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Blood pressure and heart failure: focused 
on treatment
Kyeong‑Hyeon Chun1 and Seok‑Min Kang2*    

Abstract 

Heart failure (HF) remains a significant global health burden, and hypertension is known to be the primary contribu‑
tor to its development. Although aggressive hypertension treatment can prevent heart changes in at-risk patients, 
determining the optimal blood pressure (BP) targets in cases diagnosed with HF is challenging owing to insufficient 
evidence. Notably, hypertension is more strongly associated with HF with preserved ejection fraction than with HF 
with reduced ejection fraction. Patients with acute hypertensive HF exhibit sudden symptoms of acute HF, espe‑
cially those manifested with severely high BP; however, no specific vasodilator therapy has proven beneficial for this 
type of acute HF. Since the majority of medications used to treat HF contribute to lowering BP, and BP remains one 
of the most important hemodynamic markers, targeted BP management is very concerned in treatment strategies. 
However, no concrete guidelines exist, prompting a trend towards optimizing therapies to within tolerable ranges, 
rather than setting explicit BP goals. This review discusses the connection between BP and HF, explores its pathophys‑
iology through clinical studies, and addresses its clinical significance and treatment targets.
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Background
Heart failure (HF) remains a major public health bur-
den, with a rapidly increasing global prevalence. In the 
United States, more than 5 million people aged ≥20 years 
are affected by HF [1], and this number is expected to 
increase by 46%, resulting in an estimated 8 million 
Americans with HF in 2030 [2]. Hypertension is one of 
the most frequent comorbidities [3], playing a pivotal role 
in the development of HF [4]. In the Framingham Heart 
Study, hypertension progressed to HF in 91% of patients 
> 20 years of age, with a doubling and tripling of the risk 
of HF in male and female hypertensive patients, respec-
tively [5, 6]. Chronic hypertension causes functional 

and structural changes in the heart, culminating in HF 
and further increasing the rate of mortality and morbid-
ity [7]. Intensive treatment of hypertension can prevent 
and reverse myocardial changes in patients at risk of HF; 
however, defining optimal blood pressure (BP) targets for 
patients who have already developed HF is challenging 
owing to a lack of evidence.

Currently, HF is classified depending on the left ven-
tricular ejection fraction (LVEF), with LVEF ≤40% 
defined as HF with reduced ejection fraction (HFrEF) 
and LVEF ≥50% as HF with preserved ejection fraction 
(HFpEF) [8]. In addition, if the LVEF is between 41 and 
49%, the definition of HF with mildly reduced ejection 
fraction (HFmrEF) is commonly used in a dynamic tra-
jectory to denote improvement from or deterioration to 
HFrEF [9]. HFmrEF occupies a spectrum between HFrEF 
and HFpEF, exhibiting the characteristics of both. How-
ever, this classification system is often ambiguous [10]. In 
the present review, rather than focusing on this detailed 
classification of LVEF, we focus on the classical phe-
notypes of HFrEF and HFpEF (implicitly including the 
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concept of HFmrEF) and their association with BP from a 
more comprehensive perspective.

Development of hypertensive heart disease and HF
Traditionally, the development and progression of HF 
in hypertensive patients has been classified into four 
stages: (1) isolated left ventricular (LV) diastolic dysfunc-
tion without LV hypertrophy; (2) LV diastolic dysfunc-
tion with concentric LV hypertrophy; (3) clinical HFpEF 
accompanied by pulmonary edema; and (4) dilated car-
diac chambers with HFrEF [6]. These stages suggest that 
diastolic dysfunction is an early phenomenon, and hyper-
tension-induced LV hypertrophy leads to remodeling 
of the left atrium and ventricle, ultimately resulting in 
advanced diastolic and systolic dysfunction.

As reviewed in the article by Messerli et al. [6], hyper-
tensive heart disease plays a pivotal role in the patho-
physiology of HF through a sequential and intricate 
process. Initially, the LV responds to elevated BP by 
adapting to the hemodynamic wall stress, which results 
in pressure overload. This adaptation involves the thick-
ening of the LV wall and an increase in LV mass, result-
ing in concentric LV hypertrophy. During this phase, the 
initial manifestation of cardiac dysfunction is LV dias-
tolic dysfunction. With a persistent pressure overload, 
diastolic dysfunction progresses, ultimately leading to 
the onset of HFpEF. In the advanced stages of hyperten-
sive heart disease, typically due to prolonged exposure to 
pressure overload with or without concurrent myocardial 
ischemia, the condition evolves into a dilated LV dimen-
sion. The final stage is characterized by reduced LVEF 
and development of HFrEF.

However, HFrEF and HFpEF should be considered 
from a slightly different perspective than that presented 
by Messerli et al. [6]. If HFrEF and HFpEF are considered 
part of a unified disease spectrum, they may be expected 
to respond similarly to HF treatment. However, numer-
ous medications that have demonstrated clear improve-
ments in HFrEF have not shown comparable beneficial 
effects on HFpEF [11]. Angiotensin receptor blockers 
(ARBs) [12], angiotensin-converting enzyme inhibitors 
(ACEis) [13], β-blockers [14, 15], and mineralocorti-
coid receptor antagonists (MRAs) [16], all of which are 
also used as antihypertensive drugs, have failed to show 
clinically significant prognostic improvements in HFpEF, 
unlike in HFrEF. These differences were also evident in 
epidemiological studies. For example, a Japanese chronic 
HF registry-based study showed that most patients with 
HFpEF and nearly half of those with HFrEF remained in 
their respective categories throughout a 3-year follow-up 
period [10]. A study consisting of 3480 consecutive Japa-
nese patients with HF showed that HFpEF transitioned to 
HFrEF in only 4% of them after 3 years, whereas HFrEF 

at registration transitioned to HFpEF and HFmrEF in 
26 and 21% of patients, respectively, at 3 years, suggest-
ing reverse remodeling after treatment [10]. These find-
ings further support the idea that HFpEF and HFrEF are 
distinct syndromes with fundamental pathophysiologi-
cal differences and etiologies. Similarly, in another long-
term longitudinal study of ambulatory HFpEF patients, 
LVEF remained ≥50% in most patients with HFpEF for 
11 years, and only 1.6% of patients evolved to LVEF < 50% 
[17]. Therefore, approaching HFrEF and HFpEF differ-
ently when examining their associations with hyperten-
sion is imperative.

Association between hypertension and HF
Hypertension is widely recognized as one of the most 
important risk factors of HFpEF [18]. Increased LV fill-
ing pressure and chronic myocardial remodeling due to 
hypertension are considered the primary mechanisms 
leading to the development of HFpEF [19]. Elevated 
systolic BP (SBP) is notably observed in patients with 
HFpEF, with a 3% rise in the likelihood of prevalent 
HFpEF for every 1 mmHg increase in SBP > 120 mmHg in 
an acute HF setting [20].

In terms of HFrEF, the association manifests distinc-
tively. According to the European Society of Cardiology 
Heart Failure Long-Term Registry, the largest pan-Euro-
pean cohort of patients with real-world chronic HF in the 
full spectrum of LVEF, HFrEF accounts for approximately 
60% of all patients in the registry [21]. This registry data 
showed that mean SBP tends to be lower in HFrEF than 
in other categories, with 121.6 ± 20.8 mmHg in HFrEF, 
126.5 ± 21.1 mmHg in HFmrEF, and 130.9 ± 21.4 mmHg 
in HFpEF. The use of antihypertensive therapy differed 
notably between the HFrEF and HFpEF groups, with 56% 
for HFrEF and 67% for HFpEF. Regarding the underlying 
etiology of HF, nearly half of HFrEF cases (49%) occur 
due to ischemic heart disease, approximately one-third 
(35%) is caused by idiopathic dilated cardiomyopathy, 
and only 4.5% is due to hypertension itself. In contrast, 
HFpEF has a different etiology, with 18% of cases occur-
ring due to hypertension, approximately a quarter due to 
ischemic heart disease, and 12% due to idiopathic dilated 
cardiomyopathy.

