PREVENTION UPDATE

Heart Failure With Preserved Ejection
Fraction: An Insight Into Its Prevalence,
Predictors, and Implications of Early
Detection

Muhammad Asrar ul Hag, FRACP," Chiew Wong, PhD, FRACP,">* David L. Hare, FRACP?3
'Department of Cardiology, The Northern Hospital, Melbourne, Australia; 2Department of Medicine, University
of Melbourne, Melbourne, Australia; 3 Department of Cardiology, Austin Health, Melbourne, Australia;
“Department of Cardiology, Western Health, Melbourne, Australia

Heart failure with preserved ejection fraction (HFPEF) is common, and at least half of
patients presenting with signs and symptoms of heart failure are found to have pre-
served left ventricular systolic function. They have high mortality and morbidity and
exert a substantial impact on health care costs worldwide. A range of conditions has
been shown to predispose individuals to development of diastolic dysfunction and
HFPEF. Chronic hypertension is the most common cause; it has been suggested that up
to 60% of patients with HFPEF are hypertensive. Coronary artery disease, obesity, and
diabetes are some of the other common contributory factors. Early detection of asymp-
tomatic patients identified as at risk of developing this syndrome has the potential to
reduce the risk of subsequent heart failure; this may be of benefit to focus our atten-
tion on prevention and intervention strategies in this population.
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Heart failure with normal ejection fraction

normal systolic function has been recognized,

it is only in the past 2 to 3 decades that a more
detailed understanding of diastolic heart failure
(DHF) syndrome has emerged, leading to insights
into the mechanics of diastology and limitations of
ejection fraction (EF). After large epidemiologic
studies provided evidence for the existence of this
type of heart failure, clinicians began to recognize

Although the possibility of heart failure with
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presentations of pulmonary edema and other heart
failure signs and symptoms without impaired sys-
tolic function. It is now well established that at least
half of patients with heart failure have preserved EE.

The term diastolic heart failure, as opposed to
systolic heart failure (SHF), was initially used to
denote this syndrome. This term provides a clean
distinction between the two phases of heart func-
tion, suggesting an impairment of either will lead to
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TABLE 1
Population Prevalence of HFPEF in Various Studies
Age Normal
Leading Sample Bracket Mean Systolic
Study Country  Year Size (N) (yy  Age = SD Function
Framingham  USA 1993 73 NR 73+8 EF=50%
Heart Study?
Helsinki Finland 1997 501 76-86 80 x4 FS=0.25
Ageing Study®
Morgan S UK 1999 817 70-84 76 = 4 Qualitative
et al®®
The Rotterdam  Netherlands 1999 5540 =55 69+86 FS>25%
Study*’
Yip GW et al® HongKong 1999 200 Allages 713 =1 EF=45%
Strong Heart ~ USA 2000 3184 47-81 58 =8 EF=54%
Study®
Cortina A Spain 2001 391 > 40 NR EF = 50%
et al*®
Hedberg P Sweden 2001 433 75 750 EF=43%
et al® or
WMI = 1.7
Cardiovascular USA 2001 4842 =65 78 =55 Qualitative
Health Study"
EPICA® Portugal 2002 5434 > 25 68.1 = EF=45%
15.1 or
FS > 28%
Redfield MM USA 2003 2042 =45 62.8 = EF=50%
et al* 10.6
Canberra Australia 2006 1388 60-85 68.9  EF >50%
Heart Study®
ADHERE'® USA 2006 105,388 Allages 71.8+ EF= 40%
13.8
OPTIMIZE-HF'>  USA 2007 41,267  Allages 72.7 = EF= 40%
13.7  orqualita-
tive

N

Percentage
Prevalence of HF With
Prevalence of HFPEF  Preserved
of HF (%) (%) EF
NR NR 51
8.2 4.2 51
8.1 5.5 68
3.9 2.8 71
NR NR 66
3.0 1.6 52
5.0 2.95 59
6.7 3.1 46
8.8 4.84 55
4.36 1.70 40
2.60 1.14 44
6.3 3.7 60
NR NR 50.4
NR NR 51.2

ADHERE, Acute Decompensated Heart Failure National Registry; EF, ejection fraction; EPICA, EPidemiologia da Insuficiéncia Cardiaca e Aprendizagem; FS, fractional
shortening; NR, not reported; OPTIMIZE-HF, Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure; SD, standard deviation;

