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It remains uncertain if diastolic heart failure (DHF) 
is a distinct HF phenotype or a precursor stage of 
systolic HF (SHF). The unimodal distribution of left 
ventricular ejection fraction (LVEF) in HF, depressed 
LV long-axis shortening in DHF, and progression to 
eccentric LV remodeling in hypertension favor DHF 
and SHF as successive stages. These arguments are 
countered by the bimodal distribution of LVEF after 
correction for gender, by the preserved LV twist in 
DHF and by the low incidence of eccentric LV remod-
eling in hypertension. Clinical features, LV anatomy 
and histology, cardiomyocyte stiffness, myocardial 
effects of diabetes, and the response to HF therapy 
support DHF and SHF as distinct phenotypes. 
Comparison of the myocardial signal transduction 
cascades that drive LV remodeling in DHF and SHF 
may solve the controversy. This review analyzes argu-
ments supporting DHF and SHF as successive stages 
or distinct phenotypes of the HF syndrome.

Introduction
Although diastolic heart failure (DHF) currently accounts 
for more than 50% of all HF cases in Western countries, 
and although the prognosis in patients with DHF is now 
considered as poor as the prognosis in patients with sys-
tolic HF (SHF) [1••], it remains unresolved if DHF is 
indeed a distinct HF phenotype or merely a precursor stage 
of SHF [2]. Because of possible continuity between DHF 
and SHF, and because diastolic left ventricular (LV) dys-
function is not unique to DHF but also occurs in patients 
with SHF, DHF was often referred to in recent years as 
HF with normal LV ejection fraction (LVEF; HFNEF) [3] 
or HF with preserved LVEF (HFPEF) [4]. Arguments for 

DHF and SHF as different stages or distinct phenotypes 
of HF syndrome are listed in Table 1 [5••].

Unimodal Distribution of LVEF
In large registries that recruited HF patients regardless 
of LVEF, a unimodal distribution of LVEF was observed 
with a median value ranging from 35% to 40% [6,7]. If 
DHF and SHF were distinct HF phenotypes, a bimodal 
distribution should have emerged from these large reg-
istries. Such a bimodal distribution, however, appears 
when HF patients are subdivided by gender. LVEF of 
male HF patients peaks at 30% whereas LVEF of female 
HF patients peaks at 60%. The unimodal distribution of 
LVEF in the overall HF population is therefore related 
to pooling of HF patients of both genders. In a multi-
variate risk analysis of DHF versus SHF, female sex was 
recently again confi rmed as an important predictor (OR, 
2.29; 95% CI, 1.35–3.90) of DHF [8]. Population studies 
should account for these gender-specifi c features of HF 
phenotype and abstain from reporting on characteristics 
of a global HF population. The CHARM registry also 
revealed a peculiar relation between mortality risk and 
LVEF. Mortality of HF patients was inversely related to 
LVEF, up to an LVEF value of 45%, at which point mor-
tality leveled off. This infl ection of the mortality–LVEF 
relationship also supports the presence of two distinct HF 
phenotypes, one for which LVEF is an important prog-
nosticator (SHF) and one for which it is not (DHF).

LV Systolic Function Defi cit
In DHF patients, most indices of global LV systolic 
performance, such as LVEF, LV dP/dt max, and Emax 
(slope of the LV end-systolic pressure–volume relation) 
are within normal limits. However, some subtle Doppler 
echocardiographic measures of LV systolic performance 
are lower than normal [9]. These subtle measures include 
tissue Doppler mitral annular shortening velocity, longi-
tudinal strain, and radial strain. Other refi ned Doppler 
echocardiographic measures of LV systolic performance, 
such as LV twist or circumferential strain, are, how-
ever, similar in DHF patients and normal controls. The 
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discordance in DHF between mitral annular shortening 
velocity, which is lower than normal, and LV twist, which 
remains unchanged, is especially puzzling. Mitral annu-
lar shortening velocity is produced by endocardial and 
epicardial longitudinal muscle fi bers that depart from the 
mitral annulus, wrap around the apex, and reinsert on the 
mitral annulus at a location opposite the one from which 
they originate. Systolic contraction of these fi bers creates 
mitral annular shortening velocity and LV twisting. The 
discordant changes in DHF of mitral annular shortening 
velocity and LV twisting suggest that depressed mitral 
annular shortening velocity results not from a contractile 
defi cit of these longitudinal muscle fi bers but a shorter LV 
long-axis because of LV shrinkage or a shift in LV shape 
from spherical to ellipsoid. Furthermore, a reduction in 
mitral annular shortening velocity has been reported 
absent by some studies in as many as 50% of DHF patients 
and present in patients with LV hypertrophy without HF. 
Finally, mitral annular shortening velocity is only a minor 
contributor to LV stroke volume, which mainly arises 
from LV minor-axis shortening and has, therefore, little 
impact on overall LV performance.

