
Introduction

More than half of patients with heart fail-
ure have normal left ventricular (LV) ejec-
tion fractions [1]. Previous studies have 
shown that renin–angiotensin–aldoste-
rone system (RAAS) inhibitors, including 
angiotensin-converting enzyme inhibi-
tors (ACEi), angiotensin receptor block-
ers (ARBs), and mineralocorticoid recep-
tor antagonists (MRAs), can significantly 
reduce all-cause and cardiovascular mor-
tality in heart failure with reduced ejec-
tion fraction (HFrEF) [2–5]. It has been 
proven that RAAS is closely related to 
ventricular remodeling and may contrib-
ute to the progress of heart failure with 
preserved ejection fraction (HFpEF) [6, 
7]. However, the efficacy of RAAS inhib-
itors on patients with HFpEF remains un-
certain. This meta-analysis was designed 
to assess the role of RAAS inhibitors on 
mortality, hospitalization, diastolic func-
tion, and exercise capacity in patients with 
HFpEF.

Materials and methods

Search strategy

We searched PubMed, Web of Science, 
EMBASE, and the Cochrane Library for 

clinical studies published prior to August 
2014. Studies were identified by the follow- 
ing key terms: (1) angiotensin-converting 
enzyme inhibitor, angiotensin receptor 
blockade, mineralocorticoid receptor an-
tagonist and their various names, such as 
captopril, irbesartan, spironolactone; (2) 
preserved cardiac function heart failure, 
heart failure with normal left ventricular 
ejection fraction, heart failure with pre-
served ejection fraction or diastolic heart 
failure; and (3) a specialized search formu- 
la for filtering randomized controlled tri-
als. We also searched three meta-analyses 
published previously on RAAS inhibitors 
and their relevant references [8–10].

Inclusion and exclusion criteria

The inclusion criteria were (1) randomized 
controlled trial, (2) assessment of the effi-
cacy of RAAS inhibitors for HFpEF (de-
fined as signs or symptoms of heart fail- 
ure with an EF > 40 %), and (3) available 
end points for mortality, hospitalization, 
diastolic function (such as E/A velocity ra-
tio) or 6-min walk distance (6MWD). The 
exclusion criteria were (1) healthy persons 
enrolled in the control group, (2) lack of a 
quantitative description of endpoints, and 
(3) patients receiving heart transplanta-
tions. All of the references were imported 

into Endnote X7.0.2. Duplicate references 
were excluded by the software.

Data extraction and 
quality assessment

The information for each eligible trial was 
abstracted independently by two authors. 
All inconsistent opinions were resolved 
by discussions between the two authors. 
The baseline characteristics (such as age, 
gender, etiology, blood pressure, and NY-
HA functional classification), treatment 
strategy, and outcome data (including all-
cause and cardiovascular mortality, hos-
pitalization for all-cause and heart failure, 
diastolic function, and 6MWD) were sys-
tematically extracted into the meta-analy-
sis database by the two authors.

The methodological quality of each in-
cluded randomized controlled trial (RCT) 
was evaluated in the light of the Jadad 
quality scale [11]. Studies with a score 
greater than or equal to 4 were defined as 
high quality, and studies with a score less 
than 3 were defined as low quality. Dis-
crepancies on the methodological quali-
ty were resolved by discussions between 
the two authors.
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Statistical analysis

We mainly focused on three end points in 
the included trials. The primary outcome 
was the clinical end point, including all-
cause and cardiovascular-cause mortali-
ty, and all-cause and heart failure related 
hospitalization. The secondary outcome 
was diastolic function, such as the E/e’ in-
dex, E/A velocity ratio, and isovolumic re-
laxation time. The third outcome was the 
6MWD.

Our analysis was based on the Co-
chrane Collaboration Review Manager 
5.2 and STATA 11.0 (Stata Corp, College 
Station, TX, USA). Heterogeneity analy-
sis was conducted by the value of I2. If the 
value was less than 50 %, the relative risk 
(RR) or risk difference (RD) of dichoto-
mous data and WMD or SMD of contin-
uous data were pooled using a fixed-effect 
model (Mantel–Haenszel method). Oth-
erwise, a random-effects model was used. 
In addition, subgroup analysis and sensi-
tivity analyses were performed to explore 
the causes of heterogeneity.

