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INTRODUCTION AND OVERVIEW*

Heart failure with preserved ejection fraction (HFpEF) currently 
represents one of the greatest unmet needs in Cardiology. Barely 25 
years ago, we did not believe that heart failure could exist in the presence 
of an apparently normal ejection fraction. We now know that HFpEF 
not only exists and can be diagnosed, but that it currently constitutes 
half the heart failure population in many parts of the world and will 
become the predominant type of heart failure in future. Furthermore, it 
is a highly morbid and deadly disease. Most significantly, our attempts 
to extrapolate proven therapies in heart failure with reduced ejection 
fraction (HFrEF) to this population have uniformly failed to improve 
outcomes in HFpEF, and in fact, this is a syndrome for which we still do 
not have any effective therapy.

The controversies surrounding HFpEF is reflected in the 
transition of nomenclature used to refer to it, from diastolic heart failure 
to heart failure with normal systolic function, heart failure with normal 
ejection fraction, and now heart failure with preserved EF.(1) This 
evolution also reflects our increasing understanding of this important 
syndrome.

Understanding HFPEF: An evolution of nomenclature
Perhaps the purest description of this syndrome was the first by 
Topol et al in 1985,(2) where the term “hypertensive hypertrophic 
cardiomyopathy of the elderly” was used to describe 21 elderly, 
predominantly female hypertensive patients with HF symptoms, 
left ventricular (LV) hypertrophy, high EF, and diastolic dysfunction. 
Robust epidemiologic evidence has confirmed that this is a condition 
predominantly affecting elderly hypertensive women. 
 The term “diastolic HF” was coined to underscore the hallmark 
of LV diastolic dysfunction seen in most, if not all, patients. The 
diastolic/systolic HF distinction became popular as it was easy to use, 
neatly divided the HF world into two halves, and reflected the leading 
pathophysiologic factor believed to cause each syndrome. However, 
population-based studies showed that LV diastolic dysfunction was 
present in a large proportion of adults without HF, and that patients 
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with “systolic HF” were even more likely to have diastolic dysfunction 
compared to patients with so-called “diastolic HF”. 
 Thus entered the term “HF with normal systolic function 
(HFNSF)” – a term that did not make assumptions regarding 
underlying disease mechanisms and could therefore accommodate 
emerging evidence of pathophysiologic processes extending beyond 
diastolic dysfunction to vascular, atrial, pulmonary, right-sided and non-
cardiovascular organ (eg renal) dysfunction. However, HFNSF was 
deemed suboptimal when it became apparent that systolic function 
was not necessarily normal in these patients, and that myocardial 
contractile dysfunction existed despite normal overall chamber pump 
function. 
 The term “HF with normal EF (HFNEF)” was then embraced 
and adopted in guidelines. However, EF is a continuous variable with 
a normal distribution within the population, and the threshold value to 
define “normal” versus “reduced” EF is arbitrary. Indeed, Framingham 
Heart Study participants with EF 40-50% were at greater risk of HF 
and death compared to those with EF>50%,(3) and distinct physiologic 
differences were described among Chinese with HF and EF>55% 
versus EF 40%-55%.(4) 
 Furthermore, the “normal” distribution shifts in the very 
population most affected by this syndrome: data from MESA(5) has 
shown that EF “normally” rises with age and is higher in women than 
men in the general population. The key issue is that EF is a fraction, 
which will increase as the heart remodels and the LV end-diastolic 
volume (denominator) shrinks out of proportion to the stroke volume 
(numerator). This begs the question, what is the normal EF in an elderly 
female patient who has HF? If “normal” is a higher EF in these patients, 
then by using an age- and sex- neutral cutoff of 50% to define HFNEF, 
we are effectively selecting for elderly women who actually have 
“relatively abnormal” EF for their age and sex. By extrapolation, this 
concept may apply to all individuals with smaller heart sizes (smaller 
LV end-diastolic volumes) – not just women (versus men) or those with 
concentrically remodeled ventricles (elderly, hypertensives), but also 
individuals of smaller body size in general.
 One may stop here and argue that we should not be looking 
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at EF in the first place.(1) However the most significant counter-
argument to this is that clinical trials using EF to stratify HF have 
revealed two phenotypes that respond differently to the same therapy: 
renin-angiotensin-aldosterone system blockade improves survival in 
HFrEF but not in HFNEF. Any classification that can guide treatment 
would be useful in clinical practice; a well-accepted example being 
the classification of myocardial infarction into ST-elevation versus 
non-ST-elevation myocardial infarction, as opposed to the outdated 
terminology Q-wave versus non-Q-wave myocardial infarction. 
Although we still have a long way to go before we understand the 
pathophysiologic differences between HFrEF and HFNEF as deeply as 
we do for ST-elevation versus non-ST-elevation myocardial infarction, 
recent studies have been revealing and continue to demonstrate 
differences at the cardiac chamber and ultra-structural levels, as well 
as the hemodynamic response to therapeutic interventions. Until we 
can effectively tease apart pathophysiologic subtypes in HF using a 
different classification system of proven utility for clinical management 
and targeted therapy, we are left with our current system of using EF.
Hence the case for the term “HF with preserved EF (HFpEF)”, which 
makes no assumptions regarding what a normal EF is, and is now 
used in current international guidelines. The papers that follow in this 
thesis adopts the prevailing paradigm at the time of writing, with the 
most recent papers using the term “HFpEF”. 

Overview of thesis
This thesis is structured in 4 parts: it starts with describing the 
epidemiology of HEpEF; progresses to an exploration of the potential 
pathophysiological mechanisms underlying HFpEF, and in-depth 
examination of why elderly hypertensive women are particularly at risk 
of HFpEF; and ends with a discussion of the clinical implications of 
current findings and important areas for future research.
 Following this introduction, chapter 2 describes the epidemiology 
of HFpEF, including both known and unknown elements of the 
prevalence, incidence, risk factors, clinical presentation, clinical course 
and prognosis of the syndrome. This chapter importantly forms the 
basis of understanding the patient population and identifying the gaps 
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in knowledge that need to be addressed in more in-depth mechanistic 
studies.
 In chapter 3, a unique approach is adopted in which epidemiologic 
data are used to interrogate mechanistic pathways underlying HFpEF. 
Here, population-based data from echocardiography and circulating 
biomarkers are used to characterize the cardiac structural changes, 
hemodynamic disturbances, and even systemic processes that 
contribute to HFpEF, by comparing HFpEF patients with age-, sex- and 
comorbidity- matched controls without heart failure.
 Chapter 4 combines the key observations of chapter 2 (striking 
female predisposition to HFpEF) and chapter 3 (role of ventricular-
vascular stiffening in HFpEF). By studying sex differences in HFpEF, 
further insights are provided into the central mechanisms that cause a 
predominant HFpEF phenotype in predisposed individuals, in contrast 
to a predominant HFrEF phenotype in other individuals (e.g. men with 
macrovascular coronary artery disease).
 Finally in chapter 5, the findings of chapters 2, 3 and 4 are 
brought to the patient’s bedside in a comprehensive discussion on the 
clinical implications for patient management, as well as identification of 
the key unanswered questions and remaining controversies that need 
to be addressed in future research.
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