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Abstract

Heart failure with preserved ejection fraction (HFPEF) is a common condition, especially among
the elderly and in women, with the reported prevalence approaching 10% in women over the age
of 80 years. With an increasing prevalence of hypertension, obesity, atrial fibrillation, and
diabetes, and the growing elderly segment of the general population, the prevalence of HFPEF is
projected to increase further. HFPEF presents a diagnostic challenge. As a consequence, studies
differ widely in their reported incidence and mortality rates associated with this condition,
although there is agreement that between a third and one half of heart failure patients in the
community have HFPEF. Although several consensus statements and guidelines have been
published during the last decade, some of the recent randomized clinical trials have reported low
mortality rates, raising doubts whether all patients diagnosed with HFPEF do actually suffer from
HFPEF (as opposed to misdiagnosis) or if the condition is heterogeneous by nature in terms of its
etiology and prognosis. The overall reported prognosis of patients with HFPEF remains poor, with
patients experiencing substantial comorbidity, high rates of repeated hospitalizations, and a high
mortality. In both community-based and hospital-based cohorts, HFPEF was recently reported to
be associated with approximately 159 (154-165) deaths per 1000 person-years.
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Introduction

Heart failure with preserved ejection (HFPEF) can be defined as a clinical syndrome in
which the heart is unable to deliver the requisite amount of oxygen to the tissues
commensurate with their metabolic needs, or does so but only at the expense of increased
left ventricular filling pressures, despite a normal ejection fraction. Other terms used for this
condition include ‘backward heart failure’ and diastolic heart failure. The reported
prevalence of HFPEF is increasing, in part due to a greater awareness of the diagnosis,
refined echocardiographic techniques, and also due to changes in demographics (such as
ageing of the population), and higher burden of lifestyle-related risk factors (such as obesity
and diabetes). For many years, HFPEF has remained a clinical illusive concept with lack of
both national and international consensus on criteria for its diagnosis.(1,2) There are no
clinical symptoms or signs that have a high sensitivity or specificity for the diagnosis of
HFPEF, and the pathophysiological mechanisms underlying the condition are not well
established. Moreover, patients with HFPEF often have concomitant comorbidities that may
either mask or confound the diagnosis.

The current American Heart Association/American College of Cardiology and European
Society of Cardiology guidelines both recommend that a diagnosis of HFPEF should be
based on the presence of the three following features: 1. Signs and symptoms consistent with
a diagnosis of heart failure; 2. Absence of depressed ejection fraction (i.e., a left ventricular
ejection fraction [LVEF] =50%); and 3. Objective measures showing an impaired LV
diastolic function.(3,4) Furthermore, the clinical findings should not be explainable by other
conditions, such as a primary volume overload state or chronic pulmonary disease. The
diagnostic criteria are still subject to variability between hospitals and across studies. Of
note, no single non-invasive measure of LV diastolic function is optimally accurate and
sensitive for establishing a diagnosis of LV diastolic dysfunction (the third criterion).
Therefore, guidelines concur that LV diastolic function should be measured by more than
one technique in these patients, where feasible. Additionally, guidelines are not specific
regarding which combination of symptoms and signs adequately and accurately establishes a
clinical diagnosis of heart failure.

