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Abstract The prevalence of heart failure (HF) and its sub-
type, HF with preserved ejection fraction (HFpEF), is on the
rise due to aging of the population. HFpEF is convergence of
several pathophysiological processes, which are not yet clear-
ly identified. HFpEF is usually seen in association with sys-
temic diseases, such as diabetes, hypertension, atrial fibrilla-
tion, sleep apnea, renal and pulmonary disease. The propor-
tion of HF patients with HFpEF varies by patient demo-
graphics, study settings (cohort vs. clinical trial, outpatient
clinics vs. hospitalised patients) and cut points used to define
preserved function. There is an expanding body of literature
about prevalence and prognostic significance of both cardio-
vascular and non-cardiovascular comorbidities in HFpEF pa-
tients. Current therapeutic approaches are targeted towards
alleviating the symptoms, treating the associated comorbid
conditions, and reducing recurrent hospital admissions. There
is lack of evidence-based therapies that show a reduction in
the mortality amongst HFpEF patients; however, an improve-
ment in exercise tolerance and quality of life is seen with few

interventions. In this review, we highlight the epidemiology
and current treatment options for HFpEF.

Keywords Diastolic heart failure . Epidemiology . Preserved
ejection fraction . Prevalence

Introduction

Heart failure (HF) is a complex clinical syndrome where
structural or functional abnormalities of the heart compromise
its ability to fill with or eject sufficient blood to meet the
metabolic requirements of the body [1]. HF results in a classic
array of clinical signs and symptoms arising due to circulatory
insufficiency during normal exertion as well as pulmonary or
systemic venous congestion [2]. It affects about 2 % of adult
population in the developed nations, and nearly 500,000 new
cases are diagnosed each year in the USA [3]. The prevalence
of HF increases with age, from 1 % amongst people less than
50 years to as much as 13 % amongst octogenarians and older
[4••]. Its subtype, heart failure with preserved ejection fraction
(HFpEF), has been observed to become more common with
aging, and it is expected that this number is only going to
increase as projected by the increase in life expectancy and by
the population growth projections. It is estimated that HFpEF
constitutes nearly half of the HF patients [5]. In comparison
with the heart failure with reduced ejection fraction (HFrEF),
the overall prognosis of HFpEF patients is similar to those of
HFrEF with a higher degree of repeat hospitalizations in the
former group. This points towards the existence of critical
gaps in our understanding of the molecular pathways involved
in the disease process and potential interventional targets [6••].
Further, while more than half of the deaths amongst HFpEF
patients are attributed to cardiovascular causes (30 % of all
being sudden), about one-third deaths have non-
cardiovascular causes [7••]. Due to its complexity and lack
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of successful therapeutic targets thus far, there is a need for
research oriented towards healthy aging and prevention of
HFpEF through early control of its risk factors. In this review,
we discuss the epidemiology and therapeutic options for
HFpEF and contrast them with HFrEF.

Diagnosis and Classification

The diagnosis and classification of HFpEF remain challeng-
ing. There are several criteria to define HF and they have poor
concordance [8] and majority of them do not include bio-
markers or echocardiographic data [9•]. Historically, systolic
HF or HFrEF has been the focus of both clinical studies and
trials and its most common risk factors remain atherosclerosis
and the ensuing ischemic insult to the myocardium. However,
with recent epidemiologic studies showing a rise in the pro-
portion of HF patients with apparently preserved ejection
fraction [10••], the HFpEF has increasingly gained wider
recognition. Although both HFpEF or HF with normal ejec-
tion fraction (HFnEF) have been used interchangeably, the
term preserved ejection fraction may not be completely nor-
mal but only relatively so [11••], thus, the termHFpEF is more
appropriate. Diastolic dysfunction constitutes the mainstay
pathophysiological finding in HFpEF patients, and, thus, for
this reason, diastolic heart failure was used to define the same
syndrome. Recently, there has been a movement away from
using this terminology owing to the fact that some degree of
systolic dysfunction may also coexist in these patients [5], and
the diastolic dysfunction in HFpEF patients may not be higher
than age-matched sedentary controls and is not the target for
intervention [12]. Further, an improved classification using
echocardiographic measures and biomarkers may be needed
to differentiate it from other entities such as non-cardiac
dyspnea, valvular heart disease, or pericardial diseases
[12–14]. Several cutoff values, prominently either greater than
40 or 50 %, have been used to define a preserved EF. More-
over, categorization of HFpEF using an EF cut point is not
stable over time. During the follow-up of many years, EF
declined on average by 5.8 % per 5 years and at least two
fifths of HFpEF patients had reduced EF at some point during
a mean follow-up of 3 years and vice versa [15•].

