
the ESC recommends the assessment of serum natriuretic peptides 
(NPs). However, if all initial test results are normal, there is a very low 
likelihood of HF [20]. Although measurement of serum NPs is not 
routinely done in clinical practice, it is highly recommended in non-
acute clinical settings where echocardiography is not immediately 
available. Elevated serum concentration of NPs establishes an initial 
working diagnosis and assists in the selection of patients for cardiac 
examination. Patients with serum concentration below cut-off values 
strongly suggest the absence of cardiac dysfunction. Cut of values 
for B-type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-
proBNP) are 35 pg/mL and ≥ 125 pg/mL and in acute settings are > 
100 pg/mL and > 300 pg/mL respectively [20]. Serum NPs have a high 
negative predictive values (95% to 98%) but lower positive predictive 

values (66% to 67%) suggesting their value in excluding DHF rather 
than establishing diagnosis of DHF [121-126]. However, clinicians 
should consider the presence of cardiac and extra cardiac conditions 
that may cause an elevation of serum NPs such as AF, older age and 
renal failure and weaken diagnostic utility of NPs in DHF [127]. Lower 
serum NPs values in obese patients should also be considered because 
they have been associated with disproportionally low levels of NPs [20].

Assessment of systolic/diastolic function: The ESC [20] and ACCF/
AHA [107] guidelines recommend cardiac examination for patients 
with a suggestive clinical history, abnormal physical examination 
findings or abnormal ECG findings, as well as patients with serum 
levels above the cut-off points. Cardiac imaging plays a central 
role in the diagnosis of DHF and guiding treatment by providing 
objective evidence of normal or mildly reduced systolic function 
and a predominant diastolic dysfunction to confirm DHF diagnosis. 
Echocardiography remains the most widespread imaging method in 
clinical practice for cardiac assessment in patients suspected with DHF 
because it is accurate, available, safe and inexpensive [128-130]. Values 
of normal systolic function (LVEF > 40%), evidence of structural heart 
disease (left atrial volume index > 34 mL/m2 LV mass index ≥ 115g/
m2 for males and ≥ 95 g/m2 for females) and evidence of functional 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
Figure 2. General diagnosis criteria for heart failure

Diagnosis of DHF begins with the assessment of the probability of HF by evaluating clinical history for risk factors (such as a history of precipitating cardiac conditions), presenting 
symptoms and physical examination and resting electrocardiogram. If all findings are normal, DHF is unlikely. If at least one outcome is abnormal, the concentration of serum natriuretic 
peptides should be assessed to identify patients for cardiac examination using echocardiography (those having levels above the cut-off points). Evidence of normal or mild systolic function 
and diastolic dysfunction on echocardiography confirms the diagnosis of DHF. Adapted from the 2016 ESC Guidelines on Heart Failure, p. 2141 [20]
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alterations E/e’ ≥ 13 and mean e’ septal and lateral wall < 9 cm/s on 
echocardiography confirms DHF diagnosis. However, caution should 
be observed when diagnosing DHF in patients with AF. In AF patients, 
concentration of serum NPs is elevated and thus, diagnosis based on 
concentration of serum NPs requires stratification using sinus rhythm 
with a higher cut-off for AF patients. Higher levels of left atrial volume 
index (LAVI) are also observed in DHF patients and functional 
parameters of diastolic dysfunction in AF are not well established. 
The presence of AF might indicated DHF since patients with AF and 
DHF often have similar characteristics or more advanced HF compared 
with DHF patients in normal sinus rhythm [20].  If echocardiographic 
results are inconclusive or non-diagnostic, cardiac magnetic resonance 
is the best alternative cardiac imaging modality especially useful in 
patients with complex congenital heart disease [20].