LV Remodeling in Hypertensive Heart 
Disease and Hypertrophic Cardiomyopathy
A frequently cited argument for DHF evolving to SHF 
is the evolution toward an eccentrically remodeled 
and dilated LV in hypertensive heart disease [10] and 
hypertrophic cardiomyopathy [11]. In many previous 
studies reporting on eccentric LV remodeling in hyper-
tensive heart disease, interval coronary events were either 
overlooked or signifi cantly higher in patients with hyper-
tension who developed eccentric LV remodeling with 
a depressed LVEF. A recent, large epidemiologic survey 
actually observed the opposite; namely, progressive LV 
shrinkage when hypertensive heart disease evolved to LV 
failure [12•]. This study obtained LV echocardiograms in 
controls, patients with hypertension, and patients with 
hypertension and HF, fi nding a progressive reduction of 
LV end-diastolic volume index from 62 mL/m2 in controls 
to 60 mL/m2 in those with hypertension and 56 mL/m2 
in those with hypertension and HF. This study fi ts into a 
recently proposed longitudinal framework for the evolu-
tion of LV mass during adult life [13], whereby LV mass 

incessantly increases if elevated in midlife at 45 years of 
age. This continuous increase in LV mass, especially in 
women with elevated body mass index and in patients 
with diabetes, again suggests that once the LV has 
engaged in concentric LV remodeling because of obesity, 
diabetes, and arterial hypertension, it will continue to do 
so throughout the entire adult life course unless coronary 
artery disease and myocardial ischemia intervene.

An evolution to eccentric LV remodeling with a 
depressed LVEF has also been suggested to occur in patients 
with hypertrophic cardiomyopathy, another cardiac disease 
characterized by concentric LV remodeling and diastolic LV 
dysfunction. However, a large survey of 1259 hypertrophic 
cardiomyopathy patients revealed that such evolution was 
extremely rare, only occurring in 44 patients (3.5%) [11]. 
Furthermore, because of a signifi cant association with the 
presence of atrial fi brillation, such an evolution could have 
resulted from superimposition of tachycardia-cardiomy-
opathy, which is known to cause LV dilation.

Clinical Characteristics of Incident HF
Cross-sectional registries of HF populations revealed that 
DHF patients were older, more often women, and fre-
quently had comorbidities such as arterial hypertension, 
obesity, and diabetes. Such characteristics were also evi-
dent in the prospective multicenter registry of hospitalized 
DHF patients completed by the New York Heart Failure 
consortium [14]. Seventy-fi ve percent of DHF patients were 
women and, on average, 4 years older than the men in the 
registry (72 vs 68 y, respectively). A precipitating event 
leading to the hospitalization could be identifi ed in 50% of 
cases and consisted in decreasing frequency of uncontrolled 
arterial hypertension, nonadherence to prescribed medica-
tions, acute coronary syndromes, atrial arrhythmias, and 
renal or pulmonary insuffi ciency. Arterial hypertension 
preexisting on average 10 years before admission was the 
most frequent comorbidity (75% of patients) followed by 
obesity (body mass index > 30 kg/m2; 50% of patients) and 
diabetes mellitus (50% of patients).

Of special interest are the differences of clinical char-
acteristics and risk factors between DHF and SHF patients 
at the time of HF onset [8]. Among Framingham Heart 
Study participants, new onset DHF was predicted by 
elevated systolic blood pressure (OR, 1.13 per 10 mm Hg; 

Table 1. Arguments favoring DHF and SHF as successive stages or distinct phenotypes of the HF syndrome

Successive stages Distinct phenotypes 

Unimodal distribution of LVEF Clinical features of incident HF

LV systolic function defi cit LV anatomy and histology

Eccentric LV remodeling in hypertensive heart disease Cardiomyocyte stiffness

Eccentric LV remodeling in hypertrophic cardiomyopathy Myocardial effects of diabetes