Subgroup analyses, including age, 
baseline systolic blood pressure, different 
types of drugs, and follow-up, were con-
ducted in all outcomes. Publication bi-
as was assessed by a funnel plot and Egg-
er’s asymmetry test for the small samples 
of some trials. The hypothesis testing re-
sults were considered statistically signifi-
cant if p < 0.05.

Results

Study selection

A flow chart of the study selection process 
is shown in . Fig. 1. We originally identi-
fied 727 papers, of which 639 were exclud-
ed after reading through the titles and ab-
stracts. Another 74 studies were excluded 
for various reasons by further screening 
the full text. Finally, we identified 13 RCTs 
for inclusion in this meta-analysis, includ-
ing 6 papers on mineralocorticoid-recep-
tor antagonists [12–17], 5 on ARBs [18–
22], and 4 on ACEis [18, 23–25].

Baseline characteristics

The baseline characteristics of the 13 RCTs 
enrolled in this meta-analysis are listed in 
. Tables 1 and 2. Of the total 12,532 pa-
tients with HFpEF, 6291 were in the inter-
vention group and 6241 were in the con-
trol group. The duration of the follow-up 
ranged from 3.3–49.5 months. The mean 
age of the patients was 70.9 years, and 
52.6 % of the patients were women. Only 
one study [18] used diuretics as the con-
trol group drug, while other studies chose 
a placebo.

Study quality and heterogeneity

According to the three different out-
comes, 11 studies reported primary out-
comes (mortality and readmission), nine 
reported secondary outcomes (diastolic 

function) and eight reported tertiary out-
comes (6MWD). Four studies were iden-
tified as low quality according to the Jadad 
quality scale (Jadad score ≤ 3; . Table 1). 
Sensitivity analysis showed that there were 
no significant differences between the low 
and high quality studies. The outcomes 
were stable when each low-quality study 
was excluded. I2 analysis was conducted 
to identify the heterogeneity of the stud-
ies. In the secondary outcome of the de-
celeration time, I2 = 52 %, which indicated 
moderate heterogeneity in all seven RCTs. 
The heterogeneity decreased significantly 
when the low-quality trial was excluded 
[17]. This fluctuation might be due to its 
small sample size and open-label design. 
Whether the low-quality studies were ex-
cluded or not, the outcome of decelera-
tion time did not change. In the second-
ary outcomes of the E/e’ index, moderate 
heterogeneity existed in the nine related 
RCTs. The heterogeneity was significantly 
reduced after we excluded the study con-
ducted by Kurrelmeyer et al. In this study, 
the baseline E/e’ index in the intervention 
group was significantly higher than that 
in the control group. However, the net re-
duction of the E/e’ index in the interven-
tion group was larger than in the control 
group, which supported the results of our 
meta-analysis. Whether we excluded this 
study or not, the experimental results re-
mained unchanged. There was no signifi-
cant heterogeneity in other outcomes.

Publication bias

There was no publication bias in this me-
ta-analysis of the primary outcomes ac-
cording to the funnel plot and Egger’s 
asymmetry test ([26], all-cause mortality, 
n = 9, p = 0.394, > 0.05).

Primary outcome

A total of 12,187 patients (6101 in inter-
vention group and 6086 in the control 
group) were enrolled for all-cause mor-
tality. There were no significant differ-
ences in all-cause mortality between the 
RAAS inhibitors group and the control 
group (RR 0.99; 95 % CI 0.92–1.07; p = 0. 
83; . Fig. 2). The ACEi, ARB, and min-
eralocorticoid-receptor antagonists sub-
groups showed no significant reductions 

1034 studies identified

307 duplicates indentified in the 
mutiple databases

727 studies with potentially
relevant 

639 studies excluded by screening of 
title and abstract

88 high relevant studies for 
full text screen 74 studies excluded:

- 16 reviews or meta-analysis
- 17 abstract available only
- 35 not satisfy inclusion criteria
- 3  not report outcome of interest
- 3  prophase Studies from Eligible 
studies:13 studies were included 

- Primary outcome (n=11)
- Second outcome (n=9)
- Third outcome (n=8)