Meta-analysis of diagnostic accuracy of tissue doppler index 
E/e’ 

The hallmark of DHF diagnosis is the presence of normal LV systolic 
function and a predominant diastolic dysfunction. While objective 
evidence of LV systolic function is well established (as documented by 
LVEF > 40% on echocardiography), quantification of diastolic function 
in DHF patients is not well defined. The most common parameters used 
to measure LV diastolic function are invasively determined LV end-
diastolic pressure (LVEDP) and pulmonary capillary wedge pressure 
(PCWP) [18,20,106]. However, echocardiography is the mainstay 
of non-invasive diastolic assessment in DHF patients but utilizes 
surrogate markers to measure LVEDP [19,131]. Myocardial stiffness 
and delayed ventricular relaxation are the key pathophysiologic 
mechanisms of DHF contributing to elevated LV filing pressure (LVFP) 
indirectly assessed by tissue Doppler Imaging (TDI) [131]. Early mitral 
annular velocity (e’) quantified by TDI is a surrogate marker of LV 
myocardial relaxation (e’ < 8 to 10 cm/s), which is derived from the 
location of lateral or septal annulus or mean of lateral and septal and 
used to indicate impaired myocardia relaxation [119,131]. Early mitral 
annular velocity (e’) together with mitral peak early filling velocity 
(E), the E/e’ ratio provides a surrogate estimation of LVFP. Both the 
ESC and AHA recommend the use of E/e’ in the diagnosis of diastolic 
dysfunction and DHF [20,107]. Values of E/e’ lateral > 12 E/e’ ≥ 13 
indicates elevated LVFP while E/e’ < 8 indicates normal LVFP [20,131]. 
Intermediate values of (> 8 E/e’ < 13) suggest the need for additional 
echocardiographic tests to determine diastolic dysfunction. Although 
clinical research extensively uses mean E/e’ as a surrogate non-invasive 

maker for LVEDP, its diagnostic accuracy has not received inconsistent 
findings [132-134]. This meta-analysis therefore seeks to combine 
available research evidence to determine the diagnostic accuracy of E/e’ 
in quantifying diastolic dysfunction. 

Search strategy and inclusion criteria: The search for primary studies 
using echocardiography to evaluate LVFP and diastolic dysfunction in 
DHF patients was done on online databases PubMed, EMBASE and 
Scopus. The search used various combinations of the following key search 
words: diastolic dysfunction, diastolic heart failure, echocardiography, 
normal left ventricular ejection fraction, and left ventricular filling 
pressure. The inclusion criteria for studies were: (a) recruited patients 
with suspected with DHF with normal or mildly reduced LEVF; (b) 
assessed patients using echocardiography for diastolic dysfunction; 
and (c)  provided data on LVFP assessment using E/e’. There was no 
restriction on publication year and language. However, studies were 
excluded if they had only abstracts, were conference papers or did not 
provide adequate data for extraction. Additional studies were obtained 
from screening citations of the included studies and review articles. 
Two reviewers independently screened all qualifying studies against the 
inclusion criteria as well as abstracted data from the included studies. 
Any disagreements encountered during screening or data abstraction 
was resolved by consensus. The abstracted data included: (Table 3).

Study characteristics and outcomes: Combined online search and 
citation screening yielded 2,212 unique citations. After elimination 
based on title and abstract screening, 134 studies were subjected to 
full text screening against the inclusion criteria. Ultimately, 14 studies 
were included in this meta-analysis [143-156]. The 14 studies had a 
combined patient population of 973 patients with DHF and LV ejection 
fraction (> 40%). The recruited patients were older (mean age = 62 
years; range (53-71) with an equal gender representation (women = 
51%). Pooled correlation data of 12 studies [143-147,149,150,152-156] 
show a modest positive correlation between invasively assessed left 
ventricular end-diastolic pressures (LVEDP) and Tissue Doppler E/e’ 
values (r = 0.518; 95% CI, 0.467 to 0.565) (Table 4, Figure 3).