Responses to heart failure therapy

DHF—diastolic heart failure; HF—heart failure; LV—left ventricular; LVEF—left ventricular ejection fraction; SHF—systolic heart failure.
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95% CI, 1.04–1.22), atrial fi brillation (OR, 4.23; 95% CI, 
2.38–7.52), and female sex (OR, 2.29; 95% CI, 1.35–3.90) 
whereas SHF was predicted by prior myocardial infarction 
(OR, 0.32; 95% CI, 0.19–0.53) and left bundle branch 
block QRS morphology (OR, 0.21; 95% CI, 0.10–0.46). 
These fi ndings suggest that DHF and SHF are distinct 
clinical entities necessitating different strategies for early 
detection and prevention. Furthermore, in the multiethnic 
population of the MESA study, 65% of patients who devel-
oped HF, had normal LV systolic function, and only 33% 
had a prior myocardial infarction [15]. This study extended 
risk factor analysis beyond those established by the Fram-
ingham Heart Study, identifying obesity, interleukin-6 (OR, 
1.5; 95% CI, 1.10–2.03), C-reactive protein (OR, 1.38; 95% 
CI, 1.01–1.86), and macroalbuminuria (OR, 4.31; 95% CI, 
1.58–11.76) as predictors of incident DHF. These results 
suggest that obesity contributes importantly to DHF patho-
genesis through pathways associated with infl ammation.

LV Anatomy and Histology
Myocardial hypertrophy and myocardial fi brosis are 
prominent pathologic features of failing myocardium. 
In DHF, myocardial hypertrophy leads to concentric LV 
remodeling evident from a high LV wall mass–volume 
ratio and a high relative wall thickness (septal plus pos-
terior wall thickness divided by LV internal diameter) 
[16,17••]. This pattern of LV remodeling contrasts with 
LV remodeling observed in SHF patients, who frequently 
present with a lower than normal LV wall mass–volume 
ratio and a low relative wall thickness [17••]. Myocardial 
ultrastructure also differs between DHF and SHF: 1) car-
diomyocyte diameter is on average 50% larger in DHF 
patients than in SHF patients [17••]; 2) DHF patients have 
lower collagen volume fraction (11%) than SHF patients 
(16%) [18]; 3) DHF patients mainly have interstitial 
fi brosis whereas SHF patients have both interstitial and 
replacement fi brosis [17••]; 4) on electron microscopic 
images, cardiomyocytes of DHF patients have lower 
myofi brillar density than cardiomyocytes of SHF patients 
[17••], who frequently have dropout of myofi laments; and 
5) both on electron microscopic and immunofl uorescent 
images stained for α-actinin, DHF patients have signifi -
cant widening of the Z-disc [18].

Differences in myocardial collagen deposition between 
DHF and SHF patients refl ect dissimilar expression pat-
terns of matrix metalloproteinases (MMPs) and of tissue 
inhibitors of matrix metalloproteinases (TIMPs). In hyper-
tensive patients with HFNEF [19], there is decreased matrix 
degradation because of downregulation of MMPs and 
upregulation of TIMPs, whereas in patients with dilated 
cardiomyopathy there is increased matrix degradation 
because of upregulation of MMPs [20]. In patients with 
aortic stenosis who develop a depressed LVEF, this balance 
between proteolysis and autoproteolysis shifts [21]. More-
over, one third of the patients presenting with DHF have 
a normal collagen volume fraction in their endomyocar-

dial biopsy [22]. However, their LV end-diastolic pressure 
(LVEDP) and LV stiffness modulus are comparable to DHF 
patients with a high collagen volume fraction in the endo-
myocardial biopsy. The latter fi nding suggests that factors 
other than collagen deposition also contribute to the high 
in-vivo LV stiffness observed in DHF patients. Intrinsic 
cardiomyocyte stiffness is one of these factors.

Cardiomyocyte Stiffness
Intrinsic cardiomyocyte stiffness is higher in DHF com-
pared with SHF patients [17••,18,22] and this mainly 
relates to transcriptional or posttranslational modifi ca-
tions of the cytoskeletal protein titin [23]. Titin functions 
as a bidirectional spring responsible for early diastolic 
LV recoil and late diastolic LV stretch. As a result of 
alternative splicing, human myocardium expresses both 
the stiff N2B and the compliant N2BA titin isoform. 
Higher expression of the compliant N2BA titin isoform 
is observed in SHF patients with eccentric LV remodel-
ing [24,25] but not in DHF patients with concentric LV 
remodeling [17••]. In SHF patients, higher myocardial 
expression of the compliant N2BA titin isoform corre-
lates with exercise tolerance because more N2BA and less 
N2B titin isoform improves diastolic LV distensibility and 
enhances LV preload reserve during exercise.