Most symptoms and clinical findings, especially those that are present in milder states of
HFPEF (such as reduced exercise capability or mild ankle edema) are inherently non-
discriminatory and may be caused by a variety of clinical conditions, including chronic
pulmonary disease, physical deconditioning, obesity, and/or renal disease. Symptoms and
signs of more severe heart failure (like paroxysmal nocturnal dyspnea and pulmonary
edema) are more specific, but have a lower sensitivity. The Framingham Heart Study heart
failure criteria are among the most commonly used and are widely accepted for an initial
evaluation of suspected heart failure. They are based on an algorithm that combines different
objective signs for diagnosing heart failure (Table 1) and are intended for epidemiological
settings. Because there is no gold standard for the clinical diagnosis, however, validation of
different algorithms and measures to diagnose HFPEF is somewhat challenging. As an
illustrative example, in the recent placebo controlled randomized trial of spironolactone (the
Aldo-DHF trial) only 1 of 422 patients died during 12 months of follow-up, which is much
lower than the mortality expected in HFPEF patients based on prior reports from other
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observational and clinical trials. The observed low mortality of these patients in some series
has led some investigators to question the diagnosis of HFPEF itself with the added
speculation that some of these patients may not have heart failure.(1,5) The most common
heart failure symptoms for inclusion in the Aldo-DHF trial were fatigue (59%) and nocturia
(80%), which are per se not specific enough for a diagnosis of heart failure (compared to the
more exhaustive Framingham criteria).(6) Supporting the notion that HFPEF may be over
diagnosed, Caruana et al. reported that, in a sample of consecutively referred patients with
suspected heart failure and normal systolic function but without atrial fibrillation, or valve
disease, an alternative diagnosis (such as obesity, reduced pulmonary capacity, or coronary
artery disease) was present in the majority of patients even though they had demonstrable
LV diastolic dysfunction.(5) The authors, therefore, concluded that few if any patients
satisfied the criteria for a diagnosis of pure diastolic heart failure.(5) The echocardiographic
findings suggestive of heart failure was recently compared with clinical findings based on
the Framingham criteria in 216 consecutive patients admitted with suspected heart failure to
a cardiology unit at an academic hospital in Spain.(7) The authors concluded that the
Framingham criteria were very sensitive (92%) and moderately specific (72%) for
diagnosing heart failure. The absence of positive Framingham criteria conclusively ruled out
heart failure with reduced ejection fraction (HFREF), and almost conclusively ruled out
HFPEF.(7) The recent guidelines suggesting a combination of echocardiography
(demonstrating normal LVEF and LV diastolic dysfunction) and clinical signs and
symptoms of heart failure (preferably in accordance with the Framingham criteria) seems,
therefore, both appropriate and necessary to make a correct clinical diagnosis of HFPEF.

Despite limitations and inconsistency in the diagnosis of HFPEF, numerous reports in the
literature have provided valuable data regarding the condition. In the present review, we will
summarize these epidemiological studies. It should be noted, however, that HFPEF still
receives much less attention than HFREF (both in clinical care and in published guidelines),
perhaps because there is no clear mortality benefit associated with any pharmacological
treatment for the former.

Risk factors

It may be challenging to elucidate the relative contributions of one or more risk factors to
the overall burden of HFPEF in the community. Indeed, the prevalence of risk factors may
vary between individuals with HFPEF, and these risk factors likely interact (conjointly and
synergistically) to augment risk of developing HFPEF.(8) Overall, the most important risk
factors for developing HFPEF include hypertension,(9) older age, and female sex.(10,11)
Indeed, the prevalence of HFPEF in community-based settings increases rapidly with
advancing age, especially so in women, approaching 10% in women aged 80 years or more
in a recent Portuguese survey.(12) Other comorbidities frequently associated in HFPEF
patients and likely contributing to disease risk include coronary artery disease, atrial
fibrillation,(13) obesity,(14) and diabetes.(15) Reports of large-scale trials or clinical
databases with HFPEF patients have shown that hypertension is present in 50-90% of
patients with preserved ejection fraction, which is higher than its prevalence in the general
population, and somewhat higher than in patients with HFREF.(16—20) Although high blood
pressure is causally related to HFPEF incidence, a history of hypertension has shown to be
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associated with a neutral or paradoxical survival benefit after the onset of heart failure
patients.(21) Nonetheless, a history of hypertension has shown to be associated with high
mortality, especially among those with a restrictive LV filling pattern (the ultimate
consequence of hypertension and cardiac hypertrophy).(22)