Discussion of Outcomes
Diagnosis of DHF relies on the determination of typical symptoms 

and signs of HF accompanied by objective evidence of structural and/
or functional cardiac abnormalities including elevated levels of serum 
natriuretic peptides (mainly BNP) and abnormal echocardiographic 
findings [20,106,107]. Definitive diagnosis of DHF also requires 

1st Author Year Sample Mean Age Women % LVEF Mean E/e’ E/e’ (r) p-value
Ommen et al. [143] 2000 64 63(12) 39 53(5) NR 0.45 0.640

Dokainish et al. [144] 2004 19 57(13) 47 64(2) 13(1) 0.69 0.001
Hadano, et al. [145] 2005 65 66(9) 37 60(6) NR 0.41 0.001
Kasner et al. [146] 2007 43 54(43-60) 56 64(58-74) 12(8) 0.71 0.001
Wang et al. [147] 2007 50 59(16) 28 41(22) 15(9) 0.68 0.010
Dini et al. [148] 2010 55 71(12) 58 61(6) 10(4) NR NR

Dokainish et al. [149] 2010 122 55(9) 55 61(6) NR 0.68 0.001
Kasner et al. [150] 2010 21 51(43-60) 52 64(60-70) 13(9-16) 0.57 0.001
Penicka et al. [151] 2010 20 67(9) 75 62(4) 11(4) NR NR
Hsiao et al. [152] 2011 75 70(11) 83 49(11) 14(7) 0.584 0.0001

Previtali et al. [153] 2011 100 63(11) 81 48(16) 12(4) 0.12 0.230
Poorrafsanjani et al. [154] 2014 110 NR 34 NR NR 0.4 0.005

Cameli et al. [155] 2016 20 73(10) 25 58(2) 8(7) 0.72 0.0001
Andersen et al. [156] 2017 209 59(12) 39 47(21) 14(8) 0.52 0.0001

Table 3. Summary of correlation of tissue doppler E/e’ with LV end-diastolic pressure

E/e’: The ratio of mitral velocity to early diastolic velocity of the mitral annulus
Invasive by cardiac catheterization
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objective evidence of normal or mildly reduced LV ejection fraction 
(LVEF > 40%) and evidence of a predominant diastolic dysfunction 
[20]. Invasive measurement of LVEDP by cardiac catheterization is 
considered the gold standard for diagnosis of DHF but is not feasible 
in routine clinical practice [106,107]. The utility of tissue Doppler 
imaging (TDI) index E/e’ in clinical and multi-disciplinary research is 
increasing for the estimation of LV filling pressure (LVFP) and diastolic 
dysfunction. Both the 2016 ESC and the 2013 ACCF/AHA guidelines 
recommend TDI E/e’ ≥ 13 as one of the key markers of diastolic 
dysfunction. However, the use of TDI E/e’ to estimate LVFP in patient 
cohorts with DHF lacks adequate evidence for use in routine clinical 
practice. Existing evidence is fragmented and inconclusive because 
of multiplicity of study designs. The present meta-analysis combined 
correlation findings reported in studies between LVEDP by cardiac 
catheterization and TDI index E/e’ to determine the overall correlation 
and accuracy of TDI E/e’ in the assessment of diastolic function in DHF 
patients with normal systolic function (LVEF > 50%).

The present meta-analysis finds a modest but significant 
correlation between LVEDP and E/e’ measured by TDI. This finding 
shows echocardiography assessment of LVFP is accurate and feasible, 
and supports the increasing use of E/e’ as a non-invasive surrogate 
marker in clinical research [132,133,134,157-158]. Individual studies 
also report the accuracy of E/e’ assessment of LVFP in DHF patients: 
74% [148] and 87% [156]. However, Penicka et al. [151] reported 
that mean E/e’ ≥ 13 (the ESC recommended cut-off of diagnosing 
increased LVFP) accounted for only 30% in HF patients with normal 
ejection fraction. In addition, the study reports about 20 to 40% of 
DHF patients are in the non-diagnostic borderline (8 > E/e’ ≥ 13). The 
existence of poor diagnostic accuracy of E/e’ (8 to 15 cm/s) suggests the 
need of additional echocardiography tests to confirm the diagnosis of 
diastolic dysfunction in DHF patients. A recent meta-analysis on E/e’ 
diagnostic accuracy in assessing LVFP and diastolic dysfunction found 
poor correlation with LVFP. However, a significant proportion of the 
patients were in the borderline mean E/e’ with poor sensitivity (37%) 

