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Abstract

Heart failure (HF) is a complex clinical syndrome resulting from the impairment of ventricular filling or ejection of blood or both, leading
to considerable morbidity and mortality. Based on left ventricular ejection fraction (LVEF), the 2016 European Society of Cardiology
(ESC) guideline firstly classified patients with LVEF in the range of 40% to 49% into heart failure with mid-range ejection fraction. Since
then, more and more clinical studies targeting HF with mid-range ejection fraction emerged, indicating that they may benefit from similar
therapies to those with LVEF <40%. So the latest ESC guideline of HF changed the term ‘heart failure with mid-range ejection fraction’
to ‘heart failure with mildly reduced ejection fraction’ (HFmrEF). Simultaneously, burgeoning evidence indicating the emergence of
novel technologies (such as speckle tracking echocardiography, cardiac magnetic resonance quantitative imaging), and new biomarkers
were conducive to evaluating HF from different perspectives. In this review, we summarized the research progress of HFmrEF in clinical
characteristics, prognosis, and treatment, hoping to help cardiologists better evaluate and treat patients of HFmrEF.
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1. Introduction

Heart failure (HF) is a clinical syndrome resulting
from the dysfunction of ventricular systolic and/or diastolic
function caused by various reasons, leading to an increas-
ing disease burden worldwide. The mortality rate of HF
remains high, with approximately 2-17% of HF patients
died during hospitalization and 17-45% of HF patients died
within 1 year after admission [1]. The prevention and treat-
ment of HF are of vital significance. The 2016 European
Society of Cardiology (ESC) guideline [2] divided HF into
three categories based on left ventricular ejection fraction
(LVEF). For the first time, the concept of HF with mid-
range ejection fraction was formally introduced, with the
LVEF in the 40-50% range. Besides, patients with LVEF
<40% and >50% were defined as HF with reduced ejection
fraction (HFrEF) and HF with preserved ejection fraction
(HFpEF), respectively. Since then, there have been more
clinical studies targeting HF with mid-range ejection frac-
tion. The latest 2021 ESC guideline [3] demonstrated pa-
tients with ejection fractions in the 40-50% range may ben-
efit from similar therapies to those with LVEF <40%, lead-
ing to the change of the term ‘heart failure with mid-range
ejection fraction’ to ‘heart failure with mildly reduced ejec-
tion fraction’ (HFmrEF).

The mechanism of HFrEF was that the initial myocar-
dial damage triggers persistent myocardial injury and my-
ocardial remodeling, which eventually leads to a decrease
in cardiac output [4]. HFpEF represented a complex syn-
drome, secondary to many different but interacting patho-

physiological processes [5]. The phenotype and mecha-
nism of HFmrEF were complex, with many characteristics
between HFrEF and HFpEF [4,5]. Hence more compre-
hensive examination methods were needed for further anal-
ysis of HFmrEF. The emergence of more technologies is
conducive to the analysis of patients with HF from differ-
ent perspectives, such as speckle tracking echocardiogra-
phy (STE), cardiac magnetic resonance (CMR) quantitative
imaging, and new biomarkers, which can better distinguish
the characteristics of different types of HF and contribute
to diagnosis and prognosis. In this review, we summarized
the research progress of HFmrEF in clinical characteristics,
prognosis, and treatment, hoping to help cardiologists bet-
ter evaluate and treat patients of HFmrEF.

2. Epidemiology and clinical characteristics
2.1 Prevalence and etiology

Since the term HFmrEF was first proposed in 2016,
many clinical trials emerged, suggesting an HFmrEF preva-
lence of 12-25% among the overall HF population, which
was less than HFrEF but comparable to HFpEF (Table 1,
Ref. [6-11]). For etiology, Ischemic heart disease (IHD)
was the leading cause of HF, while the proportion of IHD
in HFrEF and HFmrEF was higher than HFpEF. A post
hoc analysis of Trial of Intensified versus standard Medical
therapy in Elderly patients with Congestive Heart Failure
[7] demonstrated the proportion of IHD in HFrEF, HFm-
rEF, and HFpEF was 58.2%, 56.5%, and 31.3%, respec-
tively, indicating HFmrEF was similar to HFrEF in is-
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Table 1. Summarized results of landmark trials in patients with HFrEF, HFmrEF and HFpEF.