In a general community, Lee et al. sought to clarify the etiology of incident heart failure
according to preserved (defined as LVEF =45%) or reduced ejection fraction (LVEF <45%)
in the Original and Offspring cohorts of Framingham Heart Study. Using a hierarchical
schema for attributing heart failure sequentially to different causes (weighting coronary
insufficiency highest followed by valve disease followed by hypertension), hypertension
was shown to be the primary cause of HFPEF in 36% of the cases; 37% and 11% of the
cases were attributable to coronary artery disease and valve disease, respectively, whereas
the remaining 16% were unclassified.(23) Several studies have supported the notion that
global myocardial ischemia may cause diastolic dysfunction and HFPEF.(24-26) Indeed the
active part of the myocardial relaxation has shown to be the most energy-consuming step of
the whole cardiac cycle. Consequently, ischemia initially affects LV diastolic function.(27)
Thus, it is not surprising that, especially in the presence of key risk factors such as diabetes
and hypertension, patients with stable coronary artery disease may develop HFPEF.(28) A
contributing reason for the high risk of HFPEF among elderly and women could be that
these demographic subsets often have microvascular heart disease (compared to younger
men who more often develop macrovascular heart disease and as a result have a greater
occurrence of HFREF).(29) This was recently confirmed in an analysis of the Framingham
Heart Study Original and Offspring cohorts, where men and women were at similar risks of
developing HFPEF, whereas men were at higher risk of developing HFREF and that this
excessive this risk was mainly related to interim myocardial infarction.(30) Similar findings
were recently demonstrated in the Prevention of Renal and Vascular End-stage Disease
(PREVEND) community-based cohort study (although women were reported to be at higher
risk of HFPEF compared with men in this study).(31) The incidence of HFPEF increases
rapidly with age.(32) For example, in a large Danish cohort study of consecutively
hospitalized heart failure patients between 2002 and 2003, the prevalence of HFPEF was
significantly higher among elderly patients compared with younger patients (53% vs. 36% in
patients below and above or equal to 85 years of age).(33)

Other conditions associated with an increased risk of HFPEF include sleep apnea,(34)
chronic obstructive pulmonary disease,(35) renal dysfunction,(31) dyslipidemia/cardiac
steatosis,(36) rheumatoid arthritis and other systemic inflammatory diseases,(37-40) and
select medications (especially antineoplastic therapy)(41) although the exact and
independent role of these contributing conditions to the risk of HFPEF remains to be
determined.

Subclinical disease measures and biomarkers relating to HFPEF

HFPEF may have a long preclinical phase, and the identification of subclinical disease by
echocardiography (LV hypertrophy and diastolic dysfunction) and biomarkers can help
identify those at high risk of HFPEF. Left ventricular diastolic dysfunction measured by
transthoracic echocardiography was demonstrated to be a very common and independent
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predictor of overt HFPEF in an asymptomatic sample of middle-aged to elderly individuals
in the Olmsted County Heart Function Study (24% and 39% had diastolic dysfunction at
baseline and after 4 years, respectively).(42) A separate report from Framingham confirmed
this association.(43) Moreover, echocardiographic LV hypertrophy in asymptomatic middle-
aged and elderly individuals was recently shown to be an independent long-term predictor of
HFPEF in the Framingham Heart Study, with age- and sex adjusted 10-year incidence rates
of heart failure corresponding to 0.77 (0.33-1.21) per 100 persons among those with normal
left ventricle, 1.57 (0.37-2.72) among those with concentric hypertrophy, and 2.11 (1.03-
3.14) among those with eccentric hypertrophy.(44) A recent study based on the Dallas Heart
Study cohort further showed that among asymptomatic individuals with hypertrophy those
with a particularly malignant subtype were characterized by elevated circulating levels of
troponin T and NT-proBNP.(45) As discussed in detail by Cheng et al., there are several
other circulating novel biomarkers that are associated with incident HFPEF and are
informative about the clinical course of disease, including GDF-15, cystatin C, resistin, and
galectin-3.(46)