Study Sample size Correlation coefficient 95% CI P-value
Weight (%)

Fixed Random
Ommen et al. [143] 64 0.450 0.230 to 0.627   7.08 8.90

Dokainish et al. [144] 19 0.690 0.343 to 0.871   1.86 4.97
Hadano, et al. [145] 65 0.410 0.185 to 0.594   7.19 8.94
Kasner et al. [146] 43 0.710 0.521 to 0.833   4.64 7.76
Wang et al. [147] 50 0.680 0.495 to 0.806   5.45 8.21

Dokainish et al. [149] 122 0.680 0.571 to 0.765   13.81 10.31
Kasner et al. [150] 21 0.570 0.183 to 0.804   2.09 5.33
Hsiao et al. [152] 75 0.584 0.412 to 0.716   8.35 9.30

Previtali et al. [153] 100 0.120 -0.0783 to 0.309   11.25 9.93
Poorrafsanjani et al. [154] 110 0.400 0.230 to 0.546   12.41 10.12

Cameli et al. [155] 20 0.720 0.407 to 0.882   1.97 5.15
Andersen et al. [156] 209 0.520 0.413 to 0.612   23.90 11.09
Total (fixed effects) 898 0.518 0.467 to 0.565 <0.001 100.00 100.00

Total (random effects) 898 0.543 0.436 to 0.635 <0.001 100.00 100.00

Table 4. Pooled correlation coefficient for LVEDP and doppler E/e’

Figure 3. Forest plot showing correlation between LVEDP and tissue doppler E/e’
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and high specificity (36%) [159]. Whereas the present analysis included 
a majority of patient with normal systolic function (LVEF > 50%) and 
demonstrated the feasibility of TDI index E/e’ in the measurement 
of LVFP, its borderline values of 8 to 15 may significantly affect the 
accuracy of diagnosis, and in these cohort of patients, additional 
echocardiography tests should be done to confirm diagnosis.

Clinical management
Status of clinical management: Clinical management of DHF lacks 

specific treatment guidelines and protocols. However, as new data and 
analyses on DHF etiology and pathophysiology become available, it 
might be possible to develop specific treatment for DHF in the near 
future. Despite the lack of specific treatment, current therapeutic goals 
of managing DHF are: 

To reverse deleterious consequences of diastolic dysfunction such 
as venous congestion and exercise intolerance); 

To eliminate or to reduce the major factors especially cardiac and 
extra cardiac conditions responsible for diastolic dysfunction; and 

To reduce the number and rate of hospitalization, increase hospital-
free survival and improve the overall quality of life [49].

Based on the current evidence, the ACCF/AHA heart failure 
guidelines only recommend treatment strategies for patients with 
symptomatic DHF defined by NYHA functional classes II-IV. 
There is no research evidence supporting beneficial outcomes in the 
treatment for asymptomatic patients with DHF apart from controlling 
hypertension, which is the most common modifiable risk factor for 
DHF [49]. Common clinical management strategies for DHF are 
medical therapy and treatment for the underlying conditions causing 
or aggravating diastolic dysfunction. 

Medical therapy

Medical therapy for DHF uses medication developed and validated 
for patients with SHF. However, there is insufficient evidence on 
therapeutic efficacy in reducing morbidity, mortality and HF-related 
hospitalization in DHF patients [20]. The goal of medication is 
symptom relief and treatment of diastolic dysfunction. Recommended 
treatment by fluid volume, diuretics or reduced fluid and sodium intake 
targets to relieve symptoms of pulmonary congestion by reducing LV 
volume. However, the dosage for diuretics should be used cautiously 
to avoid hypotension, fatigue or renal impairment. This is especially 
true since hypotension presents a risk in DHF patients because small 
changes in diastolic volume may lead to significant changes in afterload 
and cardiac output, particularly in individuals having a steep diastolic 
pressure-volume curve [49]. 