Administration of PKA or PKG reduces stiffness of 
cardiomyocytes isolated from LV myocardium of DHF 
and SHF patients [26•,27]. A recent study identifi es serine 
residue S469 situated within titin’s N2B fragment that is 
the site responsible for the fall in cardiomyocyte stiffness 
following phosphorylation by either PKG or PKA26. In 
animals, the phosphorylation-induced fall of cardiomyo-
cyte stiffness is dependent on titin isoform, with the largest 
effect observed in rat ventricular myocardium, which has 
an N2BA–N2B ratio of about 0.1, and the smallest effect 
in bovine atrial myocardium, which has an N2BA–N2B 
ratio of about 9. These observations are also consistent 
with the reported effects of PKA administration on stiff-
ness of cardiomyocytes isolated from LV biopsies of SHF 
or DHF patients. In cardiomyocytes of SHF patients, who 
have a higher N2BA–N2B titin isoform ratio, administra-
tion of PKA results in a smaller reduction in cardiomyocyte 
stiffness than in DHF patients, who have a lower 
N2BA–N2B titin isoform ratio [17••,27]. Furthermore, in 
normal myocardium, titin isoform phosphorylation paral-
lels titin isoform expression. This concordance between 
titin isoform expression and phosphorylation is absent in 
HF myocardium. Lost concordance between titin isoform 
expression and phosphorylation is especially deleterious 
for DHF myocardium, which has high N2B titin isoform 
expression but low N2B titin isoform phosphorylation. As 
the phosphorylation-induced fall of cardiomyocyte stiff-
ness is titin isoform dependent, low N2B titin isoform 
phosphorylation explains why cardiomyocytes isolated 
from DHF patients have both high stiffness and a large 
response of stiffness to PKA [27].
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Myocardial Effects of Diabetes Mellitus
Decreased diastolic LV distensibility is recognized as 
the earliest manifestation of LV dysfunction induced 
by diabetes mellitus and frequently becomes the main 
functional defi cit as many patients with diabetes suffer 
from HFNEF [14]. Decreased diastolic LV distensibil-
ity of the heart in those with diabetes has usually been 
attributed to myocardial deposition of advanced glycation 
end-products (AGEs) and myocardial fi brosis. A recent 
study evaluated the relative importance of AGEs deposi-
tion, fi brosis, and cardiomyocyte stiffness for diastolic LV 
distensibility of HF patients with diabetes and no signifi -
cant coronary artery disease [18]. AGEs deposition and 
fi brosis were especially important for SHF patients with 
diabetes, whereas raised cardiomyocyte stiffness was the 
main contributor to reduced diastolic LV distensibility in 
DHF patients with diabetes. This study proposes diabetes 
to harm myocardial function by two distinct pathways 
consisting, respectively, of AGEs deposition–infl am-
mation–fi brosis and of myocyte hypertrophy–myocyte 
stiffening. Each pathway is associated with a distinct HF  
phenotype: AGEs deposition–infl ammation–fi brosis with 
SHF and myocyte hypertrophy–myocyte stiffness with 
DHF. In the absence of coronary artery disease, previous 
myocarditis is the most likely cause for SHF. Infl amma-
tory myocardial damage is known to facilitate AGEs 
deposition [28] and AGEs deposition itself amplifi es myo-
cardial infl ammation [29]. Most DHF patients suffer from 
hypertensive heart disease. DM worsens diastolic LV dys-
function induced by hypertensive heart disease through 
the pathway of myocyte hypertrophy–myocyte stiffening. 
Higher cardiomyocyte stiffness in diabetes could relate 
to oxidative modifi cations of titin, especially in its Z-disc 
part where titin–actin interaction presets tension on the 
elastic segments of titin [23].