Lastly, according to the AHA guidelines, recovered EF is
defined as a rise in the EF to greater than 40% in a patient who
previously had reduced ejection fraction [11••]. A recent study
reported that approximately 70 % of patients diagnosed with
HFpEF had reduced ejection fraction in the past and that the
diagnosis of HFpEF in these patients is thus erroneous [16].
Also, it has been suggested that the patients with recovered
ejection fraction significantly differ from the patients with
HFpEF or HFrEF in terms of baseline characteristics as well
as long-term prognosis [16, 17]. This might have an important
bearing on the actual prevalence as well as important

prognostic factors in patients presently being diagnosed as
having HFpEF.

Two major criteria for diagnosing HFpEF have been pro-
posed. First criteria by Vasan et al. suggested a triad of (1)
signs and symptoms of congestive HF, (2) LVEF >50 %
measured within 72 h of presentation and (3) diastolic dys-
function as evidenced by cardiac catheterization as necessary
condition [18]. This criterion has practical limitations as dem-
onstration of preserved EF within 72 h may not be feasible in
clinical practice and the need of cardiac catheterization to
demonstrate diastolic dysfunction has been questioned [19].
Themore recent diagnostic criteria by the European Society of
Cardiology suggested three conditions: (1) clinical evidence
of congestive HF, (2) presence of normal or near normal LV
systolic function and (3) establishment of LV diastolic dys-
function using either of the three methods, plasma natriuretic
peptide levels or Doppler echocardiography or cardiac cathe-
terisation [20].

Prevalence and Incidence

The prevalence of HFpEF amongst patients hospitalised for
HF varies widely from 32 to 52% (Fig. 1). This wide variation
is primarily attributed to the different cutoff values of normal
EF in different studies [21], though study population and
settings are contributory too. The issue of missing EF is not
often addressed in the registries, and these patients are more
likely to have preserved EF and the proportion of HFpEF
patients using an EF of ≥40 % as benchmark may be close
to 50 % [22••, 23]. Clinical trials may have slightly selective
samples and are not included in above estimates. Data from
the Atherosclerosis Risk in Communities (ARIC) study sug-
gest that around 850,000 cases of new heart failure are diag-
nosed every year in the USA of which half may have HFpEF
[24]. In the general adult population of a developed country,
the prevalence of HFpEF may be around 1.1 % [25]. More-
over, the prevalence has increased almost linearly over the last
few decades. The relative proportion of patients with HFpEF
in a large study in Olmsted County, mostly Caucasians,
showed an increase during the 15-year period, from 38 % in
1987 to 54 % in 2001 [10••] In addition, the prevalence has
been found to vary with age and gender. A large community-
based study found that the prevalence of HFpEF increased
from 0 % in males and 1 % in females in the age group of 25–
49 years to 4–6 % in males and 8–10 % in females above
80 years, indicating an obvious rise in the prevalence with
increasing age but additionally a higher prevalence amongst
females as compared to age-matched males [26•].

Similar to the prevalence, the incidence of HFpEF in-
creases with age, from 20 per 1000 persons in a 60–65-year
age group to 80 per 1000 persons who are above 85 years of
age [27]. The Framingham Heart Study reported temporal
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trends in the incidence of HF over a period of 50 years, from
1950 to 1999, which have remained relatively constant
amongst males and have declined in females [28•]. However,
more studies are required to delineate the incidence rates and
temporal trends of HFpEF.

Demographics and Risk Factors

Large population-based studies have described the demo-
graphic factors in patients with HFpEF. Patients with HFpEF
as compared to HFrEF patients are usually older and are more
commonly females [29, 30]. Though the association of
HFpEF with any particular ethnicity has not been clearly
established, however, a small cohort study amongst the HF
patients showed that the South Asians were more likely to
have preserved EF as compared to the Whites [31]. In addi-
tion, it has been shown that ethnicity may influence the
disease course and final outcome in the patients with HFpEF.
In the above context, a study comprising HFpEF patients
suggested that African Americans may have higher 5-year
mortality than whites [32].

Table 1 summarises the various comorbidities seen in
patients with HFpEF. Hypertension (60–80%), ischemic heart
disease (35–70 %), diabetes (20–45 %) and atrial fibrillation
(15–40 %) are the common comorbidities (Fig. 2). Lifestyle
issues such as obesity and cigarette smoking are common too.
Worse outcomes are seen in patients with chronic obstructive
lung disease (31 %) and renal insufficiency (26 %) [22••].
Comorbid conditions especially renal insufficiency and atrial
fibrillation may be less common in randomised controlled
trials than hospital-based registries due to exclusion criteria.