WMI, wall motion index.

its respective type of heart failure.
This provides a good initial under-
standing of the difference between
pathophysiology and mechanics of
SHF and DHF; however, in practice

it is often not possible to differen-
tiate between the two. Both SHF
and DHF often coexist and overlap.
This led to the use of the term heart
failure with normal ejection fraction

(HENEEF), which has been adopted
in the most recent literature. This
term encompasses a more complex
process of the disease beyond dia-
stolic and contractile functions of
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Figure 1. Reported prevalence of HF and HFPEF by age group. EF, ejection fraction; EPICA, EPidemiologia da Insuficiéncia Cardiaca e Aprendizagem; HF, heart
failure; HFPEF, heart failure with preserved ejection fraction.

the heart, and classifies the disease
between clinical rather than patho-
physiologic entities. However, the
definition of normal EF is variable,
and different cutoffs have been used
in different studies and various
populations (Table 1); hence, the
term heart failure with preserved
ejection fraction (HFPEF) is now
being promoted. Three obligatory
conditions need to be satisfied to
diagnose HFPEEF: clinical signs and
symptoms of heart failure, normal
or mildly abnormal systolic func-
tion, and diastolic dysfunction.!
Interestingly, despite growing evi-
dence of its significance and high
prevalence, most existing manage-
ment recommendations are based
on information obtained from
patients with reduced (HFREF)
rather than preserved EF (HFPEF).?
To date, the results from various
drug trials have not been very suc-
cessful,’® highlighting the difference
in pathophysiology and possibly the

therapeutic targets to achieve simi-
lar clinical benefits as SHE.

How Common Is HFPEF?

Diastolic dysfunction has been
increasingly recognized as a major
factor in reduced exercise toler-
ance and symptoms of dyspnea,*’
both in HFREF and HFPEE*"
Prevalence of diastolic dysfunc-
tion and HFPEF varies markedly
depending on age, sex, and diagnos-
tic criteria; however, there is enough
evidence indicating that despite
overlap between the two, and their
interrelation in context of heart fail-
ure syndrome, DHF and SHF are
equally distributed in the popula-
tion, and they differ with regard to
the pathologic mechanisms, sex,
and age of those affected." "
Numerous studies have con-
firmed that at least half of patients
with heart failure have preserved
EF, and this segment of the heart
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failure population consists predom-
inantly of women, the elderly, and
people with hypertension and other
cardiovascular risk factors (ie, peo-
ple considered at risk of developing
cardiovascular disease).!'13%¢ The
prevalence of HFPEF within the
population varies from 1.14% to
5.5%, depending on age (Figure 1)
and other variables, such as diag-
nostic criteria and methods; when
younger age groups are excluded
and studies are confined to a pop-
ulation = 65 years, the prevalence
rises to between 3.1% and 5.5%
(Table 1).

Clinical Predictors and
Risk Factors for HFPEF

A range of conditions predisposes
individuals to development of dia-
stolic dysfunction and HFPEE!
Chronic  hypertension is the
most common cause; up to 60%
of patients with HFPEF may be
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hypertensive.” Coronary artery
disease is another common cause
of this condition. Obesity and dia-
betes also contribute independently
to the development of diastolic dys-
function; other conditions associ-
ated with diastolic dysfunction are
hypertrophic or restrictive cardio-
myopathies, valvular heart disease
(most commonly aortic stenosis
and mitral regurgitation), and—
rarely—restrictive cardiomyopathy.

Age

Age remains one of the most pre-
dictive factors of diastolic dysfunc-
tion. Age-related physiologic and
pathologic changes likely contrib-
ute to the development of diastolic
dysfunction.” Left ventricular (LV)
wall thickness increases, due to an
increase in the size of cardiac myo-
cytes and an increased deposition
of collagen,” leading to greater LV
stiffness and reduced compliance.
Left atrial size also increases with
age in otherwise healthy people.
Evidence suggests that the num-
ber of cardiac myocytes, which are
in the postmitotic phase, are also
reduced with aging.* The remain-
ing myocytes exhibit an alteration
in both phenotype and function.
Resulting hemodynamic changes
involve a decline in maximal heart
rate, cardiac output, and maxi-
mal oxygen consumption (VO,,).
Systemic vascular resistance is
increased with increased blood
pressure and afterload.>'*!