Prevalence and Incidence of HFPEF

Whereas the incidence of HFPEF seems to be relatively stable, its prevalence may have
increased over the last couple of decades. The proportion of HFPEF among all heart failure
cases lies somewhere between 44% and 72%, with a suggestion of a temporal increase in the
proportion of HFPEF cases in recent years.(32) In 2010, a total of 1,023,000 people were
discharged with a primary diagnosis of heart failure from US hospitals.(47) This number
was unchanged as compared with the year 2000 and was higher than the numbers diagnosed
in the 1990’s.(47) Among patients admitted with decompensated heart failure to Mayo
Clinic Hospitals in Olmsted County, Minnesota, the proportion of patients with HFPEF was
shown to increase from approximately 38% in 1987 to 54% in 2001 — an increase that was
solely explained by an increase in numbers of admissions for HFPEF and not by a decrease
in numbers of individuals with HFREF.(48) During the same time period, the proportion of
heart failure patients who had hypertension, diabetes, or atrial fibrillation increased.(48)
This is consistent with the current global increases in the prevalence of hypertension,
obesity, diabetes, and atrial fibrillation, and underscores the importance of HFPEF as a
potential growing global public health problem.(49) A similar increasing trend in the
prevalence of HFPEF was recently demonstrated in a survey of 275 hospitals in the *‘Get
With the Guidelines—Heart Failure’ report from January 2005 to October 2010.(50) Based
on data from a sample of individuals in the Olmsted County, Rogers et al. reported that age-
adjusted incidence rates of overall heart failure between 1979 and 2000 were not declining
in either men or women.(51)

World Wide/Regional Incidence and Mortality Rates

In 2009, 1 in 9 death certificates (corresponding to 275,000 individuals) in the US had heart
failure registered as a primary or contributing cause of death.(47) A common belief has
however been that HFPEF is something you ‘die with” and not “die of’.(52) Indeed,
individuals with HFPEF often suffer from a significant burden of comorbidities. Yet, even
after adjustment of comorbid conditions, the mortality rates associated with HFPEF are
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higher compared with the background population of similar age. For example, data from the
Framingham Heart Study suggested that individuals with HFPEF and HFREF had a
comparable 4-fold increase in relative risk of death, compared with age-matched controls.
(53) Moreover, the survey from the Olmsted County showed that mortality rates of HFPEF
did not improve between 1987 and 2001, as opposed to improvement in the outcomes for
HFREF.(48) The most common cause of death in HFPEF has however been suggested to be
due to non-cardiovascular causes, perhaps supporting the notion that HFPEF is not
something one necessarily dies of, but more likely one dies with.(54) Yet, some uncertainty
remains in this area. A very recent review of contemporary epidemiological and clinical
randomized trials concluded that the majority of deaths were, indeed, of cardiovascular
causes (51-60% for epidemiological studies, and >70% in clinical randomized trials).(55)
Campbell et al. compared the mortality rates of patients from clinical HFPEF trials with
patients from clinical trials of other cardiovascular diseases and similar concluded that,
although having comparable prevalence of comorbidities, age, and gender, those with
HFPEF had significantly worse outcomes compared with patients from other cardiovascular
trials, suggesting that the high mortality rates seen for patients with HFPEF cannot be
completely explained by comorbidity burden.(56)

It is interesting to note that mortality rates for HFPEF have varied widely in different
reports, probably as a consequence of differences in diagnostic criteria and clinical settings
(population based vs. in hospitalization settings vs. clinical trials). Tables 2 and 3 summarize
selected characteristics and mortality of some of the most recent clinical trials and
population-based samples. Of note, the echocardiographic characteristics displayed rather
larger differences between the different samples. There were low to very low mortality rates
in these clinical trials, as compared with those reported in community based or
hospitalization settings. The Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) recently evaluated mortality rates in 41,972 patients, of which 10,347 (24.7%)
had HFPEF, from 18 observational and clinical trial studies.(16) There were 121 (95%
confidence intervals 117-126) deaths per 1000 person-years in the HFPEF group and 141
(138-144) deaths per 1000 person-years in the HFREF group. When excluding randomized
clinical trials, however, mortality rates were more similar for HFPEF and heart failure with
reduced ejection fraction, 146 (138-154) vs. 159 (154-165) deaths per 1000 person-years,
respectively.(16) Similar, in a French cohort of patients hospitalized for the first time with
heart failure, 5-year survival rates were not significantly different in patients with preserved
and reduced ejection fraction (43% vs. 46%, p=0.95).(57) Comparable high mortality rates
were also found in a Canadian survey of patients hospitalized with heart failure: 30-day
mortality rates were 5.3% vs. 7.1% (p=0.08), and 1-year mortality rates of 25.5% vs. 22.2%
(p=0.08) for patients with HFPEF and HFREF, respectively.(40) Yet, however, one meta-
analysis based on prospective observational studies, showed that the mortality of HFPEF
was only 50% that of HFREF.(58)Perhaps, prognosis in HFPEF and HFREF are more
similar once patients have been hospitalized.(55)