Fig. 1 9 Flowchart of 
the study selection for 
this meta-analysis
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in all-cause mortality compared with the 
control group. Additional results for the 
subgroups are shown in . Table 3. There 
was no beneficial effect on cardiovascu-
lar mortality in either the intervention 
or control group (RR 0.98; 95 % CI 0.89–
1.09; p = 0. 75). The RAAS inhibitors group 
showed no reduction of all-cause hospital-
ization compared with the control group 
(RR 0.99; 95 % CI 0.96–1.03; p = 0.76). 
Heart failure hospitalization was signifi-
cantly lower in the RAAS inhibitors group 
compared with the controls (RR 0.89; 95 % 
CI 0.82–0.97; p = 0.01). Although the esti-
mates of the overall RR were significant, 
none of the eight studies investigating the 
effects of RAAS inhibitors on the hospi-
talizations for heart failure in HFpEF pa-
tients, when individually studied, showed 
an association of RAAS inhibitor therapy 
with a decreased risk of events among HF-
pEF patients. Subgroup analysis showed 
that there was no benefit of HF-related 
hospitalization for the subgroup with a 
mean age > 70.9 years (RR 0.94; 95 % CI 
0.83–1.07;p = 0.34) and the ARB subgroup 
(RR 0.86; 95 % CI 0.64–1.15; p = 0.30). The 
subgroup with a mean age of less than 70.9 
years might have been associated with a 
lower rate of heart failure hospitalization 
for the treatment of RAAS inhibitors (RR 
0.86; 95 % CI 0.76–0.96; p = 0. 009).

Secondary outcome

The RAAS inhibitors had a significant 
beneficial effect on the E/e’ index com-
pared with controls (MD −1.38; 95 % 
CI −2.01 to −0.74; p < 0.0001; . Fig. 3). 
Subgroup analysis revealed that patients 
in the intervention group with a mean 
age < 70.9 years (MD −1.38; 95 % CI 
−2.07 to −0.68; p = 0.0001), baseline SBP 
< 140 mmHg (MD −1.63; 95 % CI −2.39 to 
−0.88; p < 0.0001), and aldosterone recep-
tor blockade (MD −1.53; 95 % CI −2.25 
to −0.82; p < 0.0001) demonstrated sig-
nificant benefits for the E/e’ velocity ra-
tio (. Table 3). There were no significant 
differences on the E/A velocity ratio (MD 
−0.02; 95 % CI −0.07 to 0.02; p = 0. 31), 
isovolumic relaxation time (MD −1.11; 
95 % CI −3.97 to 1.75; p = 0. 45), and de-
celeration time (MD −2.18; 95 % CI −9.65 
to 5.28; p = 0.57) between the intervention 
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Abstract
Aim. The purpose of this meta-analysis was 
to evaluate the effects of renin–angiotensin–
aldosterone system (RAAS) inhibitors on mor-
tality, hospitalization, diastolic function, and 
exercise capacity in heart failure with pre-
served ejection fraction (HFpEF).
Methods. Thirteen randomized controlled 
trials (RCTs), totaling 12,532 patients with HF-
pEF, were selected. All-cause and cardiovas-
cular mortality, all-cause and heart failure-
related hospitalization, diastolic function, 
and the 6-min walk distance were assessed. 
The risk ratios (RR) of the dichotomous data, 
weighted mean difference (WMD) of contin-
uous data, and 95 % confidence intervals (CI) 
were calculated to assess the effects of RAAS 
inhibitors.
Results. RAAS inhibitors significantly de-
creased heart failure-related hospitalization 
(RR 0.89; 95 % CI 0.82–0.97; p = 0.01) and im-
proved the diastolic function, as reflected in a 

reduced E/e’ index (MD −1.38; 95 % CI −2.01 
to −0.74; p < 0.0001). However, there were no 
beneficial effects on all-cause cardiovascular 
mortality and all-cause hospitalization. Other 
diastolic parameters had few changes com-
pared with the controls. The 6-min walk dis-
tance was not improved by the use of RAAS 
inhibitors.
Conclusion. In patients with HFpEF, RAAS in-
hibitors decreased heart-failure hospitaliza-
tion and the E/e’ index without affecting mor-
tality, all-cause hospitalization, other diastol-
ic function parameters, and the 6-min walk 
distance.