Hypertension

There is sufficient evidence sug-
gesting that hypertension is one of
the most important predictors of
diastolic dysfunction, in addition
to age and sex, and is one of the
most commonly associated car-
diovascular risk factors. Through
a variety of mechanisms, includ-
ing increased afterload, LV hyper-
trophy, myocardial fibrosis, and
impaired diastolic filling, hyper-
tension may lead to subsequent

heart failure. Epidemiologic stud-
ies have consistently shown up to a
threefold higher risk of developing
HFPEF in people with hyperten-
sion.""*? Diastolic dysfunction can
occur in hypertensive patients with
or without LV hypertrophy.* This
suggests that LV hypertrophy may
be a part of the process or an aggra-
vating factor but not necessarily the
mechanism of hypertensive etiol-
ogy of diastolic dysfunction.

Diabetes Mellitus

Diastolic dysfunction may be one
of the early signs of diabetic car-
diomyopathy.”* Zabalgoitia and
colleagues® studied the preva-
lence of diastolic dysfunction in
86 normotensive patients with
well-controlled type 2 diabetes
who were asymptomatic for isch-
emic heart disease or heart failure
and reported that 47% of subjects
had diastolic dysfunction, and all
had preserved EF. This important
study demonstrated the high prev-
alence of diastolic abnormalities in
people with diabetes at a young age
despite satisfactory apparent con-

associated with LV remodeling and
increased LV end-diastolic pressure
but not with EF. On echocardiog-
raphy, a higher BMI was associated
with increased LV mass, LV wall
thickness, and LV end-diastolic
diameter. These changes may be
in response to the increased stroke
volume required for higher meta-
bolic demands and indicate an
association of obesity with HFPEF.

Pulmonary Disease

Chronic pulmonary diseases with
chronic hypoxia, such as obstruc-
tive sleep apnea, obesity hypoven-
tilation syndrome, or chronic
obstructive pulmonary disease,
are not only associated with pul-
monary hypertension and right
ventricular dysfunction second-
ary to increased right ventricular
afterload,*>* but can also lead to
diastolic dysfunction. There are
studies suggesting that intrinsic
mechanisms are responsible for
diastolic dysfunction associated
with chronic hypoxia, in addition
to the mechanical effect of inter-
ventricular septal bulge secondary

( In patients with DHF, cardiovascular diseases (60%) are the leading

cause of death...

trol of the disease. Similar results
were reported by the Strong Heart
Study.*

Changes in myocardial metabo-
lism of glucose and fatty acids
may be responsible for structural
changes in myocardium, including
myocyte hypertrophy, increased
collagen  deposition,  intersti-
tial fibrosis, and intramyocar-
dial microangiopathy.® All these
changes lead to diastolic dysfunc-
tion and HFPEF.

Obesity

Increased body mass index (BMI)
is associated with diastolic abnor-
malities.””® Powell and col-
leagues® reported that obesity was

to increased right ventricular pres-
sure.”>” The exact mechanisms
leading to DHF in people with
obstructive sleep apnea are not
clear. It is possible that increased
nocturnal blood pressure and sym-
pathetic activity contribute to the
underlying mechanism.***

Why Is Early Detection

Important?

It is now well established that the
morbidity and mortality associ-
ated with HFPEF is much higher
than in the healthy population.’
Several studies have reported an
annual mortality rate ranging from
5% to 8%,">* which is much higher
than that of age-matched control
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subjects.®*" Some studies have
reported a 1-year hospital readmis-
sion rate approaching 50%.%>*' In
patients with DHF, cardiovascular
diseases (60%) are the leading cause
of death, including sudden cardiac
death (26%), heart failure (15%),
myocardial infarction (5%), and
stroke (9%), followed by noncar-
diovascular (30%) and unknown
causes (10%).*?