Traditional risk factors such as hypertension, diabetes
mellitus and ischemic heart disease have been associated with
a higher incidence of HFpEF [51–53]. Effects of hypertension
on myocardial elasticity, vasculature and micro vessel may
contribute to poor LV compliance and are risk factors for

ischemic heart disease and arrhythmia such as AF which is
usually seen in patients with HFpEF. Hypertensionmay be the
strongest and most prevalent modifiable risk factor to prevent
HFpEF. Diabetes mellitus and insulin resistance have been
implicated in adverse cell signalling, myocardial apoptosis,
fibrosis and changes in vasculature, thus contributing to
HFpEF [54]. Myocardial ischemia facilitates the upregulation
and activation of the fibroblasts in the cardiac wall that lead to
fibrosis of the wall and hence reduced diastolic filling of the
ventricles [55, 56]. It has been proposed that to define HFpEF
appropriately, ischemia should be excluded as a cause or
contributor. Lastly, arrhythmias such as atrial fibrillation
(AF) are common and may have important influence on
exercise capacity and decompensation [57]. Though echocar-
diographic focus has been on LV diastology using tissue
Doppler, the presence of pulmonary hypertension and right
ventricular dysfunction (RVD) is frequent and is associated
with poor outcome in HFpEF patients [58•].

Hospitalisation

Hospitalisation marks as an important landmark in the natural
disease course of HF as these patients are likely to be
predisposed to a higher risk than the outpatient HF patients
[59]. It serves as a harbinger of future increased risk of re-
hospitalizations, morbidity and mortality [60]. Amongst the
overall HF patients, the total hospitalizations, length of stay in
the hospital as well as the in-hospital mortality have shown a
constant decline over the last decade [61]. Nevertheless, the
rates of subsequent readmission and post-discharge mortality
have remained high [62].

Based on the large HFpEF trials, it can be inferred that the
patients with HFpEF have lower hospitalisation rates than
those with HFrEF [63•]; however, in a community-based
cohort with similar NYHA class, HFpEF has higher rates of
re-hospitalisation [10••]. Furthermore, HFrEF patients have
nearly 1 % absolute higher in-hospital mortality rate than
HFpEF patients [22••, 23]. The mean length of stay in the
hospital (approximately 5–6 days) may not differ between
HFpEF and HFrEF [22••, 23]. The rates of re-hospitalisation
and post-discharge mortality amongst the patients with
HFpEF have been estimated as 30 and 10 %, respectively, at
2–3 months post-discharge follow-up [23].

Mortality

HFpEF patients have a considerable annual mortality rate,
ranging from 10 to 30 % [64]. Two large population-based
studies followed the disease course of the HF patients after
discharge from the hospital. In the Olmsted County HF co-
hort, mortality rates in HFpEF (29%) were only slightly better

Fig. 1 Proportion of heart failure patients with preserved ejection frac-
tion based on heart failure registries. EF ejection fraction, GTWG Get
with the Guidelines, ADHERE-I ADHERE International, JCARE-CARD
Japanese Cardiac Registry of Heart Failure in Cardiology

356 Curr Heart Fail Rep (2014) 11:354–365



T
ab

le
1

E
pi
de
m
io
lo
gy

an
d
co
m
or
bi
di
tie
s
in

H
Fp

E
F

A
ut
ho
r/
ye
ar

C
ou
nt
ry

N
um

be
r

% H
F
pE

F
%

E
F

cu
to
ff

M
ea
n

ag
e

% fe
m
al
es

% H
T
N

% D
M

% O
be
si
ty
/

B
M
I

(k
g/
m

2
)

% IH
D

%
A
.

F
ib

%
R
en
al

im
pa
ir
m
en
t

%
A
na
em

ia
/

m
ea
n
H
B

M
or
ta
lit
y

%
R
ea
dm

is
si
on

H
F
R
eg
is
tr
ie
s

M
ac
C
ar
th
y
[3
3]

(U
K
-H

ea
rt
)

/2
00
3

U
K

52
2

31
.2

≥5
0

62
.5

28
6

–
–

76
–

–
–

25
%

(5
ye
ar
s)

–

K
la
ph
ol
z
[3
4]

(N
ew

Y
or
k-
H
F)

/2
00
4

U
SA

61
9

10
0

≥5
0

71
.7

73
78
.2

45
.9

46
.2

43
.1

23
.4

4.
5
(D

)
M
=
11
.8

4.
2
%

(i
n
ho
sp
ita
l)