An analysis of the Organized Program to Initiate Life-
saving Treatment in Hospitalized Patients with Heart 
Failure (OPTIMIZE-HF) registry based on the United 
States population mirrors these distinctions [14]. The 
etiology of HF was ischemic in a higher percentage of 
patients with HFrEF than in those with HFpEF (54% vs. 
38%, P < 0.0001), whereas the hypertensive etiology was 
more common in patients with HFpEF than in those 
with HFrEF (28% vs. 17%, P < 0.0001). Interestingly, when 
further stratified by LVEF, a hypertensive etiology was 



Page 3 of 15Chun and Kang ﻿Clinical Hypertension           (2024) 30:15 	

significantly predominant in HFpEF (LVEF, > 50%) than 
in HFmrEF (LVEF, 41–49%) at a rate of 31% versus 22% 
(P < 0.0001). In the Korean Acute Heart Failure (KorAHF) 
registry, which is a prospective multicenter cohort regis-
try including more than 5600 patients with acute heart 
failure from 10 tertiary hospitals in the Republic of Korea, 
the prevalence of hypertension was 62.2%; ischemic etiol-
ogy accounted for 37.6%, and idiopathic dilated cardio-
myopathy comprised 15.3% of the cases [22], which is in 
line with the European HF registry. When divided based 
on LVEF, the prevalence of hypertension was higher in 
patients with HFpEF (64%) than in those with HFrEF 
(56%).

These observations suggest that while some variability 
may be influenced by factors such as race, region, and 
specific registry characteristics, a stronger association 
exists between high BP and HFpEF than between high BP 
and HFrEF in the overall population with HF.

Hypertensive AHF
Acute HF (AHF) is caused by the acute or subacute dete-
rioration of heart function, leading to pulmonary edema 
and subsequent symptoms such as dyspnea or edema. 
Given that these symptoms are primarily caused by vol-
ume overload, treatment strategies are based on this 
assumption [23]. However, a closer look reveals that the 
aggravating factors of HF are diverse, resulting in distinct 
phenotypes of AHF that necessitate more specialized 
treatments. These phenotypes can occur as acute exacer-
bation of preexisting chronic HF, or as a new onset (de 
novo) HF. Concerning the relationship between BP and 
AHF, lowering the ventricular filling pressure plays a cru-
cial role in AHF management, especially when hyperten-
sion is concurrently present [24].

AHF is a complex and multifaceted condition charac-
terized by diverse etiologies, distinct pathophysiologi-
cal mechanisms, varying risk profiles, and treatment 
responses [25, 26]. This heterogeneity poses significant 
challenges when conducting randomized controlled tri-
als aimed at comprehensively investigating AHF. In this 
context, we often encounter a specific form of AHF 
where “high BP” is clearly the cause or is strongly sus-
pected of contributing to the pathogenesis, which is com-
monly referred to as “hypertensive acute heart failure 
(H-AHF)”. This clinical phenomenon is characterized by 
a dramatic improvement in clinical signs and symptoms 
by BP-lowering treatment, which is also the goal of treat-
ment. In previous studies, the H-AHF has often been 
defined by the following two features [23, 24, 27, 28]: (1) 
SBP ≥ 140 mmHg and (2) acute cardiogenic pulmonary 
edema, often with rapid onset.

Within the spectrum of AHF, approximately half of 
the patients may exhibit an SBP > 140 mmHg [29–31], 

although not all cases are categorized as H-AHF. H-AHF 
is particularly characterized by the sudden onset of 
symptoms, notably pulmonary edema, which distin-
guishes it from other forms of AHF [23, 28]. A more obvi-
ous characteristic of H-AHF is the presence of severely 
elevated BP (≥160–180 mmHg), with pulmonary edema 
developing in a matter of hours, and no other cause of 
AHF except hypertension [24, 31]. However, because of 
this vague definition and characterization, there is a large 
variation in prevalence between the registries; this phe-
notype is reported as 4% in the KorAHF registry [22] 
and approximately 11% in the European or US HF reg-
istries [21, 30, 31]. In particular, for HFrEF, hypertensive 
etiology is reported as 4.5% in the European registry [21] 
and 2.9% in the KorAHF registry [22]. This difference is 
thought to be due to demographic variations and ambi-
guity in the definition of diagnosis.

Several studies have investigated the association 
between symptom duration and the clinical features 
of patients with H-AHF. One study examined whether 
dyspnea occurred in ≤7 or > 7 days, and found that the 
latter was associated with higher in-hospital worsen-
ing of HF and 1-year cardiovascular mortality and less 
improvement in symptoms within 48 hours [32] . In the 
group with onset ≤7 days, SBP was significantly higher 
(138 mmHg vs. 121 mmHg) and moderate-to-severe 
pulmonary edema was more frequent (33% vs. 8%) com-
pared to cases with onset > 7 days. Although these find-
ings do not precisely delineate the threshold for a “rapid” 
onset indicative of H-AHF pathophysiology, they do pro-
vide knowledge regarding the phenotype. In other words, 
H-AHF may manifest as the most severe form of AHF 
with high BP; however, it also exhibits a relatively favora-
ble prognosis [24, 32–36]. This is supported by studies 
showing that among patients with AHF presenting to the 
emergency department, high BP is often a predictor of 
low risk [27, 34–36].

A recent post hoc analysis demonstrated that treat-
ment effectiveness varied with BP [37]. It has been rec-
ommended that SBP should be lowered by ≤25% in 
H-AHF [24, 27, 38]. Patients treated with vasodilators 
who achieved an SBP reduction ≤25% within 6 hours of 
emergency room arrival had a better diuretic response 
and lower 1-year mortality than those with SBP reduc-
tion > 25% [39]. In this regard, vasodilators are hypoth-
esized to improve outcomes by mitigating end-organ 
damage in patients with H-AHF, potentially by influ-
encing both preload and/or afterload [24], and they can 
generally be used safely in H-AHF and may provide ben-
efits when applied to appropriate patients. Unfortunately, 
despite numerous randomized clinical trials in this pop-
ulation over the past two decades, no vasodilator has 
shown any mortality benefit [40]. This is due to the fact 



Page 4 of 15Chun and Kang ﻿Clinical Hypertension           (2024) 30:15 

that AHF is a heterogeneous condition with diverse etiol-
ogies and pathophysiology, and stratifying and enrolling 
specific subgroups with predictable treatment responses 
is challenging. Although there is a lack of evidence from 
randomized clinical trials, intravenous nitroglycerin, 
which is still the most familiar vasodilative agent among 
clinicians, can be administered safely and effectively to 
improve outcomes in patients with AHF and severely 
high BP [41].

Prognostic value of BP in HF
We recognize that there is no alternative to BP measure-
ment as a source of clinical information regarding the 
hemodynamic status of patients with HF. Indeed, owing 
to its simplicity in measurement and widespread avail-
ability, BP is of paramount clinical importance in guiding 
the treatment of patients with HF. Furthermore, arterial 
hypertension is considered one of the most common 
comorbidities [3] and a precursor of HF [4]. Table 1 [42–
57] shows the previous clinical trials and observational 
studies on the prognosis of BP in patients with and with-
out HF.

In general, associating a higher BP with a greater inci-
dence of HF is reasonable. In a population-based lon-
gitudinal observational study including 5888 adults 
aged ≥65 years, isolated systolic hypertension (SBP 
≥140 mmHg) was associated with an increased risk 
of incident HF compared to subjects without isolated 
systolic hypertension during a follow-up duration of 
8.7 years [54]. Regarding the clinical prognosis of low ver-
sus high BP, the Valsartan Antihypertensive Long-term 
Use Evaluation (VALUE) trial, which enrolled a high-
risk population of 15,244 hypertensive patients, showed 
no evidence for an increased risk of adverse outcome in 
patients with low BP [56]. This observation holds true for 
hypertensive patients in general and for those at high risk 
of cardiovascular disease without a history of HF. How-
ever, in patients who have already been diagnosed with 
HF, the clinical significance of BP appears to differ from 
that in the general population or in those with other car-
diovascular diseases.