The etiology of HFPEF plays
a major role in its prognosis and
associated mortality. Commonly
associated comorbidities, such as
hypertension, diabetes, and obe-
sity, and their management, have
the potential to affect clinical out-
comes. Given the accumulated data
of various studies, it appears that
all-cause mortality of heart fail-
ure patients in the community is
similar whether or not their EF is
above or below 50%. Likewise, all-
cause annual mortality for HFPEF
or HFREF patients admitted with
acute decompensated heart failure

of abnormal heart structure or
function can be confirmed using
complementary methods such as
echocardiography, and is associ-
ated with increased risk of adverse
cardiovascular events, including
atrial fibrillation (AF).*

Correa de Sa and associates*® have
analyzed the echocardiographic
data of 82 patients with moderate
or severe diastolic dysfunction and
preserved EF by Doppler criteria
using the echocardiographic data-
base, and have suggested a moderate
degree of progression to develop-
ment of symptoms and cardiac hos-
pitalizations over 2 years in this
patient population. The beginning
of follow-up was defined as first
echocardiogram with EF > 50%
and moderate or severe diastolic
dysfunction. The primary endpoint
was the time to the development of
(1) heart failure according to the
Framingham criteria or (2) any
symptoms of dyspnea, edema, or
fatigue that was a chief complaint

Age is by far the strongest predictor of mortality in HFPEF. \

is similar, and very high. It is likely
that older age and related multiple
noncardiovascular  comorbidities
in people with HFPEF contribute
disproportionately to their high
all-cause mortality, although this
remains unconfirmed.

Development of Symptoms

in Asymptomatic Diastolic
Dysfunction

The American Heart Association/
American College of Cardiology
(AHA/ACC) classification of heart
failure defines stage B as patients
with abnormal heart structure and/
or function without clinical symp-
toms.* This stage of heart failure
is also termed asymptomatic or
preclinical ~ diastolic ~ dysfunction
(PDD) that may progress to symp-
tomatic heart failure. The evidence

and not explained by another medi-
cal condition. The secondary end-
point was cardiac hospitalization.
Mean follow-up was 721 days. The
authors found a cumulative prob-
ability of development of heart fail-
ure according to the Framingham
criteria was 1.9%; however, a cumu-
lative probability of development
of any symptoms was 31.1%. The
cumulative probability for cardiac
hospitalization was 21.2%. It was
also noted that peripheral vascu-
lar disease and hypertension were
independently  associated  with
increased likelihood for the devel-
opment of symptoms.

Clinical Predictors of Poor
Prognosis

Age is by far the strongest predic-
tor of mortality in HFPEF.>'>* In
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patients over age 70, mortality rates
for DHF approach those of SHF?; the
approximate 5-year mortality rate
in patients who were < 50 years was
reported to be 15%, for those age 50
to 70 years was 33%, and for those
> 70 years was 50%.

O’Connor and associates' pro-
spectively evaluated 2498 consecu-
tive patients with HFPEF and found
the independent predictors of mor-
tality using a multivariable Cox
proportional hazard model were as
follows: (1) age, (2) New York Heart
Association class IV symptoms,
(3) EF, (4) coronary artery disease
index, (5) diabetes, (6) peripheral
vascular disease, and (7) minority
ethnic group.

In another study, the Digitalis
Investigation Group* employed
survival analyses to identify the pre-
dictors of mortality in 988 patients
with HFPEF (EF > 45%) and rec-
ognized older age and male sex as
important predictors of death. The
overall 3-year mortality rate in this
primarily ambulatory population
was 23%. Among the 18 possible
clinical predictors, the strongest
independent predictors of death in
this study included (1) glomerular
filtration rate (hazard ratio [HR]
1.50; 95% confidence interval [CI],
1.35-1.67; P < .0001), (2) New York
Heart Association functional class
IIT or IV (HR 1.64; 95% CI, 1.20-
2.18; P = .0011), (3) male sex (HR
1.71; 95% CI, 1.26-2.32; P = .0005),
and (4) older age (HR 1.28; 95% CI,
1.08-1.50; P = .0019).

Atrial Fibrillation

AF is common in HFPEF patients,
with a prevalence of up to 41%.*®
Presence and severity of diastolic
dysfunction are independently pre-
dictive of first documented non-
valvular AF in the elderly.” The
prognostic implications of loss of
atrial-kick effect in people with
HFPEF and chronic AF remain
controversial.
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TABLE 2

Stage A

Structural heart No structural heart

disease disease but high risk
of developing HF

Signs or No signs or

symptoms symptoms

Associations and ~ Hypertension, ath-
erosclerosis, diabetes,
obesity, metabolic
syndrome, cardiotox-
ins, family history of
cardiomyopathy
Awareness, early
detection, timely
intervention for risk

factor management

clinical identifiers

Recommenda-
tions

Interval Change: Development of Structural Heart Disease

Stages of Heart Failure and Their Characteristics

Stage B

Developed structural heart
disease that is strongly as-
sociated with the develop-
ment of HF