Other recommended medical interventions to reduce LV volume 
is by targeting the reduction of central blood volume using drugs such 
as angiotensin-converting enzyme-inhibitors/angiotensin receptor 
blockers (ACE-I/ARB), which work by blocking the activation of the 
renin-angiotensin-aldosterone system (RAAS) [54]. The activation of 
RAAS contributes to reduced cardiac output and increased exercise 
intolerance in DHF patients [20,107]. The recommended treatment for 
diastolic function include beta-blockers to decrease blood pressure and 
reduce ventricular remodeling by lowering the harmful neurohormonal 
and cytokine cascade. Beta-blockers also reduce heart rate to improve 
diastolic filling and volume, thereby increasing cardiac output. 
However, there is no evidence on the benefits of medical therapy on 
reducing morality and hospitalization in DHF patients [49]. In addition 
to symptom relief and management of diastolic dysfunction, treatment 

for underlying cardiac condition and comorbidities are recommended 
to prevent further diastolic dysfunction and improve survival because 
DHF patients are more likely to die from non-cardiac causes compared 
to SHF patients [20.49].

Meta-analysis of clinical management 

Pharmacotherapy remains the frontline medical therapy in DHF 
patients for symptom relief and managing diastolic dysfunction [18]. 
However, since medication used for DHF adopts medication developed 
for SHF patients, and that, clinical benefits of medical therapy for DHF 
patients has not shown convincing reduction on hospitalization and 
mortality [20], there is need for complementary non-pharmaceutical 
strategies to improve diastolic function, exercise tolerance, hospital-
free survival and the overall quality of life in these patients. Increasing 
evidence on the relationship between diastolic dysfunction and reduced 
exercise tolerance has motivated research into therapeutic values of 
exercise in improving diastolic function [135]. Already, evidence of 
exercise training improving cardiorespiratory fitness is emerging in 
DHF patients [136,137]. Exercise training has also been reported 
to improve exercise tolerance in sedentary obese and hypertensive 
patients, who are at a greater risk of developing DHF [138]. Several 
studies have also evaluated clinical benefits of exercise training as a 
form of therapy for DHF patients [139-142]. However, these studies 
did not evaluate hard clinical end-points such as hospitalization and 
mortality but reported improvement in exercise tolerance and diastolic 
function. Therefore, the purpose of this meta-analysis is to combine 
available research findings to determine the therapeutic benefits of 
exercise training on diastolic function, exertional tolerance, and quality 
of life in patients with DHF. 

Search strategy and inclusion criteria: The search for relevant 
studies assessing therapeutic benefits of exercise training on DHF 
patients was carried out on online databases (PubMed, EMBASE, 
and Cochrane). Various combinations of the following key search 
terms were used to identify relevant studies: diastolic heart failure, 
heart failure with normal ejection fraction, exercise training, diastolic 
function and exercise tolerance. In addition, non-indexed databases 
such as Google Scholar and institutional library (with the help of the 
librarian) were searched for additional studies. Studies were included if 
they met the following criteria: (a) recruited patients with DHF (LVEF > 
40%); (b) randomized patients into treatment group (exercise training) 
and control group (not receiving exercise training); and (c) reported 
quantifiable measures of the effect of exercise training on functional 
capacity and/or diastolic function. All qualifying studies were included 
irrespective of the publication year and language. However, studies 
with only abstract available, conference papers or review articles were 
excluded. In the case of studies re-using the same patient population, 
the latest study with the highest number of patients was included. 
Two reviewers independently carried out study selection and data 
abstraction and resolved any disagreement through consensus. The 
abstracted data included author patient population (size, mean age, 
women percentage, body mass index and New York Functional Class), 
and clinical outcomes (functional capacity and quality of life) (Tables 
5 and 6). 