A retrospective longitudinal study showed that a 
low SBP (< 90 mmHg) was associated with poor sur-
vival in patients with chronic HF [21]. Notably, when 
the subjects were categorized based on SBP levels (< 90, 
90–109, 110–129, and > 129 mmHg), as BP increased, 
the prognosis tended to improve in the group with SBP 
> 129 mmHg. Interestingly, this study also showed that 
pronounced long-term changes in SBP were associated 
with poor prognosis in this population. This result is in 
line with a previous study, which suggested the concept 
of “reverse epidemiology” that implies an improved sur-
vival rate in patients with HF with an elevated BP [58]. 

Several studies have reported a similar association, and 
this correlation is reminiscent of the “obesity paradox,” 
the relationship between HF and obesity. A post hoc 
analysis of OPTIMIZE-HF registry showed that, com-
pared to SBP ≥ 130 mmHg at discharge, SBP < 130 mmHg 
was not associated with outcomes, but SBP < 120 mmHg 
at discharge was associated with a higher risk of death 
among hospitalized elderly HFpEF patients with hyper-
tension [52]. Recent observational studies have also indi-
cated that low SBP is associated with poor prognosis in 
patients with HFpEF [59, 60].

It is not surprising that low BP might be considered 
harmful, as it can serve as a marker of worse health 
conditions. Even among patients on maximal guide-
line-directed medication therapy (GDMT), those with 
SBP < 110 mmHg have been shown to be at increased risk 
of readmission for HF [44], and this association remained 
significant despite no evidence of more severe disease or 
a greater burden of comorbidities in those with low BP 
[46].

While most of these data analyzed prognosis based 
on baseline BP, the analysis from the KorAHF regis-
try focused on on-treatment BP during follow-up [50]. 
Among the 4487 patients hospitalized for acute HF, SBP 
and diastolic BP (DBP) above and below the reference 
BP were associated with increased mortality. A nadir of 
132.4/74.2 mmHg was associated with the lowest mortal-
ity rate in this cohort, especially for those with HFpEF. 
However, in patients with HFrEF, the mortality risk 
increased significantly only in the lower BP range and not 
in the higher BP range. In detail, the lowest risk of mor-
tality was observed at an SBP/DBP of 136.0/76.6 mmHg 
for HFrEF, and at 127.9/72.7 mmHg for HFpEF. This pat-
tern of association with BP profile was also described in a 
previous study [61], although the classification of HF was 
comparatively different; patients with mild-to-moderate 
LV systolic dysfunction (LVEF, 30–50%) had a U-shaped 
association with mortality, but patients with severe LV 
systolic dysfunction (LVEF, < 30%) had a linear relation-
ship with lower SBP, which was associated with increased 
mortality. Thus, it can be inferred that the association 
among HFrEF, HFpEF, and BP had a relatively different 
pattern. Taken together, these results suggest that there 
may be a safer BP range in HF, although it is not clear-
cut; lower BP is associated with a higher risk in HFrEF 
and HFpEF, and while HFrEF has a wider margin of safety 
for higher BP, HFpEF has a narrower margin of safety 
because higher BP is also associated with increased risk 
in HFpEF compared to that in HFrEF (Fig. 1).

Medication affecting BP in HF
Most agents proven to have a survival benefit in HF 
have the potential to lower BP (such as ACEis, ARBs, 



Page 5 of 15Chun and Kang ﻿Clinical Hypertension           (2024) 30:15 	

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 c
lin

ic
al

 tr
ia

ls
 a

nd
 o

bs
er

va
tio

na
l s

tu
di

es
 o

n 
pr

og
no

si
s 

w
ith

 re
sp

ec
t t

o 
BP

 in
 s

ub
je

ct
s 

w
ith

 a
nd

 w
ith

ou
t H

F

St
ud

y
Pa

rt
ic

ip
an

ts
M

et
ho

ds
/in

te
rv

en
tio

n
Cl

in
ic

al
 e

nd
po

in
t

A
ss

oc
ia

tio
n 

of
 B

P 
an

d 
ou

tc
om

es

RC
T 

fo
r p

at
ie

nt
s 

w
ith

 H
F

 R
ou

le
au

 e
t a

l. 
[4

2]
 (C

O
PE

RN
IC

U
S 

st
ud

y,
 

20
04

)
22

89
 P

at
ie

nt
s 

w
ith

 c
hr

on
ic

 H
F 

(L
VE

F 
<

 2
5%

)
1:

1 
Ra

nd
om

iz
ed

 tr
ia

l (
ca

rv
ed

ilo
l v

s. 
pl

ac
eb

o)
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
Lo

w
es

t S
BP

 h
ad

 th
e 

hi
gh

es
t r

is
k 

of
 e

ve
nt

 L
ee

 e
t a

l. 
[4

3]
 (2

00
6)

a
57

47
 P

at
ie

nt
s 

w
ith

 H
F 

(L
VE

F 
<

 4
5%

)
1:

1 
Ra

nd
om

iz
ed

 tr
ia

l (
di

go
xi

n 
vs

. p
la

ce
bo

)
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
SB

P 
<

 1
00

 m
m

H
g 

ha
d 

a 
hi

gh
er

 ri
sk

 o
f m

or
‑

ta
lit

y 
co

m
pa

re
d 

to
 S

BP
 o

f 1
30

–1
39

 m
m

H
g 

(H
R,

 1
.6

5;
 9

5%
 C

I, 
1.

25
–2

.1
7)

 D
es

ai
 e

t a
l. 

[4
4]

 (2
01

0)
b

27
06

 P
at

ie
nt

s 
w

ith
 c

hr
on

ic
 H

F, 
LV

EF
 

≤
35

%
, N

YH
A

 II
I o

r I
V

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

bu
ci

nd
ol

ol
 v

s. 
pl

ac
eb

o)
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
Se

co
nd

ar
y 

en
dp

oi
nt

: H
F 

re
ad

m
is

si
on

SB
P 

≤
12

0 
m

m
H

g 
ha

d 
a 

hi
gh

er
 ri

sk
 o

f H
F 

re
ad

m
is

si
on

 c
om

pa
re

d 
to

 S
BP

 >
 1

20
 m

m
H

g,
 

bu
t h

ad
 n

o 
as

so
ci

at
io

n 
w

ith
 a

ll-
ca

us
e 

m
or

ta
lit

y

 B
an

ac
h 

et
 a

l. 
[4

5]
 (2

01
1)

a
77

85
 P

at
ie

nt
s 

w
ith

 c
hr

on
ic

 s
ys

to
lic

 
an

d 
di

as
to

lic
 H

F 
(N

YH
A

 I–
III

; m
ea

n 
LV

EF
, 

29
%

)

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

di
go

xi
n 

vs
. p

la
ce

bo
)

Pr
im

ar
y 

en
dp

oi
nt

: a
ll-

ca
us

e 
m

or
ta

lit
y

Se
co

nd
ar

y 
en

dp
oi

nt
: c

au
se

-s
pe

ci
fic

 
m

or
ta

lit
y 

an
d 

re
ad

m
is

si
on

SB
P 

≤
12

0 
m

m
H

g 
ha

d 
a 

hi
gh

er
 ri

sk
 o

f C
V 

m
or

ta
lit

y 
an

d 
al

l-c
au

se
, C

V,
 a

nd
 H

F 
re

ad
‑

m
is

si
on

 c
om

pa
re

d 
to

 S
BP

 >
 1

20
 m

m
H

g,
 

bu
t h

ad
 n

o 
as

so
ci

at
io

n 
w

ith
 a

ll-
ca

us
e 

m
or

ta
lit

y

 B
öh

m
 e

t a
l. 