No signs or symptoms

Previous myocardial
infarction, LV remodel-
ing, LVH, asymptomatic
valvular disease

Interval Change: Development of HF Signs and Symptoms

Reducing the risk of ad-
ditional myocardial injury,
controlling the progres-
sion of LV remodeling

therapy

Stage C

Underlying struc-
tural heart disease

Shortness of
breath, fatigue,
reduced exercise
tolerance

Known structural
heart disease with
signs and symp-
toms of HF

Optimal medical

Stage D

Advanced structural
heart disease

Marked symptoms of HF
at rest despite maximal
medical therapy

Symptoms despite
medical therapy requiring
specialized interventions

Interval Change: Refractory Symptoms

Advanced support includ-
ing consideration for
heart transplant, chronic
inotropes, permanent
mechanical support;
compassionate end of
life care/hospice may be
appropriate

HF, heart failure; LV, left ventricular; LVH, left ventricular hypertrophy.

Data from Hunt SA et al.*®

A meta-analysis of 16 studies for
the prognostic significance of AF
in heart failure involving 53,969
patients suggested that the presence
of AF was associated with an adverse
prognosis in heart failure irrespec-
tive of LV systolic function.”

Anemia

Anemia is an independent pre-
dictor of survival in patients with
DHE*"* The exact underlying
mechanisms causing anemia in
patients with heart failure are
not well understood. Some of the
proposed etiologic mechanisms
include  hemodilution  causing
pseudoanemia, defective iron uti-
lization, renal dysfunction, insuf-
ficient erythropoietin production,
and anemia of chronic disease.*
Future studies are warranted in

order to evaluate the potential
benefit of aggressively managing
treatable anemia in patients who
have DHF. Management options
include etiology and a symptom-
based approach, such as iron sup-
plementation for iron deficiency,
transfusions for myelofibrosis, and
recombinant erythropoietin ther-
apy for patients who have refrac-
tory anemia and DHF.

Implications of Early Detection
The recent AHA/ACC guidelines®
classify heart failure into four
stages based on structural abnor-
mality and damage to the heart
muscle (Table 2):

Stage A: At high risk for devel-
oping heart failure. No identified
structural or functional abnor-
mality; no signs or symptoms.

Stage B: Developed structural
heart disease that is strongly
associated with the development
of heart failure, but without
signs or symptoms.

Stage C: Symptomatic heart fail-
ure associated with underlying
structural heart disease.

Stage D: Advanced structural
heart disease and marked symp-
toms of heart failure at rest despite
maximal medical therapy.

The above-mentioned condi-
tions associated with an increased
risk of structural heart disease can
be identified before patients show
any evidence of structural abnor-
malities. These patients with risk
factors are labeled as high-risk for
HFPEF. Early detection and modi-
fication of many of these factors
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have the potential to reduce the risk
of heart failure. Appropriate medi-
cal interventions to these patients
(Stage A) can be the first step to
reduce the impact of heart failure
on the community. Asymptomatic
patients with ventricular dilatation
and reduced EF carry a substan-
tially higher risk for subsequent
morbidity and mortality than the
general population; however, there
are no data available looking spe-
cifically at people with high risk
of diastolic dysfunction. It would
be beneficial to evaluate the risk
of their subsequent development
of diastolic dysfunction and form
strategies to identify such patients
early by aggressive screening for
appropriate and timely interven-
tion. However, a routine periodic
echocardiographic assessment of
these patients has not been recom-
mended at this stage.

Similarly, Stage B (PDD) patients
who don’t have heart failure symp-
toms but have evidence of diastolic
dysfunction are at considerable
risk for developing HFPEF. In
patients with no symptoms but
with evidence of structural heart
disease, the incidence of heart fail-
ure can be decreased by reducing
the risk of additional injury and by
controlling the progression of LV
remodeling.’

Conclusions

HFPEF is common and at least
half of patients with heart failure
have preserved EF. They also have
high mortality and morbidity.
Asymptomatic patients identified
as at risk of developing this syn-
drome may be a population on
whom to target our prevention and
intervention strategies. |

The authors report no real or apparent conflicts
of interest.
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