–

Y
an
cy

[2
2•
•]

(A
D
H
E
R
E
)

/2
00
6

U
SA

52
,1
87

50
.4

≥4
0

73
.9

62
77

45
–

50
21

26
–

2.
8
%

(i
n
ho
sp
ita
l)

–

Fo
na
ro
w
[2
3]

(O
P
T
IM

IZ
E
-

H
F)

/2
00
7

U
SA

41
,2
67

51
.2

≥4
0

75
.1

62
76

38
–

38
33

–
–

2.
9
%

(i
n
ho
sp
ita
l)

9.
5
%

(3
0
da
ys
)

29
.2
(b
et
w
ee
n
60

an
d
90

da
ys
)

H
am

ag
uc
hi

[3
5]

(J
C
A
R
E
-C
A
R
D
)

/2
01
2

Ja
pa
n

32
3

52
.3

≥4
0

77
.5

45
58

25
.6

–
–

43
.4

–
–

–
–

St
ei
nb
er
g
[3
6•
]

(G
T
W
G
)

/2
01
2

U
SA

11
0,
62
1

36
≥5

0
78

63
80

46
33

44
34

52
,5
.1
(D

)
22

%
2.
5
%

(i
n
ho
sp
ita
l)

W
es
t[
37
]

(A
D
H
E
R
E
-I
)

/2
01
1

A
si
a
Pa
ci
fi
c
an
d

L
at
in

A
m
er
ic
a

92
08

45
.7

≥4
0

71
54
.7

67
.8

44
.2

–
42
.4

30
.8

21
.5
,1
.3
(D

)
57

%
0.
5–
8.
5
%

(i
n
ho
sp
ita
l,

va
ri
ab
le
be
tw
ee
n

di
ff
er
en
tc
ou
nt
ri
es
)

–

S
en
ni

[3
8]

(I
N
-H

F)
/2
01
4

It
al
y

16
69

22
.6

≥5
0

75
60

70
.3

39
–

–
52
.5

25
.2

M
=
12
.1

48
.7

%
(<
12
)

4.
5
%

(3
0
da
ys
)

9.
6
%

(9
0
da
ys
)

19
.6

%
(1

ye
ar
)

13
.4
(9
0
da
ys
)

29
.2
(1

ye
ar
)

R
an
do
m
is
ed

co
nt
ro
lle
d
tr
ia
ls

Y
us
uf

[3
9]

(C
H
A
R
M
-

Pr
es
er
ve
d)

/2
00
3

26
co
un
tr
ie
s

30
23

10
0

>
40

67
.2

40
.1

64
.3

28
.3

38
44
.3

29
.1

–
–

11
.2

%
(3

ye
ar
s)

–

A
hm

ed
[4
0]

(D
IG

-P
E
F
)

/2
00
6

U
SA

,C
an
ad
a

98
8

10
0

>
45

67
41

59
.7

28
.8

34
, M
=
29

49
.5

–
–

–
23
.4

%
(3
7
m
on
th
s)

–

C
le
la
nd

[4
1]

(P
E
P-
C
H
F)

/2
00
6

E
ur
op
ea
n

co
un
tr
ie
s

85
0

10
0

>
40

76
55

79
20
.6

M
=
27
.5

26
.6

20
.2

–
–

–
–

Y
ip

[4
2]
/2
00
8

H
on
g
K
on
g

15
0

10
0

>
45

74
62

74
20

M
=
27

15
.3

16
–

11
.3
(1

ye
ar
)

M
as
si
e
[4
3]

(I
-

P
R
E
S
E
R
V
E
)

/2
00
8

25
co
un
tr
ie
s

41
28

10
0

≥4
5

72
60

88
.4

27
.4

41
71
.1

29
.3

30
.2

12
.5

%
52
.5

(1
00
0
pa
tie
nt

ye
ar
s)

Curr Heart Fail Rep (2014) 11:354–365 357



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r/
ye
ar

C
ou
nt
ry

N
um

be
r

% H
F
pE

F
%

E
F

cu
to
ff

M
ea
n

ag
e

% fe
m
al
es

% H
T
N

% D
M

% O
be
si
ty
/

B
M
I

(k
g/
m

2
)

% IH
D

%
A
.