[4
6]

 (P
A

RA
D

IG
M

-H
F 

tr
ia

l, 
20

17
)

84
42

 P
at

ie
nt

s 
w

ith
 H

Fr
EF

 (L
VE

F, 
≤

40
%

)
1:

1 
Ra

nd
om

iz
ed

 tr
ia

l (
sa

cu
bi

tr
il/

va
ls

ar
ta

n 
vs

. e
na

la
pr

il)
Pr

im
ar

y 
en

dp
oi

nt
: a

 c
om

po
si

te
 o

f d
ea

th
 

fro
m

 c
ar

di
ov

as
cu

la
r c

au
se

s 
or

 h
os

pi
ta

liz
a ‑

tio
n 

fo
r H

F
Se

co
nd

ar
y 

en
dp

oi
nt

: c
ar

di
ov

as
cu

la
r 

de
at

h,
 H

F 
ho

sp
ita

liz
at

io
n,

 a
nd

 a
ll-

ca
us

e 
de

at
h

Co
m

pa
re

d 
to

 b
as

el
in

e 
SB

P 
<

 1
10

 m
m

H
g 

gr
ou

p,
 ri

sk
 fo

r a
ll 

ou
tc

om
es

 w
as

 lo
w

er
 

w
ith

 h
ig

he
r S

BP
, a

lth
ou

gh
 le

ss
 c

le
ar

ly
 

in
 p

at
ie

nt
s 

w
ith

 S
BP

 ≥
14

0 
m

m
H

g

 S
el

va
ra

j e
t a

l. 
[4

7]
 (P

A
RA

G
O

N
-H

F 
tr

ia
l, 

20
19

)
47

95
 P

at
ie

nt
s 

w
ith

 H
Fp

EF
 (L

VE
F, 

≥
45

%
)

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

sa
cu

bi
tr

il/
va

ls
ar

ta
n 

vs
. v

al
sa

rt
an

)
Pr

im
ar

y 
en

dp
oi

nt
: c

ar
di

ov
as

cu
la

r d
ea

th
 

an
d 

to
ta

l (
fir

st
 a

nd
 re

cu
rr

en
t)

 H
F 

ho
sp

i ‑
ta

liz
at

io
ns

Ba
se

lin
e 

an
d 

m
ea

n 
ac

hi
ev

ed
 S

BP
 o

f 1
20

–
12

9 
m

m
H

g 
ha

d 
th

e 
lo

w
es

t r
is

k 
of

 p
rim

ar
y 

en
dp

oi
nt

Ba
se

lin
e 

SB
P 

di
d 

no
t m

od
ify

 th
e 

eff
ec

t 
of

 s
ac

ub
itr

il/
va

ls
ar

ta
n,

 a
nd

 it
s 

BP
-lo

w
er

in
g 

eff
ec

ts
 w

er
e 

no
t r

el
at

ed
 to

 it
s 

eff
ec

ts
 

on
 o

ut
co

m
es

 L
am

 e
t a

l. 
[4

8]
 (2

02
1)

c
50

50
 P

at
ie

nt
s 

w
ith

 c
hr

on
ic

 H
F 

(N
YH

A
 

II–
IV

; L
VE

F, 
<

 4
5%

)
Su

bg
ro

up
: >

 7
5 

yr
, b

as
el

in
e 

SB
P 

10
0–

11
0 

m
m

H
g,

 a
nd

 ta
ki

ng
 A

RN
I

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

ve
ric

ig
ua

t v
s. 

pl
ac

eb
o)

Pr
im

ar
y 

en
dp

oi
nt

: a
 c

om
po

si
te

 o
f d

ea
th

 
fro

m
 c

ar
di

ov
as

cu
la

r c
au

se
s 

or
 fi

rs
t h

os
pi

‑
ta

liz
at

io
n 

fo
r H

F
Sa

fe
ty

 e
nd

po
in

t: 
oc

cu
rr

en
ce

 o
f s

ym
pt

o ‑
m

at
ic

 h
yp

ot
en

si
on

 o
r s

yn
co

pe

Sa
fe

ty
 e

ve
nt

 ra
te

s 
w

er
e 

si
m

ila
r 

be
tw

ee
n 

bo
th

 a
rm

s 
w

ith
in

 e
ac

h 
su

bg
ro

up
Pr

im
ar

y 
en

dp
oi

nt
 w

as
 s

im
ila

r 
ac

ro
ss

 th
e 

sp
ec

tr
um

 o
f b

as
el

in
e 

SB
P

O
bs

er
va

tio
na

l s
tu

dy
 fo

r p
at

ie
nt

s 
w

ith
 H

F

 V
id

án
 e

t a
l. 

[4
9]

 (N
at

io
na

l H
ea

rt
 F

ai
lu

re
 

pr
oj

ec
t, 

20
10

)
56

,9
42

 P
at

ie
nt

s 
ag

ed
 ≥

65
 yr

 h
os

pi
ta

liz
ed

 
fo

r H
F

O
bs

er
va

tio
na

l s
tu

dy
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
H

ig
he

r S
BP

 o
n 

ad
m

is
si

on
 w

as
 s

ig
ni

fic
an

tly
 

as
so

ci
at

ed
 w

ith
 lo

w
er

 3
0-

da
y 

an
d 

1-
ye

ar
 

m
or

ta
lit

y
U

si
ng

 S
BP

 1
20

–1
49

 m
m

H
g 

as
 th

e 
re

fe
r ‑

en
ce

, o
dd

s 
ra

tio
 fo

r 1
-y

ea
r m

or
ta

lit
y 

w
er

e 
2.

18
 fo

r S
BP

 <
 9

0 
m

m
H

g 
an

d 
1.

57
 fo

r S
BP

 
90

–1
19

 m
m

H
g



Page 6 of 15Chun and Kang ﻿Clinical Hypertension           (2024) 30:15 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
Pa

rt
ic

ip
an

ts
M

et
ho

ds
/in

te
rv

en
tio

n
Cl

in
ic

al
 e

nd
po

in
t

A
ss

oc
ia

tio
n 

of
 B

P 
an

d 
ou

tc
om

es

 L
ee

 e
t a

l. 
[5

0]
 (2

01
7)

d
44

87
 P

at
ie

nt
s 

ho
sp

ita
liz

ed
 fo

r a
cu

te
 H

F 
(m

ea
n 

LV
EF

, 3
8%

)
O

bs
er

va
tio

na
l s

tu
dy

 (o
n-

tr
ea

tm
en

t B
P 

da
ta

 a
va

ila
bl

e 
fo

r p
at

ie
nt

s)
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
A

 n
ad

ir 
of

 1
32

.4
/7

4.
2 

m
m

H
g 

ha
d 

th
e 

lo
w

es
t 

m
or

ta
lit

y
SB

P 
an

d 
D

BP
 h

ad
 a

 re
la

tio
ns

hi
p 

w
ith

 in
cr

ea
se

d 
m

or
ta

lit
y 

ab
ov

e 
an

d 
be

lo
w

 
th

e 
re

fe
re

nc
e 

BP
In

 H
Fr

EF
, o

nl
y 

lo
w

er
 B

P 
w

as
 re

la
te

d 
w

ith
 in

cr
ea

se
d 

m
or

ta
lit

y

 A
ru

nd
el

 e
t a

l. 
[5

1]
 (2

01
9)

e
10

,5
35

 P
at

ie
nt

s 
w

ith
 H

Fr
EF

 (L
VE

F, 
≤

40
%

)
O

bs
er

va
tio

na
l s

tu
dy

 (p
ro

pe
ns

ity
-m

at
ch

ed
 

co
ho

rt
 a

na
ly

si
s)