Study characteristics and outcomes: After screening title, abstract 
and full-text of all the studies retrieved from online searches and 
citations against the inclusion criteria, five studies published between 
2004 and 2013 were eventually included in this meta-analysis [160-
164]. The combined patients population in the five studies was 237 
randomized into exercise training (n = 230) and control group (n = 
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1st Author [Ref #] Publication Year ET (n) Control (n) Mean Age (yrs.) Women (%) BMI (kg/m2) NYHA II (%) NYHA III (%)
Gary et al. [160] 2004 16 16 68(11) 100 34(7) 41 59

Kitzman et al. [161] 2010 26 27 70(6) 83 30(6) 51 21
Edelmann et al. [162] 2011 44 20 64(8) 55 31(6) 84 16

Smart et al. [163] 2012 12 13 67(6) 42 31(6) 64 0
Kitzman et al. [164] 2013 32 31 70(7) 72 32(7) 51 49

BMI: Body Mass Index; ET: Exercise Training; NYHA: New York Heart Association 

Table 5. Summary of patient characteristics in the included studies

1st Author [Ref #] Duration (Months) Changes in Exercise Training Group Changes in Control Group
6 MWT V02 mL/kg/min QoL 6 MWT V02 mL/kg/min QoL

Gary et al. [160] 3 203 NR -5 -92 NR -4
Kitzman et al. [161] 4 165 2.3 -7 48 -0.3 -2

Edelmann et al. [162] 3 78 2.6 -8 56 -0.7 -2
Smart et al. [163] 4 NR 2.8 -4.8 NR 0.8 -2

Kitzman et al. [164] 4 128 1.6 -10 33 0.2 -3

Table 6. Summary of clinical outcomes on exercise training on DHF patients

QoL: Quality of Life; V02: Ventricular Oxygen; 6 MWT: Six-Minute Walk Test

107), mean age 67.8 years with a greater proportion of women (70.4%). 
At presentation, the patients were generally obese with a high mean 
baseline body mass index (31.6 kg/m2). A majority of the patients had 
either a slight or a marked limitation of physical activity categorized 
into NYHA Functional Class II (58%) or NYHA Class III (29%). 

Pooled analysis of the included studies using fixed effect meta-
analysis showed significant improvement in functional capacity 
between exercise training group and control group. Weighted mean 
difference (WMD) was significantly higher in 6MWT (WMD, 1.202; 
95% CI, 0.898 to 1.505; p < 0.001; Figure 4), and peak amount of oxygen 
consumption (WMD, 1.619; 95% CI, 1.298 to 1.939; p < 0.001; Figure 
5) and in quality of life (WMD, -1.070; 95% CI, -1.371 to -0.817, p < 
0.001; Figure 6). One study [162] reported improvement in diastolic 
function measured by E/e’ ratio, which was significant in the exercise 
training group (-2.3; range -3.0 to -1.6) compared to the control group 
(0.6; range -0.5 to 1.8) and cardiac output (6.0 to 7.7 L/min; p = 0.04). 

Discussion of outcomes
Increased exercise intolerance is a key symptom in DHF patients, 

a strong determinant of quality of life (QoL), independent predictor of 
survival as well as an emerging therapeutic target. Patients with DHF 

are relatively older, have reduced exercise tolerance and moderately 
impaired QoL. In addition, since current medical therapies for DHF 
have not had convincing reduction in mortality and hospitalization, 
structured exercise training is being considered as a therapy to improve 
diastolic function, functional capacity and quality of life. However, 
evidence supporting clinical benefits of exercise training are inadequate. 
This meta-analysis sought to combine current research evidence 
to determine the overall effect of structured exercise training on 
functional capacity. The analysis finds exercise training conducted for 
over three months has significant improvement in functional capacity 
of DHF patients demonstrated by a marked improvement in 6MWT 
and peak oxygen consumption. One study also reported improvement 
in diastolic function demonstrated by a significant reduction in E/e’ 
ratio compared to control [162]. 