Keywords
Angiotensin-converting enzyme inhibitors · 
Angiotensin receptor · Antagonists · 
Mineralocorticoid-receptor antagonists · 
Heart failure with preserved ejection fraction

Auswirkungen der Inhibitoren des Renin-Angiotensin-
Aldosteron-Systems auf Mortalität, Hospitalisation und 
diastolische Funktion bei Patienten mit HFpEF. Eine 
Metaanalyse von 13 randomisierten kontrollierten Studien

Zusammenfassung
Ziel. Ziel dieser Metaanalyse war es, die 
Auswirkungen der Inhibitoren des Renin- 
Angiotensin-Aldosteron-Systems (RAAS) 
auf Mortalität, Hospitalisation, diastolische 
Funktion und körperliche Belastbarkeit bei 
Herzversagen mit konservierter Ejektions-
fraktion (HFpEF) zu evaluieren.
Methoden. Dreizehn randomisierte 
kontrollierte Studien (RCTs) mit insgesamt 
12.532 HFpEF-Patienten wurden ausgewählt. 
Die kardiovaskuläre und Gesamtmortali-
tät sowie die durch Herzversagen bedingte 
Hospitalisation, diastolische Funktion und 
die 6-min-Gehstrecke wurden beurteilt. Das 
relative Risiko (RR) der dichotomen Daten, 
die gewichtete mittlere Differenz ("weighted 
mean difference", WMD) der kontinuierlichen 
Daten und das 95% Konfidenzintervall (CI) 
wurden berechnet, um die Auswirkungen der 
RAAS-Inhibitoren zu untersuchen.
Ergebnisse. RAAS-Inhibitoren senkten Herz-
versagen-bedingte Hospitalisation signi- 
fikant (RR 0,89; 95% CI 0,82–0,97; p=0,01) 

und verbesserten die diastolische Funktion, 

wie ein reduzierter E/e’-Index (MD −1,38; 
95% CI −2,01 bis −0,74; p<0,0001) zeigt. 
Jedoch gab es keine positiven Auswirkungen 
auf die kardiovaskuläre und Gesamtmortali-
tät und Gesamthospitalisierung. Bei anderen 
diastolischen Parametern gab es im Ver- 
gleich zur Kontrollgruppe nur geringe Ab-
weichungen.
Schlussfolgerung. Bei Patienten mit 
HFpEF reduzierten RAAS-Inhibitoren die 
Hospitalisation wegen Herzversagens 
sowie den E/e'-Index, ohne die Mortali- 
tät, Gesamthospitalisationsrate, andere 
diastolische Funktionsparameter und die 
6-min-Gestrecke zu beeinflussen.

Schlüsselwörter
Inhibitoren des Angiotensin-konvertierenden 
Enzyms · Angiotensin-Rezeptor · 
Antagonisten · Mineralokortikoid-
Rezeptor-Antagonisten · Herzversagen mit 
konservierter Ejektionsfraktion

78 | Herz 1 · 2016



Ta
b

le
 1

 S
tu

dy
 c

ha
ra

ct
er

ist
ic

s

Fi
rs

t a
ut

ho
r (

ye
ar

)
Tr

ea
tm

en
t

Co
nt

ro
l

A
ge

 (y
ea

r)
Fe

m
al

e,
 

n 
(%

)
SB

P 
(m

m
H

g)
D

ef
in

it
io

n 
of

 
H

FP
EF

 (L
VE

F,
 %

)
Sa

m
pl

e 
Si

ze
 (T

/C
)

Fo
llo

w
-u

p 
(m

on
th

s)
O

ut
co

m
es

Ja
da

d 
sc

or
e

Cl
el

an
d 

JG
 (2

00
6)

 [2
4]

Pe
rin

do
pr

il
Pl

ac
eb

o
75

.0
0

47
2 

(5
5)

13
9.

00
40

42
4/

42
6

26
.2

Al
l-c

au
se

/C
V 

m
or

ta
lit

y 
an

d 
ho

sp
ita

liz
at

io
n

6

D
es

w
al

 A
 (2

01
1)

 [1
4]

Ep
le

re
no

ne
Pl

ac
eb

o
70

.3
7

3 
(6

.8
)

13
0.