Pr
im

ar
y 

en
dp

oi
nt

: a
ll-

ca
us

e 
m

or
ta

lit
y

Se
co

nd
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

re
ad

m
is

‑
si

on
 a

nd
 H

F 
re

ad
m

is
si

on

Co
m

pa
re

d 
to

 S
BP

 ≥
13

0 
m

m
H

g,
 S

BP
 

<
 1

30
 m

m
H

g 
ha

d 
a 

hi
gh

er
 ri

sk
 o

f m
or

ta
lit

y,
 

al
l-c

au
se

 re
ad

m
is

si
on

, a
nd

 H
F 

re
ad

m
is

si
on

 F
as

el
is

 e
t a

l. 
[5

2]
 (2

02
1)

e
67

78
 H

os
pi

ta
liz

ed
 H

Fp
EF

 p
at

ie
nt

s 
w

ith
 h

yp
er

te
ns

io
n

O
bs

er
va

tio
na

l s
tu

dy
Pr

im
ar

y 
en

dp
oi

nt
: a

ll-
ca

us
e 

m
or

ta
lit

y
Co

m
pa

re
d 

to
 S

BP
 ≥

13
0 

m
m

H
g,

 S
BP

 
<

 1
30

 m
m

H
g 

ha
d 

no
 a

ss
oc

ia
tio

n 
w

ith
 o

ut
‑

co
m

es
, b

ut
 S

BP
 <

 1
20

 m
m

H
g 

ha
d 

a 
hi

gh
er

 
ris

k 
of

 d
ea

th

N
or

m
al

 o
r h

yp
er

te
ns

iv
e 

po
pu

la
tio

n 
w

ith
ou

t H
F

 D
’A

go
st

in
o 

et
 a

l. 
[5

3]
 (F

ra
m

in
gh

am
 

st
ud

y,
 1

99
1)

52
09

 C
oh

or
t s

ub
je

ct
s 

(a
ge

 3
0–

62
 yr

, 
no

rm
al

 p
op

ul
at

io
n)

Lo
ng

itu
di

na
l c

oh
or

t s
tu

dy
Pr

im
ar

y 
en

dp
oi

nt
: d

ea
th

 fr
om

 c
or

on
ar

y 
ar

te
ria

l d
is

ea
se

D
BP

 h
ad

 a
 U

-s
ha

pe
d 

re
la

tio
n 

w
ith

 d
ea

th
 

fro
m

 c
or

on
ar

y 
ar

te
ria

l d
is

ea
se

 (S
BP

 
w

as
 n

ot
 s

ig
ni

fic
an

t)

 E
ku

nd
ay

o 
et

 a
l. 

[5
4]

 (2
00

9)
57

95
 C

oh
or

t s
ub

je
ct

s 
(a

ge
 ≥

 6
5 

yr
, n

or
m

al
 

po
pu

la
tio

n)
Lo

ng
itu

di
na

l c
oh

or
t s

tu
dy

 (p
ro

pe
ns

ity
-

m
at

ch
ed

 c
oh

or
t a

na
ly

si
s)

Pr
im

ar
y 

en
dp

oi
nt

: n
ew

 o
ns

et
 H

F
Is

ol
at

ed
 s

ys
to

lic
 h

yp
er

te
ns

io
n 

(S
BP

 
≥

14
0 

m
m

H
g)

 w
as

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
ris

k 
of

 in
ci

de
nt

 H
F, 

bu
t n

ot
 w

ith
 a

ll-
ca

us
e 

m
or

ta
lit

y

 B
an

ga
lo

re
 e

t a
l. 

[5
5]

 (2
01

0)
f

10
,0

01
 P

at
ie

nt
s 

w
ith

 c
or

on
ar

y 
he

ar
t 

di
se

as
e

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

at
or

va
st

at
in

 1
0 

m
g 

vs
. 8

0 
m

g 
pe

r d
ay

)
Pr

im
ar

y 
en

dp
oi

nt
: a

 c
om

po
si

te
 o

f d
ea

th
 

fro
m

 c
or

on
ar

y 
he

ar
t d

is
ea

se
, n

on
fa

ta
l, 

no
np

ro
ce

du
re

-r
el

at
ed

 m
yo

ca
rd

ia
l i

nf
ar

c ‑
tio

n,
 re

su
sc

ita
tio

n 
af

te
r c

ar
di

ac
 a

rr
es

t, 
or

 s
tr

ok
e

A
 n

ad
ir 

of
 1

46
.3

/8
1.

4 
m

m
H

g 
ha

d 
th

e 
lo

w
es

t 
ev

en
t r

at
e

SB
P 

or
 D

BP
 a

nd
 p

rim
ar

y 
ou

tc
om

e 
ha

d 
a 

J-
cu

rv
e 

re
la

tio
ns

hi
p 

w
ith

 in
cr

ea
se

d 
ris

k 
ab

ov
e 

an
d 

be
lo

w
 th

e 
re

fe
re

nc
e 

BP
 ra

ng
e

 K
je

ld
se

n 
et

 a
l. 

[5
6]

 (V
A

LU
E 

tr
ia

l, 
20

16
)

15
,2

44
 H

yp
er

te
ns

iv
e 

pa
tie

nt
s 

(4
5%

 h
ad

 
a 

hi
st

or
y 

of
 c

or
on

ar
y 

ar
te

ria
l d

is
ea

se
)

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

va
ls

ar
ta

n 
80

 m
g 

vs
. 

am
lo

di
pi

ne
 5

 m
g 

da
ily

)
Pr

im
ar

y 
en

dp
oi

nt
: t

im
e 

to
 fi

rs
t c

ar
di

ac
 

ev
en

t (
co

m
po

si
te

 o
f M

I, 
su

dd
en

 c
ar

di
ac

 
de

at
h,

 d
ea

th
 fr

om
 re

va
sc

ul
ar

iz
at

io
n 

pr
oc

ed
ur

e,
 H

F 
ho

sp
ita

liz
at

io
n,

 a
nd

 e
m

er
‑

ge
nc

y 
pr

oc
ed

ur
es

 to
 p

re
ve

nt
 M

I)

SB
P 

≥
15

0 
m

m
H

g 
ha

d 
a 

hi
gh

er
 ri

sk
 o

f e
nd

‑
po

in
t c

om
pa

re
d 

to
 S

BP
 o

f 1
30

–1
49

 m
m

H
g 

(S
BP

 <
 1

30
 m

m
H

g 
vs

. 1
30

–1
49

 m
m

H
g 

w
as

 n
ot

 s
ig

ni
fic

an
t)

 U
pa

dh
ya

 e
t a

l. 
[5

7]
 (2

01
7)

g
93

61
 H

yp
er

te
ns

iv
e 

pa
tie

nt
s 

w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 c
ar

di
ov

as
cu

la
r 

di
se

as
e

1:
1 

Ra
nd

om
iz

ed
 tr

ia
l (

in
te

ns
iv

e 
gr

ou
p,

 
ta

rg
et

 S
BP

 <
 1

20
 m

m
H

g 
vs

. s
ta

nd
ar

d 
gr

ou
p,

 ta
rg

et
 S

BP
 <

 1
40

 m
m

H
g)

Pr
im

ar
y 

en
dp

oi
nt

: a
cu

te
 d

ec
om

pe
ns

at
ed

 
H

F 
(h

os
pi

ta
liz

at
io

n 
or

 e
m

er
ge

nc
y 

de
pa

rt
‑

m
en

t v
is

it 
re

qu
iri

ng
 in

tr
av

en
ou

s 
di

ur
et

ic
 

or
 in

ot
ro

pi
c 

ag
en

ts
)