F
ib

%
R
en
al

im
pa
ir
m
en
t

%
A
na
em

ia
/

m
ea
n
H
B

M
or
ta
lit
y

%
R
ea
dm

is
si
on

V
el
dh
ui
se
n
[4
4]

/2
00
9

11
E
ur
op
ea
n

co
un
tr
ie
s

21
11

36
>
35

76
.1

49
.9

77
.7

24
.3

–
76
.9

36
–

–
14
.2

%
(2
1-
m
on
th
s)

–

P
itt

[4
5]

(T
O
P
C
A
T
)

/2
01
4

6
co
un
tr
ie
s

34
45

10
0

≥4
5

68
.7

51
.6

–
–

M
=
31

–
–

–
–

9.
8
%

(3
.3

ye
ar
s)

–

Po
pu
la
tio

n
ba
se
d
st
ud
ie
s

B
ur
si
[4
6]

/2
00
6

O
lm

st
ed

C
ou
nt
y,

U
S
A

55
6

55
≥5

0
77
.4

57
86

36
M
=
29
.6

36
31

11
53

%
16

%
(6

m
on
th
s)

–

L
ee

[4
7]
/2
00
9

U
SA

53
4

41
>
45

80
65

59
22

M
=
27

37
29

–
M
=
12
.4

74
%

(5
ye
ar
s)

–

B
ro
uw

er
s
[4
8]

/2
01
3

U
SA

37
4

66
≥5

0
63

52
75
.8

12
.2

32
, M
=
29

19
.5

5
12
.9 (<
60

%
)

–
–

–

H
os
pi
ta
lB

as
ed

st
ud
ie
s

O
w
an

[1
0•
•]

/2
00
6

O
lm

st
ed

C
ou
nt
y,

U
S
A

45
96

47
≥5

0
74
.4

55
.7

62
.7

33
.1

41
.4
,

M
=

29
.7

52
.9

41
.3

–
M
=
11
.8

29
%

(1
ye
ar
)

65
%

(5
ye
ar
s)

–

B
ha
tia

[6
••
]

/2
00
6

C
an
ad
a

24
50

31
>
50

75
.4

65
.7

55
.1

31
.7

–
35
.5

31
.8

1
(D

)
21
.1

%
5.
3
%

(3
0
da
ys
)

22
.2

%
(1

ye
ar
)

4.
5
(3
0
da
ys
)

13
.5
(1

ye
ar
)

A
da
ba
g
[4
9]

/2
01
2

U
SA

22
03

36
>
45

70
.3

62
74

32
–

52
33

–
M
=
12

19
.8

%
(1

ye
ar
)

52
.2

%
(5

ye
ar
s)

C
hu
n
[5
0]

/2
01
2

U
SA

36
38

32
.7

>
45

77
.9

–
56
.1

32
.3

–
–

37
.6

1.
1
(D

)
–

20
5.
1

(1
00

pe
rs
on

ye
ar
s)

358 Curr Heart Fail Rep (2014) 11:354–365



than HFrEF (32 %). The Canadian EFFECT study found
similar 30-day and 1-year survival rates by EF subgroups
[6••]. Furthermore, during the study period of 15 years, al-
though the post-discharge mortality rates declined for the
patients with HFrEF, they remained nearly constant for the
patients with HFpEF [10••]. These large cohort studies sug-
gested that themortality rates in HFpEF are nearly comparable
to those with HFrEF. On the other hand, one of the largest
recent meta-analysis compared the mortality rates in the two
sub-groups of HF patients and found that HFpEF had 50 %
lower hazards of mortality when compared to HFrEF [65••,
66]. The above differences may be partially attributed to
selection bias in trials and need evaluation by population- or
patient-based registries.

The causes of death in the HF patients can broadly be
attributed to the cardiovascular and non-cardiovascular
causes. The cardiovascular causes of death include pump
failure, myocardial infarction, sudden cardiac death and
cerebrovascular accidents while the non-cardiovascular
deaths occur due to renal failure, chronic obstructive
pulmonary disease, respiratory failure, cancer and infec-
tions [35]. It is established that when compared to HFrEF,
the patients with HFpEF are older and accordingly have a
higher burden of comorbid diseases [6••]. This offers an

explanat ion for the higher prevalence of non-
cardiovascular deaths in HFpEF [67]. The cause-specific
mortality estimates show that the non-cardiovascular
causes of death constitute nearly 30 to 50 % of all deaths
in HFpEF patients while only 15–18 % in HFrEF patients
[7••, 35]. Of note, the clinical trials report a lower pro-
portion of non-cardiovascular deaths than do most of the
population-based studies, owing to the fact that healthier
subjects with lesser comorbid diseases are recruited in the
trials [68].