17
50

21
/2

3
6

Al
l-c

au
se

/C
V 

m
or

ta
lit

y,
 

ho
sp

ita
liz

at
io

n 
an

d 
di

as
to

lic
 

fu
nc

tio
n

3

Ed
el

m
an

n 
F 

(2
01

3)
 

[1
3]

Sp
iro

no
la

ct
on

e
Pl

ac
eb

o
67

.0
0

22
1 

(5
2)

13
5.

00
50

21
3/

20
9

12
Al

l-c
au

se
 m

or
ta

lit
y,

 h
os

pi
ta

l-
iz

at
io

n 
an

d 
di

as
to

lic
 fu

nc
tio

n
7

Ki
tz

m
an

 D
W

 (2
01

0)
 

[2
3]

En
al

ap
ril

Pl
ac

eb
o

69
.5

1
60

 (8
5)

14
3.

51
50

35
/3

6
12

Al
l-c

au
se

/C
V 

m
or

ta
lit

y 
an

d 
ho

sp
ita

liz
at

io
n 

an
d 

di
as

to
lic

 
fu

nc
tio

n

6

Ku
rr

el
m

ey
er

 K
M

 
(2

01
4)

 [1
5]

Sp
iro

no
la

ct
on

e
Pl

ac
eb

o
71

.3
5

48
 (1

00
)

13
5.

05
50

24
/2

4
6

Al
l-c

au
se

/C
V 

m
or

ta
lit

y,
 

ho
sp

ita
liz

at
io

n 
an

d 
di

as
to

lic
 

fu
nc

tio
n

5

M
ak

 G
J (

20
09

) [
17

]
Ep

le
re

no
ne

Pl
ac

eb
o

79
.5

5
24

 (5
5)

14
2.

73
45

24
/2

0
12

Al
l-c

au
se

 m
or

ta
lit

y 
an

d 
di

a-
st

ol
ic

 fu
nc

tio
n

1

M
as

sie
 B

M
 (2

00
8)

 [1
9]

Irb
es

ar
ta

n
Pl

ac
eb

o
72

.0
0

24
91

 (6
0)

13
6.

50
45

20
67

/2
06

1
49

.5
Al

l-c
au

se
/C

V 
m

or
ta

lit
y 

an
d 

ho
sp

ita
liz

at
io

n
5

M
ot

tr
am

 P
M

 (2
01

3)
 

[1
6]

Sp
iro

no
la

ct
on

e
Pl

ac
eb

o
62

19
 (6

3)
15

1.
50

50
20

67
/2

06
1

6
D

ia
st

ol
ic

 fu
nc

tio
n

5

Pa
rt

ha
sa

ra
th

y 
H

K 
(2

00
9)

 [2
0]

Va
ls

ar
ta

n
Pl

ac
eb

o
62

.1
3

75
 (4

9)
N

A 
(<

 1
30

)
40

70
/8

2
3.

3
Al

l-c
au

se
/c

ar
di

ov
as

cu
la

r 
m

or
ta

lit
y 

an
d 

di
as

to
lic

 fu
nc

-
tio

n

4

Pi
tt

 B
 (2

01
4)

 [1
2]

Sp
iro

no
la

ct
on

e
Pl

ac
eb

o
68

.7
0

17
75

 (5
2)

13
0.

00
45

17
22

/1
72

3
39

.6
Al

l-c
au

se
/C

V 
m

or
ta

lit
y 

an
d 

ho
sp

ita
liz

at
io

n
7

Yi
p 

G
W

 (2
00

8)
a  [1

8]
Irb

es
ar

ta
n 

+
 d

i-
ur

et
ic

s
D

iu
re

tic
s

74
.0

6
66

 (6
2)

14
5.

00
45

56
/5

0
12

Al
l-c

au
se

/C
V 

m
or

ta
lit

y,
 

ho
sp

ita
liz

at
io

n,
 a

nd
 d

ia
st

ol
ic

 
fu

nc
tio

n

3

Yi
p 

G
W

 (2
00

8)
 [1

8]
Ra

m
ip

ril
 +

 d
iu

re
t-

ic
s

D
iu

re
tic

s
73

.4
7

56
 (5

9)
14

4.
05

46
45

/5
0

12
M

or
ta

lit
y,

 h
os

pi
ta

liz
at

io
n 

an
d 

di
as

to
lic

 fu
nc

tio
n

3

Yu
su

f S
 (2

00
3)

 [2
2]