Comprehensive studies of worldwide trends in incidence, prevalence, and heart failure
related mortality are lacking, but HFPEF seems to be an increasingly common disease in
several parts of the “westernized” world. For example, heart failure is now a common
disease with significant impact on the health care system in several parts of Africa, because
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the rapid adaption to westernized living habits (i.e., sedentary lifestyle, consumption of fast-
food, and salt, with increasing prevalence of hypertension and obesity), despite the fact that
coronary artery disease is still rather uncommon in the African continent.(59)

Clinical Correlation

Summary

Patients with HFPEF seem to have comparable hospitalization rates to patients with HFREF.
(10) Because approximately 50% of all patients with heart failure have preserved ejection
fraction, about half of the total burden of heart failure costs is presumably due to HFPEF. In
2010, there were 1,801 million physician office visits with heart failure as the primary
diagnosis.(47) The number of emergency room visits due to heart failure was 668,000 and
the number of outpatient visits was 293,000 in 2009.(47) Further, the majority of
hospitalizations among heart failure patients (>50%) are known to be for non-cardiac causes
that were not included in the statistics above.(60) Although heart failure hospitalization rates
seem to have declined during the past decade (age-, sex-, and race-adjusted rates were
reported to be 2845 per 100,000 person-years in 1998, and 2007 per 100,000 person-years in
2008 (p<0.001) among Medicare beneficiaries),(61) the clinical and community burden of
heart failure is still high and is expected to be rising, because of the growing amount of
elderly individuals. The recent American Heart Association’s Heart Disease and Stroke
Statistics projections pointed towards an increase of almost 120% in total cost of heart
failure in US in 2030, as compared with 2013 (from 32 to 70 billion dollars).(47)

HFPEF still poses a diagnostic challenge and mortality rates associated with the condition
vary widely between clinical trials, epidemiological cohort studies, and hospitalization
settings, partly because of differences in diagnostic criteria. In community-based surveys the
prevalence of HFPEF approaches 10% for people >80 years of age; and incidence rates
seem stable in the face of a growing prevalence. The overall prognosis of patients with
HFPEF remains poor. Thus, prevalence as well as costs related to HFPEF is expected to
increase in the US as well as internationally. Given that HFPEF poses considerable societal
burden, efforts are warranted to reduce its burden through better control of modifiable risk
factors like hypertension, diabetes and obesity.
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Table 1

Framingham criteria for congestive heart failure (2 major, or 1 major + 2 minor criteria are required)

Major:

Paroxysysmal nocturnal dyspnea

Neck vein distension

Rales

Radiographic cardiomegaly

Acute pulmonary edema

Third sound gallop

Increased central venous pressure

Increased circulation time (=25 seconds)

Hepatojugular reflux

Pulmonary edema, visceral congestion, or cardiomegaly on autopsy
Weight loss 24.5 kg in 5 days in response to treatment of heart failure
Minor:

Bilateral ankle edema

Noctural cough

Dyspnea on ordinary exertion

Hepatomegaly

Pleural effusion

Decrease in vital capacity by 33% of maximal value recorded

Tachycardia (= 120 beats per minute)
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