Several studies have analysed the factors predicting mor-
tality in the HF patients. Amongst all HF patients, low systolic
blood pressure and elevated renal function tests (serum creat-
inine and blood urea nitrogen) at the time of presentation have
been shown to be the most important predictors of mortality.
While another study found that tachycardia increases the
hazards of mortality in patients with HFpEF but not in HFrEF
[22••]. In addition, greater patient age and lesser haemoglobin
levels increase the likelihood of cardiovascular-related
deaths in patients with HFpEF [35]. In yet another large
clinical trial, it was reported that log N-terminal pro-B
type natriuretic peptide, diabetes mellitus and prior
hospitalisation were the important factors predicting mor-
tality as well as future hospitalizations [69].

Fig. 2 Different comorbid conditions in studies with different settings. DM diabetes mellitus, HTN hypertension, IHD ischemic heart disease, AF atrial
fibrillation, HF heart failure

Curr Heart Fail Rep (2014) 11:354–365 359



Treatment

The focus of the current treatment has been to alleviate acute
symptoms and to control proximal risk factors as therapeutic

trials focused onHFpEF patients have beenmostly negative in
terms of survival benefits. The treatment recommendations
from the American Heart Association have set four goals in
the management of these patients: (a) control of hypertension,

Table 2 Clinical trials in patients with HFpEF

Trial name/author Year Intervention No. of
subjects

LVEF as
inclusion
criterion

Outcome(s) Findings

Setaro et al. [70] 1990 Verapamil vs
placebo

20 >45 % Mean EF
Systolic BP
Peak filling rate
Exercise capacity

No effect on mean EF and systolic BP
Exercise capacity improved by 33 %,
peak filling rates by 30 %

Aronow et al. [71] 1993 Enalapril 21 Normal Exercise time Improved exercise time

Aronow et al. [72] 1997 Propanolol 158 >40 % Mortality Decreased mortality (by 35 %)
Decreased mortality + non-fatal MI
(by 37 %)

CHARM-
Preserved/Yusuf
et al. [39]

2003 Candesartan vs
placebo

3023 >40 % Hospitalisation
Mortality

No effect on mortality
Decreased hospitalisation when adjusted
for baseline characteristics
(HR=0.84; p=0.047)

Nodari et al. [73] 2003 Nebivolol vs
atenolol

26 >50 % Haemodynamic parameters
during exercise

Nebivolol associated with greater
hemodynamic improvement than atenolol

Takeda et al. [74] 2004 Carvedilol vs
standard therapy

40 ≥45 % Plasma BNP levels Decreased plasma BNP levels

PEP-CHF/Cleland
et al. [41]

2006 Perindopril vs
placebo

846 >40 % Re-hospitalisation at 1 year
Mortality

No effect on mortality
Decreased 1-year re-hospitalisation
(HR=0.63; p=0.033)

SENIORS/Flather
et al. [75]

2006 Nebivolol vs
placebo

752 >35 % Mortality
CV-related hospitalisation

No effect on mortality or hospitalisation
in patients with EF >40 %

DIG-PEF/Ahmed
et al. [40]

2006 Digoxin vs
placebo

988 >45 % Hospitalisation
Mortality

No effect

I-PRESERVE/
Massie et al.
[43]

2008 Irbesartan vs
placebo

4128 ≥45 % Hospitalisation
Mortality

No effect

Yip et al. [42] 2008 Diuretics vs
diuretics +
ACEi/ARBs

150 >45 % Quality of life (QoL)
6-min walk test (6-MWT)
LVEF
BP
NT-pro-BNP levels

Improved QoL, 6-MWT and systolic and
diastolic BP. No effect of adding
ACEi/ARB

No change in LVEF
NT-pro-BNP levels declined only with
addition of ACEi/ARB

Tehrani et al. [76] 2010 Statin vs controls 270 ≥50 % Hospitalisation
Mortality

Decreased mortality (RR=0.65; p=0.028)
No effect on hospitalisation

PARAMOUNT/
Solomon et al.
[77]

2012 LCZ696 vs
Valesartan

301 ≥45 % NT-pro-BNP levels LCZ696 caused significantly greater
reduction in NT-pro-BNP levels

Aldo-DHF/
Edelmann et al.
[78]

2013 Spironolactone vs
placebo

422 ≥50 % LV diastolic function
Maximal exercise capacity

Improved LV diastolic function
No improvement in exercise capacity
or quality of life

J-DHF/Yamamoto
et al. [79]

2013 Carvedilol vs
controls

245 >40 % Cardiovascular mortality and
unplanned hospitalisation
for HF

No improvement

RALI-DHF/Maier
et al. [80]