Ca
nd

es
ar

ta
n

Pl
ac

eb
o

67
.1

5
12

12
 (4

0)
13

6.
15

40
15

14
/1

50
9

8.
5

CV
 m

or
ta

lit
y 

an
d 

ho
sp

ita
liz

a-
tio

n
7

Zi
 M

 (2
00

3)
 [2

5]
Q

ui
na

pr
il

Pl
ac

eb
o

78
48

 (5
6)

N
A 

(1
30

–
14

0)
40

36
/3

8
6

Al
l-c

au
se

 m
or

ta
lit

y 
an

d 
ho

s-
pi

ta
liz

at
io

n
3

SB
P 

sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 LV
EF

 le
ft 

ve
nt

ric
ul

ar
 e

je
ct

io
n 

fra
ct

io
n,

 T
/C

 tr
ea

tm
en

t g
ro

up
/ c

on
tro

l g
ro

up
, C
V 

ca
rd

io
va

sc
ul

ar
, N
A 

m
ea

ns
 th

e 
ex

ac
t v

al
ue

 is
 n

ot
 m

en
tio

ne
d,

 b
ut

 a
 ra

ng
e 

of
 th

e 
va

lu
e 

is 
gi

ve
n.

a Th
is 

st
ud

y 
us

ed
 A

CE
i a

nd
 A

RB
 a

s i
nt

er
ve

nt
io

n 
gr

ou
ps

, r
es

pe
ct

iv
el

y.

79Herz 1 · 2016 | 



and the control groups. Subgroup analy-
ses on age, baseline systolic blood pres-
sure, follow-up, and drug types showed 
no significant differences between the 
intervention and control groups in each 
subgroup (. Table 3). Although subgroup 
analysis on the deceleration time showed 
that patients with a mean age ≥ 70.9 years 
had significant reductions in the deceler-
ation time, the outcome showed no signif-
icant difference between the intervention 
and the control groups when we excluded 
the low-quality studies (Jadad score = 1).

Third outcome

There were 1,598 patients in eight studies 
who were enrolled to conduct 6MWD. No 
significant changes in 6MWD were ob-
served in the RAAS inhibitors group com-
pared to the control group (MD 0.65; 95 % 
CI −8.07 to 9.36; p = 0. 88; . Fig. 4). Sub-
group assessments on age, baseline SBP, 
follow-up, and drug types also showed no 
significant differences between the two 
groups (. Table 3).

Discussion

This was the first study that used RCTs 
and mineralocorticoid-receptor antag-
onists to assess the efficacy of RAAS in-
hibitors in patients with HFpEF. This me-
ta-analysis mainly evaluated three out-
comes, of which the latter two had not yet 
been considered: (1) primary outcome: 
RAAS inhibitors might reduce the rate of 
heart failure related hospitalization, but 
had no significant effect on reducing all-
cause or cardiovascular mortality and all-
cause hospitalization; (2) secondary out-
come: RAAS inhibitors had a significant 
effect on improving the E/e’ velocity ratio 
compared with the controls. However, the 
results from this meta-analysis were still 
not sufficient to prove the effectiveness 
of RRAS inhibitors on the other diastolic 
function parameters; and (3) tertiary out-
come: RAAS inhibitors could not increase 
6MWD in patients suffering from HFpEF, 
which indicated little effect of the RAAS 
inhibitors on improving the cardiopulmo-
nary function.

The diagnostic criteria for HFpEF are 
still controversial, especially in terms of 
the EF cut-off criteria [27]. According to Ta
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the current guidelines, patients with EF 
between 40 and 50 % are defined as an in-
termediate group. Their features, therapy 
models and prognoses seem to be similar 
to patients with HFpEF, who were iden-
tified by an EF > 50 % [28]. In our meta-
analysis, when different cut-offs (45 and 
50 %) were used in the subgroup analyses, 
the results were similar to our original 

conclusion (. Table 3). Thus, this meta-
analysis included studies using EF ≥ 40 % 
as the EF cut-off criterion of HFpEF.