SB
P 

ta
rg

et
 <

 1
20

 m
m

H
g 

w
as

 s
ig

ni
fic

an
tly

 
as

so
ci

at
ed

 w
ith

 a
 lo

w
er

 ri
sk

 o
f a

cu
te

 
de

co
m

pe
ns

at
ed

 H
F 

ev
en

ts
 c

om
pa

re
d 

to
 ta

rg
et

 S
BP

 <
 1

40
 m

m
H

g

BP
 b

lo
od

 p
re

ss
ur

e,
 H

F 
he

ar
t f

ai
lu

re
, R

CT
​ ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l, 
CO

PE
RN

IC
U

S 
Ca

rv
ed

ilo
l P

ro
sp

ec
tiv

e 
Ra

nd
om

iz
ed

 C
um

ul
at

iv
e 

Su
rv

iv
al

, L
VE

F 
le

ft
 v

en
tr

ic
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n,

 S
BP

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 H
R 

ha
za

rd
 

ra
tio

, C
I c

on
fid

en
ce

 in
te

rv
al

, N
YH

A 
N

ew
 Y

or
k 

H
ea

rt
 A

ss
oc

ia
tio

n,
 C

V 
ca

rd
io

va
sc

ul
ar

, P
AR

AD
IG

M
-H

F 
Pr

os
pe

ct
iv

e 
Co

m
pa

ris
on

 o
f A

RN
I w

ith
 A

CE
i t

o 
D

et
er

m
in

e 
Im

pa
ct

 o
n 

G
lo

ba
l M

or
ta

lit
y 

an
d 

M
or

bi
di

ty
 in

 H
ea

rt
 F

ai
lu

re
, H

Fr
EF

 
H

ea
rt

 fa
ilu

re
 w

ith
 re

du
ce

d 
ej

ec
tio

n 
fr

ac
tio

n,
 P

AR
AG

O
N

-H
F 

Pr
os

pe
ct

iv
e 

Co
m

pa
ris

on
 o

f A
RN

I W
ith

 A
RB

 G
lo

ba
l O

ut
co

m
es

 in
 H

F 
w

ith
 P

re
se

rv
ed

 E
je

ct
io

n 
Fr

ac
tio

n,
 H

Fp
EF

 h
ea

rt
 fa

ilu
re

 w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n,

 A
RN

I 
an

gi
ot

en
si

n 
re

ce
pt

or
/n

ep
ril

ys
in

 in
hi

bi
to

r, 
D

BP
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 V
AL

U
E 

Va
ls

ar
ta

n 
A

nt
ih

yp
er

te
ns

iv
e 

Lo
ng

-t
er

m
 U

se
 E

va
lu

at
io

n,
 M

I m
yo

ca
rd

ia
l i

nf
ar

ct
io

n
a  A

 p
os

t h
oc

 a
na

ly
si

s 
of

 D
ig

ita
lis

 In
ve

st
ig

at
io

n 
G

ro
up

 (D
IG

) t
ria

l. 
b A

 p
os

t h
oc

 a
na

ly
si

s 
of

 B
et

a-
Bl

oc
ke

r E
va

lu
at

io
n 

of
 S

ur
vi

va
l T

ria
l (

BE
ST

) t
ria

l. 
c Su

bg
ro

up
 a

na
ly

si
s 

of
 V

er
ic

ig
ua

t G
lo

ba
l S

tu
dy

 in
 S

ub
je

ct
s 

w
ith

 H
ea

rt
 F

ai
lu

re
 

w
ith

 R
ed

uc
ed

 E
je

ct
io

n 
Fr

ac
tio

n 
(V

IC
TO

RI
A

) t
ria

l. 
d Ko

re
an

 A
cu

te
 H

ea
rt

 F
ai

lu
re

 (K
or

A
H

F)
 re

gi
st

ry
-b

as
ed

 s
tu

dy
. e O

rg
an

iz
ed

 P
ro

gr
am

 to
 In

iti
at

e 
Li

fe
sa

vi
ng

 T
re

at
m

en
t i

n 
H

os
pi

ta
liz

ed
 P

at
ie

nt
s 

w
ith

 H
ea

rt
 F

ai
lu

re
 (O

PT
IM

IZ
E-

H
F)

 
re

gi
st

ry
-b

as
ed

 s
tu

dy
. f A

 p
os

t h
oc

 a
na

ly
si

s 
of

 T
re

at
in

g 
to

 N
ew

 T
ar

ge
ts

 (T
N

T)
 tr

ia
l. 

g A
 p

os
t h

oc
 a

na
ly

si
s 

of
 S

ys
to

lic
 B

lo
od

 P
re

ss
ur

e 
In

te
rv

en
tio

n 
Tr

ia
l (

SP
RI

N
T)

 tr
ia

l



Page 7 of 15Chun and Kang ﻿Clinical Hypertension           (2024) 30:15 	

β-blockers, angiotensin receptor-neprilysin inhibitors 
[ARNIs], MRAs, and sodium glucose cotransporter 2 
[SGLT2] inhibitors) to a greater or lesser extent; however, 
not all BP-lowering treatments have the same beneficial 
effects, as summarized in Table 2 [12, 13, 16, 42, 62–78]. 
It is challenging to establish a direct relationship between 
the probability of clinical benefit and BP-lowering alone, 
particularly in more recent studies where the number 
of medications used in the study population was higher 
than that in previous studies. Additionally, in some cases, 
lowering the BP was neither beneficial nor detrimental, 
thereby complicating the assessment of contribution 
of BP to the benefits of GDMT in HF. These conflict-
ing results have raised the question of whether reduc-
tion in BP is due to the positive effects of drugs with 
BP-lowering effects or, conversely, whether these drugs 
have deleterious effects that are offset by the benefits of 
neurohumoral regulation [79]. Nevertheless, the impor-
tance of treating BP in HF is consensually recognized in 
the HF and hypertension guidelines [38, 80, 81] both of 
which recommend drugs that have been reliably demon-
strated in randomized clinical trials to improve outcomes 
as first-line therapy, especially for HFrEF [82].

Given that certain agents (such as metoprolol, carve-
dilol, and MRAs) without clear evidence of BP-lower-
ing effect, significantly improved outcomes in HFrEF 
[70, 83] and that some agents (such as calcium channel 

blockers [CCBs], moxonidine, and α-blockers) with sig-
nificant BP-lowering effects in the general hypertensive 
population had no/harmful effects on HFrEF [84, 85], it 
is now established that lowering BP per se is not associ-
ated with improved outcomes in HF. Instead, the focus 
has shifted to the class of drugs and how early they are 
initiated, forming the foundation of the current HF phar-
macotherapy with individualized combination therapy in 
addition to existing agents. In this regard, patients with 
HF who have low BP are often undertreated, and as the 
Change the Management of Patients with Heart Failure 
(CHAMP-HF) registry data show, low BP is an independ-
ent predictor of the underuse or underdosing of neuro-
hormonal antagonists [86]. Emphasizing that in certain 
cases, optimizing GDMT can be advantageous when 
patient tolerance permits, rather than refraining from 
medication solely due to BP concerns remains crucial.

Treatment for BP in patients with HF
Management of BP for incident HF
Recognizing the explicit risk of cardiovascular disease 
progression in patients with uncontrolled BP, consider-
ing hypertension as a precursor to HF remains crucial. 
The Staging Classification of Heart Failure (A, B, C, D), 
introduced by the American College of Cardiology/
American Heart Association in 2003, highlights the pre-
ventive aspect of HF and underscores the significance of 

Fig. 1  A conceptual safety margin (“green zone”) for blood pressure (BP) in each heart failure group. Heart failure with reduced ejection fraction 
(HFrEF) has a wide safety margin for BP, with a lower BP being at higher risk. Heart failure with preserved ejection fraction (HFpEF) has a relatively 
narrow safety margin for BP, with both higher and lower BP being at higher risk
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Table 2  Summary of studies on principal HF drugs affecting blood pressure

Study Intervention Control HF type Mean difference in 
SBP change (mmHg)

Mortality HHF Medication

ACEi

  SOLVD [62] (1991) Enalapril Placebo HFrEF ∆4.7 ↓ ↓ ↓ BB (8%)

  PEP-CHF [13] (2006) Perindopril Placebo HFpEF ∆3.0 ↓ ↔ ↔ BB (54%)
MRA (10%)

ARB

  Val-HeFT [63] (2001) Valsartan Placebo HFrEF ∆4.0 ↓ ↔ ↓ ACEi (93%)
BB (35%)

  CHARM-Added [64] (2003) Candesartan Placebo HFrEF ∆4.6 ↓ ↔ ↓ ACEi (100%)
BB (55%)
MRA (17%)