Response to HF Therapy
In SHF, administration of angiotensin-converting enzyme 
inhibitors (ACEI), angiotensin II receptor blockers (ARB), 
or β-blockers (BB) improves total and cardiovascular mor-
tality. As a consequence of modern HF  therapy, prognosis 
in SHF patients signifi cantly improved in the past decade 
compared with the previous two decades [1••]. Conversely, 
despite frequent use of the same pharmacologic agents, 
prognosis of DHF patients remained unaltered during 
the past decade [1••]. Contrasting effi cacy of comparable 
pharmacologic agents in SHF and DHF was convincingly 
demonstrated by the neutral outcome of a series of recent 
trails or registries. In hypertensive patients of the ALL-
HAT trial, lisinopril was inferior to chlorthalidone for 
preventing incident DHF but not SHF [30]. The neutral 
outcome of the I-PRESERVE trial, which assigned DHF 
patients to the ARB irbesartan or placebo [31••], con-
trasts sharply with the overwhelmingly positive outcome 
of the earlier CHARM-Alternative trial, which assigned 
SHF patients to the ARB candesartan or placebo [32]. 

Finally, in the OPTIMIZE-HF registry, discharge use of 
BB had a signifi cant effect on 1-year mortality or hospital-
ization rates of SHF patients but not of DHF patients [33]. 
Despite persisting concerns that mainly methodologic 
issues involving identifi cation and recruitment of DHF 
patients account for the neutral outcome of DHF trials, 
the discordant outcome of similar pharmacologic therapy 
in SHF and DHF is consistent with different myocardial 
signal transduction cascades driving LV remodeling in 
both HF phenotypes.

A neutral outcome in DHF compared with a positive 
outcome in SHF, as occurred with ACEI, ARB, and BB, 
can be compatible with fl awed DHF trial design but a 
positive outcome in DHF compared with a neutral out-
come in SHF, as occurred with statins, can no longer 
be attributed to trial conception but supports distinct 
pathophysiologic mechanisms in both conditions. In a 
preliminary report, DHF patients receiving statins had 
signifi cantly lower mortality rates than those not receiv-
ing statins with a relative risk reduction of 22% [34]. In 
the same DHF patient population, treatment with ACEI, 
ARB, or BB had again no discernible effect on survival. 
This positive outcome of statin therapy in DHF patients 
contrasts with the recently reported neutral outcome of 
statin therapy in SHF patients observed in the CORONA 
trial [35]. The unequal response to similar pharmaco-
therapy in DHF and SHF supports searching for a specifi c 
DHF pharmacotherapy that addresses the distinct struc-
tural and functional myocardial abnormalities observed 
in DHF. These abnormalities relate to cardiomyocyte 
hypertrophy, turnover of the extracellular matrix during 
LV remodeling, elevated cardiomyocyte stiffness with 
higher myocardial expression and less phosphorylation 
of the stiff N2B titin isoform, and a shift in myocardial 
metabolism from glucose to free fatty acid use because 
of frequent comorbidities such as type 2 diabetes and the 
metabolic syndrome.

Conclusions
This review analyzes arguments supporting DHF and 
SHF as successive stages or distinct phenotypes of the HF 
syndrome. The unimodal distribution of LVEF in HF, the 
presence of an LV long-axis shortening defi cit in DHF and 
the evolution to eccentric LV remodeling in hypertensive 
heart disease or in hypertrophic cardiomyopathy favor 
DHF and SHF as successive stages of the HF syndrome. 
However, these arguments are rebutted by the appearance 
of a bimodal distribution of LVEF in HF after correc-
tion for gender, the unchanged LV systolic twist in DHF, 
and the very low incidence of eccentric LV remodeling in 
hypertensive heart disease or hypertrophic cardiomyopa-
thy. The clinical features of incident HF, LV anatomy and 
histology, cardiomyocyte stiffness, myocardial effects of 
diabetes, and the response to HF therapy support DHF 
and SHF as distinct phenotypes of the HF syndrome. 
Most of these arguments are consistent with different 
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myocardial signal transduction cascades driving LV 
remodeling in both HF phenotypes. Elucidation of these 
phenotype-specifi c signal transduction cascades could 
provide inroads for DHF- or SHF-specifi c therapies.

Clinical Trials Acronyms
ALLHAT—Antihypertensive and Lipid-lowering Treat-
ment to Prevent Heart Attack Trial; CHARM—Chronic 
Heart Failure: Assessment of Reduction in Mortality 
and Morbidity; CORONA—Controlled Rosuvastatin in 
Multinational Trial in Heart Failure; I-PRESERVE—Irbe-
sartan in Heart Failure With Preserved Ejection Fraction; 
MESA—Multiethnic Study of Atherosclerosis; OPTI-
MIZE-HF—Organized Program to Initiate Lifesaving 
Treatment in Hospitalized Patients With Heart Failure.
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