Several factors play important roles 
in the pathophysiology of HFpEF. One 
of the mechanisms is increased myocar-
dial stiffness and ventricular remodel- 
ing [7, 29], which may lead to diastolic 
LV dysfunction, as reflected in extended 

isovolumic relaxation times and LV fill-
ing decelerations [30]. Compared to pa-
tients with HFrEF, those with HFpEF are 
more likely to be older, female, and have 
a lower event rate of coronary artery dis-
ease and a higher incidence of atrial fi-
brillation [31]. The activation of RAAS 
makes an important contribution to the 
progress of HFpEF [6]. Theoretically, 

a

b

c

d

Fig. 2 9 Forest plots of the 
primary outcome. a For-
est plot of RR for all-cause 
mortality between RAAS 
inhibitors group and con-
trols. b cardiovascular (CV) 
mortality. c All-cause hos-
pitalization. d Heart failure 
related hospitalization
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RAAS inhibitors might reduce myocar- 
dial remodeling and might improve pa-
tients’ symptoms and prognosis. Howev-

er, apart from HF related rehospitalization 
and the E/e’ velocity ratio, most outcomes 
from our meta-analysis show few chang-

es using RAAS inhibitors in patients suf-
fering from HFpEF, despite a blood pres-
sure reduction. There may be several rea-

Fig. 4 9 Forest plot of third 
outcome. There is no sig-
nificant effect on exercise 
capacity between the two 
groups (MD 0.65; 95 % CI 
−8.07 to 9.36; p = 0. 88)

 

a

b

c

d

Fig. 3 9 Forest plots of sec-
ondary outcome. a For-
est plot of MD for E/e’ in-
dex between RAAS inhib-
itors group and controls. 
b E/A velocity ratio. c De-
celeration time. d Isovolu-
mic relaxation time. The 
RAAS inhibitors has a sig-
nificant beneficial effect 
on E/e’ index (MD −1.38; 
95 % CI −2.01 to −0.74; 
p < 0.0001). There is no sig-
nificant effect on E/A veloc-
ity ratio, deceleration time, 
and isovolumic relaxation 
time. E/A velocity ratio ra-
tio of early to late transmi-
tral flow; E/e’ index ratio of 
peak early transmitral ven-
tricular filling velocity to 
early diastolic tissue Dop-
pler velocity
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sons for the absence of effectiveness. First, 
changes in structure remodeling and ar-
terial stiffness are not associated with a 
decrease in blood pressure by the use of 
ACEi [32]. Second, the treatment period 
may not be long enough to achieve an im-
proved diastolic function. Ten studies had 
a mean follow-up periods of ≤ 12 months, 
while only three studies had an observable 
mean follow-up periods > 12 months. Sub- 
group analysis indicated that a longer fol-
low-up with medication might be more 
effective than short-term medication. 
Third, myocardial remodeling and vascu-
lar stiffening are increased with aging and 
hypertension [33, 34]. Subgroup analysis 
showed that younger patients might ob-
tain benefits from RAAS inhibitors. Thus, 
age and blood pressure might be associat-
ed with the effectiveness of RAAS inhib-
itors, as reported previously [1]. An earli-
er study reported that patients with heart 
failure and high systolic blood pressure 
might have lower mortality with antihy-
pertensive treatments [35]. Patients with a 
SBP ≥ 160 mmHg had a significantly low-
er mortality compared with those with a 
SBP ranging from 120 to 140 mmHg. In 
our meta-analysis, the baseline mean sys-
tolic blood pressure in nine studies var-
ied between 130 and 140 mmHg, indicat-
ing the limited benefit of RAAS inhib- 
i tors to those with relatively low blood 
pressure. However, the results of the sub-
group analysis also revealed that com-
pared to the control group, the subgroup 
with a SBP < 140 mmHg had significant 
improvements on the E/e’ index, while 
the subgroup with a SBP ≥ 140 mmHg did 
not. This scenario could be attributed to 
the fact that the gap between these two 
subgroups’ mean systolic blood pressure 
was not obvious (. Table 1). Until now, 
it was been possible to conclude wheth-
er patients with a lower SBP may bene-
fit more from RAAS inhibitors than those 
with a higher SBP.