  CHARM-Preserved [12] (2003) Candesartan Placebo HFpEF ∆6.9 ↓ ↔ ↔ ACEi (19%)
BB (56%)
MRA (12%)

  I-PRESERVE [65] (2008) Irbesartan Placebo HFpEF ∆3.6 ↓ ↔ ↔ ACEi (25%)
BB (59%)
MRA (15%)

ARNI

  PARADIGM-HF [66] (2014) Sacubitril/valsartan Enalapril HFrEF ∆3.2 ↓ ↓ ↓ BB (93%)
MRA (56%)

  PARAGON-HF [67] (2019) Sacubitril/valsartan Valsartan HFpEF ∆4.5 ↓ ↔ ↔ ACEi/ARB (86%)
BB (80%)
MRA (26%)

BB

  COPERNICUS [42, 68] (2002) Carvedilol Placebo HFrEF ∆2.2 ↓ ↓ ↓ ACEi (97%)
MRA (19%)

  PRECISE [69] (1996) Carvedilol Placebo HFrEF ∆5.1 ↓ ↓ NA ACEi (96%)

  MERIT-HF [70] (1999) Metoprolol Placebo HFrEF ∆5.6 ↑ ↓ NA ACEi/ARB (95%)

  SENIORS [71] (2005) Nebivolol Placebo Both ∆2.0 ↓ ↔ ↔ ACEi/ARB (88%)
MRA (28%)

MRA

  TOPCAT [16] (2014) Spironolactone Placebo HFpEF ∆2.5 ↓ ↔ ↓ ACEi/ARB (84%)
BB (78%)

  EMPHASIS-HF [72] (2011) Eplerenone Placebo HFrEF ∆2.2 ↓ ↓ ↓ ACEi/ARB (93%)
BB (87%)

SGLT2 inhibitor

  EMPEROR-Reduced [73] (2020) Empagliflozin Placebo HFrEF ∆0.7 ↓ ↔ ↓ ACEi/ARB (70%)
ARNI (19%)
BB (95%)
MRA (71%)

  EMPEROR-Preserved [74] (2021) Empagliflozin Placebo HFpEF ∆1.2 ↓ ↔ ↓ ACEi/ARB (81%)
ARNI (2%)
BB (86%)
MRA (37%)

  DAPA-HF [75] (2019) Dapagliflozin Placebo HFrEF ∆1.3 ↓ ↓ ↓ ACEi/ARB (84%)
ARNI (11%)
BB (96%)
MRA (71%)

  DELIVER [76] (2022) Dapagliflozin Placebo HFpEF ∆1.8 ↓ ↔ ↓ ACEi/ARB (73%)
ARNI (5%)
BB (83%)
MRA (48%)

  PRAISE-2 [74] (2013) Amlodipine Placebo HFrEF ∆5.2 ↓ ↔ ↔ ACEi (99%)
BB (19%)
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risk factor management [87, 88]. Accumulating evidence 
shows that that antihypertensive treatment is beneficial 
for incident HF. In a meta-analysis that demonstrated 
substantial reductions in cardiovascular death, stroke, 
and HF compared to placebo, the most significant benefit 
derived from antihypertensive therapy was the preven-
tion of HF [89]. This analysis included 42 clinical trials 
with a total of 192,478 randomized patients and showed 
that low-dose diuretics significantly reduced the risk of 
stroke, cardiovascular mortality, and total mortality com-
pared to placebo, with relative risks of 0.71, 0.81, and 
0.90, respectively. The greatest reduction was observed in 
the risk of HF (relative risk, 0.51; 95% confidence interval, 
0.42–0.62). More specifically, another meta-analysis by 
Ettehad et al. [90] showed that for each 10-mmHg reduc-
tion in SBP, the risk of HF significantly decreased by 28%.

In Hypertension in the Very Elderly Trial (HYVET) 
study, active antihypertensive treatment with indapam-
ide, with or without perindopril, reduced the risk of inci-
dent HF by 64% in patients aged ≥80 years [91]. When 
comparing BP after 2 years of treatment, BP reduction 
was more modest in the perindopril group than that in 
the placebo group, with an additional reduction in SBP/
DBP of 15.0/6.1 mmHg. In addition to placebo-controlled 
trials, several studies comparing active treatment with 
standard treatment for hypertension have reported data 
on the incidence of HF. The Systolic Blood Pressure 
Intervention Trial (SPRINT), which assessed the role of 
intensive antihypertensive treatment with a target SBP 
< 120 mmHg, showed a 38% reduction of relative risk in 
the development of HF in the intensive treatment group 
[57].

Despite increasing evidence highlighting the signifi-
cant burden of HF associated with hypertensive heart 
disease, current hypertension treatment guidelines lack 

specific pharmacological strategies for managing patients 
beyond BP reduction [80, 81]. However, a position paper 
by the Heart Failure Association, in collaboration with 
the European Association of Preventive Cardiology, sug-
gests utilizing diuretics, ACEis, and ARBs to prevent 
HF in hypertensive patients [92]. This recommenda-
tion is based on a network meta-analysis encompassing 
26 trials, which showed that these three classes of anti-
hypertensive drugs were most effective in lowering the 
incidence of HF compared to placebo. Furthermore, the 
2023 European Society of Hypertension guidelines rec-
ommended lowering BP with five major antihyperten-
sive drugs including CCBs and β-blockers, in addition to 
the above three classes of drugs, to prevent HF develop-
ment [93]. In addition, if the target blood pressure is not 
achieved with these medications alone, additional medi-
cations (e.g., α-blockers) are recommended as needed.

Management of BP in established HF
For patients with established HF, the prognostic mean-
ing of BP is relatively different. Given that many HF drugs 
have BP-lowering effects, and that BP is one of the most 
important hemodynamic markers in cardiovascular dis-
ease and one of the few that can be measured directly in 
the clinic, BP targeting in HF is always of interest. How-
ever, there is no compelling evidence or guidelines on this 
aspect. Interestingly, standard HF therapy (with ACEi/
ARBs, ARNIs, and β-blockers) may induce hypotension, 
occasionally leading to drug discontinuation. However, 
current HF guidelines recommend uptitrating medica-
tions to the tolerance of patients and emphasize that 
repeated attempts at uptitration can result in optimiza-
tion, even if the initial attempts may fail [9, 94]. This is a 
substantial challenge and a gap between the ideal and the 
reality frequently encountered in clinical practice. The 

Table 2  (continued)

Study Intervention Control HF type Mean difference in 
SBP change (mmHg)

Mortality HHF Medication

  VICTORIA [77] (2020) Vericiguat Placebo HFrEF ∆Trajectory, slightly↓ ↔ ↓ ACEi/ARB (73%)
ARNI (15%)
BB (93%)
MRA (70%)