2013 Ranolazine vs
placebo

20 ≥45 % LVEDP and PCWP
Echocardiographic changes

LVEDP and PCWP improved 30 min
after infusion

No long-term improvement in the echocar-
diographic parameters

Pitt et al. [45] 2014 Spironolactone vs
placebo

3445 ≥45 % Cardiovascular mortality
Hospitalisation for HF

Decreased hospitalisation for HF
(HR=0.83, p=0.04)

No effect on mortality
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(b) control of heart rate especially in the patients with atrial
fibrillation, (c) control of pulmonary and peripheral edema
and (d) prevention of myocardial ischemia [11••]. Table 2
summarises the major clinical trials that have evaluated the
efficacy of various therapeutic drugs in patients with HFpEF.

Control of Hypertension

An optimal anti-hypertensive that improves the survival in the
patients with HFpEF remains unclear. Drugs effective for
HFrEF have been tried amongst HFpEF patients. Activation
of renin-angiotensin-aldosterone axis contributes to sodium
andwater retention, hypertension and ventricular remodelling.
Inhibition of this axis using angiotensin-converting enzyme
inhibitors (ACEi) and aldosterone receptor blockers (ARBs)
has been efficacious in controlling hypertension and has
shown to significantly improve the survival in patients with
HFrEF [81]. Based on these observations, several clinical
trials have tested the efficacy of ACEi and ARBs in the
patients with HFpEF. The three large clinical trials, PEP-
CHF, CHARM-Preserved and I-PRESERVE, have investigat-
ed the roles of perindopril, an ACEi, and candesartan and
irbesartan, ARBs, respectively, on mortality and
hospitalisations in the patients with HFpEF [39, 41, 43]. None
of these trials have observed any reduction in mortality. How-
ever, perindopril and candesartan were observed to reduce the
rates of hospitalisation. A small study on 21 subjects evaluated
the effect of enalapril on exercise capacity and observed an
improvement in exercise time [71].

The negative ionotropic and chronotropic effects of β-
blockers result in the control of hypertension and confer a
survival advantage in the patients with HFrEF [82]. SENIORS
study is the largest study to evaluate the efficacy of nebivolol
in the management of HFpEF. It reported that there was no
difference in either mortality- or cardiovascular-related
hospitalisation between the study group and the placebo group
[75]. However, another smaller study on 158 patients found
significant reduction in mortality in patients with HFpEF
taking propranolol [72].

Control of Heart Rate

Chronic diastolic dysfunction or underlying common patho-
physiologic processes may predispose to supraventricular
tachyarrhythmia [83]. Tachycardia in a patient with HFpEF
may further reduce the LV filling in a heart that has poor
diastolic function to begin with. Moreover, it can precipitate
ischemia by increasing the myocardial oxygen demand. There
are only a few trials that have evaluated an effective drug to
control the heart rate in patients with HFpEF. A small study
that investigated the effect of verapamil reported an increase in
the peak filling rates and improved exercise capacity in pa-
tients with HFpEF [70]. In spite of known negative

chronotropic effects of β-blockers, their efficacy in control-
ling tachycardia in HFpEF is yet to be studied.

Control of Edema

Diuretics form the mainstay of treatment in patients with
pulmonary or peripheral edema [84]. The Hong Kong Dia-
stolic Heart Failure study compared the use of diuretics alone
versus diuretics with ACEi/ARBs. It reported that treatment
with diuretics significantly improved the quality of life and
alleviated the congestive symptoms in patients with HFpEF.
The addition of ACEi/ARBs added a little further improve-
ment in the quality of life. However, they led to a significant
reduction in the plasma levels of natriuretic peptide [42]. A
large study evaluating spironolactone observed a decrease in
cardiovascular-related hospitalisations in HFpEF, though no
reduction in mortality was evident [45].

Prevention of Ischemia

Myocardial ischemia has classically been treated by coronary
revascularisation procedures. However, ranolazine is a newer
anti-ischemic drug that improves the coronary blood flow
preferentially in the ischemic areas of the heart. It has been
observed to improve the diastolic tone and oxygen handling
during ischemia [85]. Studies evaluating the effect of
ranolazine in HF patients have reported an improvement in
the diastolic function [85].

Other Therapeutic Agents

The effect of digoxin was evaluated by DIG-PEF, a large
randomised trial. Although digoxin was observed to alleviate
the symptoms, however, no benefit in terms of mortality or
hospitalisation was observed [40].