The present findings support those of a recent meta-analysis study 
evaluating the effect of exercise training on cardiorespiratory fitness, 
QoL and diastolic function in patients with heart failure with normal 
ejection fraction [165]. The study reported significant improvement 
in cardiorespiratory fitness and quality of life but with no significant 
improvement in both diastolic and systolic function. However, 
the study measured diastolic function using E/A ratio and early 

Figure 4. Weighted mean differences in 6MWT
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deceleration time rather than the more specific E/e’ ratio recommended 
by the latest ESC HF guidelines [20]. Previous trials have also reported 
structured exercise training improves exertional intolerance and QoL in 
asymptomatic hypertensive patients at risk of developing DHF as well 
as in HF patients with reduced ejection fraction [138,166]. In a recent 
randomized controlled trial evaluating a 10-year effect of exercise 
training on chronic heart failure patients, exercise was feasible and 
safe therapeutic intervention for over ten years, producing significant 
improvement in both functional capacity and quality of life. Long-
term structured exercise improved heart rate, peak oxygen uptake after 
one year but resting ejection fraction required longer than one year to 
register significantly higher levels [167].

Although the exact mechanism through which exercise improves 
functional capacity and quality of life remains unclear, emerging 
evidence suggests improvement in diastolic function [137,168]. Other 
proposed mechanisms with inconclusive evidence include increased 
stroke volume and cardiac output and improvement in arterial stiffness 
[265]. Further studies on the relationship between exercise training and 
diastolic functions would provide additional evidence to determine 
the mechanisms through which exercise training improves functional 

capacity and quality of life. With demonstrated therapeutic benefits of 
exercise training therapy on functional capacity, DHF patients could 
obtain clinical benefits by combining exercise therapy and standard 
medical therapy. Exercise training could improve hospital free survival 
and improve quality of life [167]. However, additional study are 
warranted to establish whether a dual-therapy of exercise training and 
medication would have convincing outcomes on reducing HF-related 
hospitalization, mortality and improve quality of life. 

Conclusion
Diastolic heart failure (DHF) is a cardiogeriatric syndrome 

characterized by symptoms of dyspnea, fatigue and peripheral edema, 
normal or mildly reduced left ventricular ejection fraction and a 
predominant abnormality in diastolic function. DHF accounts up to a 
half of all cases of heart failure (HF) with a higher prevalence in older 
adults. The syndrome is common in patients with hypertension, obesity, 
valvular heart disease, diabetes and hypertrophic cardiomyopathy 
but could also occur in a variety of other clinical disorders such as 
tachycardia and ischemia. The key pathophysiologic mechanisms 
include increased myocardial stiffness and delayed left ventricular 

Figure 5. Weighted mean difference in peak VO2 consumption

Figure 6. Weighted mean difference in quality of life
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relaxation. Delayed relaxation causes diastolic abnormalities through 
inducing abnormal early filling, and in the presence of increased 
stiffness elevates LV filling pressure and pulmonary pressure more so 
during exercise leading to diastolic dysfunction. Increased myocardial 
stiffness increases left atrial pressure and size leading to atrial fibrillation 
and decreased cardiac output, reduced exercise tolerance and ultimately 
DHF. Typical signs and symptoms of DHF include exertional dyspnea, 
fatigue, orthopnea, paroxysmal nocturnal dyspnea, peripheral edema, 
and exercise intolerance. Diagnosis requires the presence of HF signs 
and symptoms determined through the assessment of patients’ clinical 
history, physical assessment and electrocardiogram. If at least one of 
the initial findings is abnormal, clinical evaluation of serum natriuretic 
peptides should be considered to select patients for echocardiography 
to assess the presence of normal or mildly reduced left ventricular 
ejection fraction (> 40%) and the evidence of structural heart disease 
or diastolic dysfunction. Although DHF has no specific therapy, its 
clinical management adopts therapies validated for systolic heart 
failure. Medical therapy has proved beneficial in the relief of symptoms 
but its efficacy on reducing hospitalization and mortality rates remains 
unclear. Exercise therapy improves functional capacity and quality 
of life, and its inclusion in standard medical therapy is could be safe, 
feasible and efficacious.
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