HF heart failure, SBP systolic blood pressure, HHF hospitalization for heart failure, ACEi angiotensin-converting enzyme inhibitor, SOLVD Studies of Left Ventricular 
Dysfunction, HFrEF heart failure with reduced ejection fraction, BB β-blocker, PEP-CHF Perindopril in Elderly People with Chronic Heart Failure, HFpEF heart failure with 
preserved ejection fraction, MRA mineralocorticoid receptor antagonist, ARB angiotensin receptor blocker, Val-HeFT Valsartan Heart Failure Trial, CHARM Candesartan 
in Heart Failure Assessment of Reduction in Mortality and Morbidity, I-PRESERVE Irbesartan in Heart Failure with Preserved Ejection Fraction, ARNI angiotensin 
receptor-neprilysin inhibitor, PARADIGM-HF Prospective Comparison of ARNI with ACEi to Determine Impact on Global Mortality and Morbidity in Heart Failure, 
PARAGON-HF Prospective Comparison of ARNI with ARB Global Outcomes in HF With Preserved Ejection Fraction, COPERNICUS Carvedilol Prospective Randomized 
Cumulative Survival, PRECISE Prospective Randomized Trial of the Optimal Evaluation of Cardiac Symptoms and Revascularization, NA not applicable, MERIT-HF 
Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure, SENIORS Study of Effects of Nebivolol Intervention on Outcomes and Rehospitalization in 
Seniors with Heart Failure, TOPCAT​ Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist, EMPHASIS-HF Eplerenone in Mild Patients 
Hospitalization and Survival Study in Heart Failure, SGLT2 sodium glucose cotransporter 2, EMPEROR Empagliflozin Outcome Trial in Patients with Chronic Heart 
Failure, DAPA-HF Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure, DELIVER Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved 
Ejection Fraction Heart Failure, PRAISE-2 Prospective Randomized Amlodipine Survival Evaluation-2, VICTORIA Vericiguat Global Study in Subjects with Heart Failure 
with Reduced Ejection Fraction
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following questions arise: Should we aggressively pursue 
different classes of HF medications, even in those who 
have low BP, high frailty, and especially, intolerance to 
BP-lowering medications? Alternatively, should we main-
tain a certain target BP, for example, an SBP between 110 
and 130 mmHg, even if it means discontinuing certain 
medications? The answers to these questions can be esti-
mated through previous literature, and we should at least 
attempt to learn from existing evidence.

Recommendations on BP in the treatment of HF from 
several guidelines for HF and hypertension are sum-
marized in Table  3 [9, 38, 81, 93, 95, 97, 98]. The 2021 
European Society of Cardiology HF guideline emphasizes 
striving to achieve target dose of each HF medication, 
and the 2023 European Society of Hypertension guideline 
recommends combining the medications (ACEis [ARBs 
if not tolerated], ARNIs, BBs, MRAs, and SGLT2 inhibi-
tors) that have been shown to have outcome benefits, 
particularly in HFrEF. It was common across guidelines 
that nondihydropyridine CCB agents were not recom-
mended in HFrEF.

Target BP in established HF
The 2017 American College of Cardiology Foundation/
American Heart Association guidelines for the man-
agement of HF recommend that optimal BP in those 
with hypertension and an increased risk of HF (stage A) 
should be < 130/80 mmHg [81]. In addition, patients with 
HFrEF and hypertension should be treated by GDMT 
titration to attain a target SBP < 130 mmHg. The target 
BP was also updated based on several clinical trials, pri-
marily the SPRINT trial [99]. The 2022 focused update of 
Korean Hypertension Society guideline for the manage-
ment of hypertension also mentioned that in patients 
with hypertension who are at high risk for HF or with HF, 
it is reasonable to control BP below 130/80 mmHg [98]. 
However, thus far, there are no compelling data to iden-
tify a simple BP target in patients with established HF.

In 2022, the American Heart Association/American 
College of Cardiology/Heart Failure Society of America 
updated guidelines for the management of HF, which 
stated that the optimal BP or antihypertensive regimens 
are not known for HFpEF and did not mention any BP 
goals for HFrEF at all [100]. As more pharmacological 
options become available in the modern era, the recent 
trend is toward maximizing GDMT within a tolerable 
range rather than providing a target BP. Here, the toler-
ability of an individual to treatment is assessed using 
safety indicators such as hypotension or renal insuffi-
ciency. If there are no adverse events, maximizing GDMT 
is deemed more important, suggesting that clinicians 
should not passively treat by solely providing a target BP.

Differences in BP management between those with HFrEF 
and HFpEF
In general, guideline-recommended BP management 
for HFpEF was not significantly different from that 
for HFrEF. The difference is that hypertension is not 
as prevalent in HFrEF as in HFpEF, and patients with 
HFrEF rarely have uncontrolled BP [95]. In hyperten-
sive patients, CCB is an option for BP control, although 
as mentioned above, the role of CCBs in HFrEF is lim-
ited (Table  2). However, the role of CCBs in HFpEF in 
the current era is not necessarily associated with worse 
HF outcomes. Although the Prospective Randomized 
Amlodipine Survival Evaluation-2 (PRAISE-2) study, 
which did not show the efficacy of amlodipine in HFrEF, 
had limited baseline medical treatment to ACEi (99%) 
and β-blocker use (19%) [78], a recent observational 
study on CCBs in HFpEF showed the noninferiority of 
CCBs, both dihydropyridines and nondihydropyridines, 
in addition to multiple drug usage, with β-blocker being 
used in more than two-thirds and MRA in one-quarter of 
the cases [101]. Although randomized clinical studies are 
required, evidence from studies on HFpEF suggests that 
CCB may still be effective in lowering BP and improving 
outcomes. In other words, it suggests that more aggres-
sive BP management is feasible and effective by utilizing 
conventional antihypertensive agents to improve out-
comes in patients with HFpEF compared to those with 
HFrEF. The 2023 European Society of Hypertension 
guideline also mentioned that the use of all major anti-
hypertensive drugs including CCBs are recommended in 
HFpEF, and the use of ARNIs or MRAs can be considered 
in HFpEF with lower LVEF spectrum (Table 3).

Time in BP target range in HF
A practical limitation of what we learn from clinical 
research is that BP measurements are taken only at a cer-
tain point in time. BP is a continuous metric that changes 
over time, so continuous BP monitoring and “time in 
target range” is also important for BP management, and 
some recent studies reinforce this point of view. Huang 
et al. [102] reported a post hoc analysis of the Treatment 
of Preserved Cardiac Function HF with an Aldosterone 
Antagonist (TOPCAT) trial, which compared the efficacy 
of spironolactone in patients with HFpEF and showed 
that the duration in the target range of SBP between 110 
and 130 mmHg was associated with better clinical out-
comes, including mortality and hospitalizations for HF. 
Moreover, subgroup analyses showed that it was more 
significant in younger patients than in older patients.

In addition, Chen et  al. [103] reported another post 
hoc analysis of data from the TOPCAT trial and the 
Beta-Blocker Evaluation of Survival Trial (BEST), which 
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showed that a longer duration of BP in the target range 
of SBP between 120 and 130 mmHg was associated with 
a lower risk of major adverse cardiovascular events in 
hypertensive patients with HF. Since the BEST trial 
enrolled patients with HFrEF and the TOPCAT trial 
enrolled patients with HFpEF, this post hoc study con-
cluded that a longer duration in the target range was 
highly associated with better cardiovascular outcomes 
regardless of LVEF. However, these studies were still lim-
ited by the fact that they did not analyze different combi-
nations of various HF drug classes. Therefore, additional 
studies with similar designs are anticipated to provide 
additional insights into BP management in the HFrEF 
population.

Conclusions
Most of the HF medications have a mechanism and 
effect of lowering BP. Addressing patients with marginal 
BP poses significant therapeutic challenges, particularly 
considering that several other medications or clinical 
situations can also lower BP. Given the association of low 
BP with adverse prognosis, establishing a target BP and 
determining the ideal treatment strategy are critical, yet 
complex.

Many of these questions remain unanswered. How do 
we set a target BP? Can we unify all patients with HF 
using a single target BP? How do we individualize treat-
ment and divide that subgroup? What evidence should 
we base our treatment on, and how do we categorize 
these patients for clinical research? How do we identify 
those who can benefit from further BP reduction and 
those who cannot? Which of the various HF medications 
should be titrated first for BP, when, and how much? 
Determining the optimal timing, dosage adjustments, 
and titration strategies for HF medication in the context 
of BP management requires further investigation.

Furthermore, the target BP varies depending on factors 
such as the patient’s condition, underlying comorbidi-
ties, etiology of HF, and the response of BP to medica-
tions. Some individuals have preserved tissue perfusion 
and no symptoms or signs of exercise intolerance or 
organ hypoperfusion even at lower BP, whereas others 
develop these dysfunctions even at normal or high BP. 
This highlights the difficulty of adopting a one-size-fits-
all approach for treating HF, and it is hoped that more 
targeted treatments will become available depending on 
the underlying pathogenesis of HF.
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