Tehrani et al. evaluated the effect of statins in the patients
with HFpEF and found surprisingly significant reduction in
mortality. Further studies on larger number of subjects are
needed to validate the role of statins in mortality reduction [76].

Non-pharmacological Therapy

Exercise training has clearly been shown to benefit cardiore-
spiratory health in patients with HFrEF. Recent studies have
addressed the effects of exercise training in patients with
HFpEF. Though the effects on HF-related mortality and
hospitalisations were not studied, these reports evaluated the
improvement in the quality of life, exercise tolerance and left
ventricular EF [86, 87]. A 16-week randomised trial studied
the effects of supervised exercise training in patients with
HFpEF and observed that the peak exercise oxygen uptake
was significantly improved in the exercise cohort as compared
to the controls. In addition, exercise time and 6-min walk
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distance also showed an improvement [86]. Although other
similar trials have replicated the effect of exercise training on
the quality of life, however, a significant improvement in the
left ventricular EF has not been shown [86, 87].

Prevention

In view of a lack of effective therapies that can improve the
survival in patients with HFpEF, prevention remains the best
approach to reduce its burden. As discussed above, hypertension
antedates the development of HFpEF in nearly 90% of the cases
and it confers a two- to threefold increased risk of developing
HFpEF [51]. Therefore, risk modification to prevent hyperten-
sion in the first place as well as controlling it in the early stages
once it develops would be an essential step towards the preven-
tion of HFpEF. Stringent control of hypertension in order to
maintain the blood pressure within normal range is required.
Supporting this argument, HYVET trial observed a dramatic
64% reduction in the development of HF and 21% reduction in
mortality, subsequent to controlling hypertension [1].

As noted above, insulin resistance leads to an array of
metabolic aberrations in cardiac myocytes contributing to-
wards the pathogenesis of HFpEF. So treating the insulin
resistance might as well target the prevention of HFpEF.
Finally, the prevention of ischemia by newer drugs such as
ranolazine, a fatty acid oxidation inhibitor that improves the
coronary blood flow preferentially in the ischemic areas [88],
might go a long way in the prevention of HFpEF.

Finally, recent studies have shown that lower levels of
cardiorespiratory fitness in mid-life are associated with a great-
er risk of heart failure, particularly in older age [89]. This seems
to be mediated through a greater degree diastolic dysfunction
amongst low-fit individuals [90•]. Taken together, these find-
ings suggest that improving cardiorespiratory fitness amongst
low-fit sedentary individuals by exercise training could repre-
sent a novel preventive approach against HFpEF. Further clin-
ical trials are needed to evaluate the efficacy of exercise training
in preventing HFpEF amongst low-fit at-risk individuals.

There are several ongoing trials registered on trials.gov that
examine nitric oxide precursors as an active intervention to
improve exercise tolerance and haemodynamics in HFpEF pa-
tients. Whether renal sympathetic denervation provides benefit
to HFpEF patients with poorly controlled hypertension remains
an active area of research. Agents that modifymyocardial energy
substrate such as perhexiline are also being studied currently.

Existing Gaps

Several gaps exist in our current understanding of HFpEF, its
accurate diagnosis and effective treatment. First, the incidence

and temporal risk factors of HFpEF remain less clear. Whether
the prevalence of diastolic dysfunction as currently measured is
higher in HFpEF patients than controls remains unclear.
Whether right ventricular structural and functional measures,
as well as pulmonary pressures, would improve HFpEF sub-
classification needs consideration. Secondly, there is a need for
a validated and a sensitive diagnostic criterion that defines a
clear cutoff value for “preserved EF”. Finally and most impor-
tantly, we lack definitive therapies for the treatment of HFpEF.
The classic drugs that have improved the survival of patients
with HFrEF have failed to reduce the mortality in HFpEF [23].
Future research should be directed towards the fundamental
understanding of the molecular basis of the disease.

Conclusion

HFpEF constitutes about 50 % of all HF patients. Its preva-
lence increases with age, and it is more commonly seen in
females. It has a higher burden of cardiovascular and non-
cardiovascular comorbid conditions. The diagnosis of this
complex syndrome remains challenging in view of the ab-
sence of any sensitive set of diagnostic criteria. Current treat-
ment is targeted towards alleviating the symptoms and treating
the associated comorbid conditions, and there is no evidence-
based therapy showing a reduction in the mortality of these
patients. Therefore, prevention via the early modification of
risk factors may remain the best approach in reducing its
burden. Further studies are needed that aid in a better under-
standing of this complex syndrome and to design therapeutic
strategies that will improve the outcome in these patients.
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