According to the enrolled studies, 
the other parameters related to diastol-
ic function were not sufficient to conduct 
the meta-analysis. Previous studies noted 
that tissue Doppler imaging, including the 
E/e’ index, was regarded as more relevant 
to diagnose diastolic dysfunction [36, 37] 
and that the mean lateral E/e’ index was 
considered to be the best parameter to as-Ta
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sess diastolic dysfunction in patients with 
HFpEF [38, 39]. However, only one study 
reported a mean lateral E/e’ [15], while the 
other studies used the average E/e’ index 
to assess diastolic dysfunction. Thus, we 
included all of the studies that reported 
the E/E’ index for this meta-analysis on 
diastolic function rather than only those 
with the mean lateral E/e’ index.

Subgroup analysis showed that the ef-
fects of the three types of RAAS inhibitors 
were inconsistent. Aldosterone receptor 
blockade reduced heart failure rehospital-
ization and improved the E/e’ index sig-
nificantly, while the ACEi subgroup had 
a tendency to decrease HF-related hospi-
talization, with no significant differences 
in the E/e’ index compared with the con-
trol group. The ARB subgroup showed no 
effect in reducing HF rehospitalization in 
contrast to the control group. There was 
only one study demonstrating diastolic 
function with the use of ARBs, which was 
inappropriate in number to conduct sub-
group analysis. These results may be ex-
plained by the use of the other RAAS in-
hibitors. In the I-PRESERVE study [19], 
40 % of the patients received ACEi and 
29 % received spironolactone. Kitzman 
DW et al. [23] mentioned that they could 
not exclude the patients receiving ARB 
from their research. In the CHARM study 
[22], 19 % of the patients took ACEi and 
11 % took spironolactone. The use of oth-
er RAAS inhibitors may lead to crossover 
effects and different results. Second, this 
condition can also be interpreted as an 
‘aldosterone breakthrough’. In clinical tri-
als using ACEi or ARBs as the interven-
tion, some patients’ plasma aldosterone 
levels decreased at first and then elevat-
ed over a long period of time, which was 
called ‘aldosterone breakthrough’ [13, 40]. 
A long stimulation period using aldoste-
rone on the mineralocorticoid receptor 
system could promote cardiovascular re-
modeling and further progress heart fail-
ure [41, 42]. It has been reported that al-
dosterone receptor blockade reduced ex-
tracellular matrix turnover and the myo-
cardial collagen content, which were as-
sociated with the progress of heart failure 
[43, 44]. Although ACEis or ARBs sup-
pressed angiotensin-II-mediated aldoste-
rone release, there were still several pa-
tients’ whose plasma aldosterone level in-

creased, which influenced the total treat-
ment outcome.

Study limitations

There are several limitations in our me-
ta-analysis. First, the inclusion of stud-
ies with a follow-up of less than one year 
may lead to an excessively low estimation 
of mortality and hospitalization. Among 
the 13 included studies, six studies had 
a follow-up of less than 1 year, with one 
study having a 3.3 month follow-up. The 
inclusion of these studies may lead to bi-
as in the findings. However, according 
to the results of the subgroup analysis, 
among the seven studies with more than 
8.5 months of follow-up, the intervention 
group showed more improvement on HF 
hospitalization and a significant improve-
ment of diastolic function compared with 
the control group. Further studies are rec-
ommended to include studies with a fol-
low-up duration of longer than 1 year. Sec-
ond, the sample sizes of the enrolled stud-
ies with the second outcome were small. 
Further studies with large samples of di-
astolic function are needed to investigate 
the effect of RAAS inhibitors on diastol-
ic dysfunction in patients with HFpEF. 
Third, we did not review the functional 
effects on the cardiopulmonary exercise 
testing, such as peak oxygen consumption 
and quality of life, because these param-
eters were only reported by a few stud-
ies. As a convenient and effective method 
to test exercise capacity, 6MWD was re-
viewed in our meta-analysis, which failed 
to show any significant improvements in 
the RAAS inhibitor groups. A final limi-
tation is the difficulty of having uniform 
doses of the RAAS inhibitors in all of the 
studies, which may affect the balance of 
drug action. Insufficient RAAS inhibi-
tor treatment may reduce the effect of the 
drugs [32].

Conclusion

This meta-analysis shows that RAAS in-
hibitors could significantly reduce heart 
failure-related hospitalization and im-
prove the E/e’ index in patients with HF-
pEF. Further large-scale randomized con-
trolled trials, especially on diastolic func-

tion, are needed to confirm the effects of 
RAAS inhibitors in patients with HFpEF.
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