Study Year Patient number Follow up (years) HFrEF (%) HFmrEF (%) HFpEF (%)
prevalence . . 49 12.8 38.2
Kapoor et al. [6] . 2016 99825 inhospital
mortality 3.06 2.62 3.02
. prevalence 65 17 18
Rickenbacher et al. [7] . 2017 622 2.2
mortality 38 42 39
) prevalence 59.8 242 16
Chioncel et al. [8] . 2017 9134 1
mortality 8.8 7.6 6.4
prevalence 56 21 23
Koh et al. [9] . 2017 42061 3
mortality 28.7 27.9 33
. prevalence 57 22 21
Lofman et al. [10] . 2017 40230 1
mortality 14.8 14.7 18.5
prevalence 57 17 26
Lund et al. [11] ) 2018 7598 2.9
mortality 30 15.8 16.6

Abbreviations: HFrEF, heart failure with decreased ejection fraction, HFmrEF, heart failure with mildly reduced ejection

fraction; HFpEF, heart failure with preserved ejection fraction.

chemic etiology. This was also confirmed by other studies
[6,8,11-14]. Dilated cardiomyopathy (DCM) was another
important cause of HF, which accounted for about 1/3 of
the total number of patients, with HFmrEF and HFrEF sig-
nificantly higher than HFpEF [7,8,14]. Differently, hyper-
tensive heart disease and valvular heart disease were more
common causes of HFpEF than the other two types [7,9].
Therefore, in terms of etiology, HFmrEF was more similar
to HFrEF than HFpEF (Fig. 1, Ref. [7,8,11-13]).

2.2 Comorbidities

The prevalence of hypertension (HT) and atrial fibril-
lation (AF) in HFmrEF were higher than HFrEF [7-9,11].
In contrast, the prevalence of diabetes mellitus (DM) and
chronic kidney disease (CKD) was comparable in HFmrEF
and HFrEF. Compared with HFpEF patients, the prevalence
of DM, anemia, AF, chronic obstructive pulmonary disease,
and CKD was lower in HFmrEF [7-10]. Regarding prog-
nosis, compared with HFpEF, the correlation between CKD
and mortality seemed to be stronger in HFrEF and HFmrEF,
which may be due to the close relationship between CKD
and the later stage of HF [10]. Similar to CKD, the effect
of DM on mortality seemed to be greater in HFmrEF and
HFrEF [15]. In contrast, AF had a similar impact on prog-
nosis among all three types of HF [16].

2.3 Prognosis

Kapoor et al. [6] firstly analyzed the situation of
99,825 in-hospital patients, indicating that HFmrEF had
the lowest in-hospital mortality of 2.62% while HFrEF ac-
counted for 4.06% and HFpEF accounted for 3.02%. With
regard to long-term prognosis, emerging studies demon-
strated that the mortality of HFmrEF was 7-42% with a me-
dian follow-up time ranged from 1 year to 3 years, which
was similar to HFpEF and slightly lower than HFrEF [7—

11]. Therefore, we should attach more importance to the
identification and management of HFmrEF. In terms of HF
hospitalization rate, HFmrEF was similar to the HFpEF but
significantly lower than HFrEF [8] (Table 1).

3. Cardiac imaging
3.1 Echocardiography

3.1.1 Changes of left ventricular ejection fraction

LVEF was the basis for the classification of HF. Prior
studies have shown that when LVEF was less than 45%, ev-
ery 10% decrease in ejection fraction increased the risk of
death by 39% [17]. However, LVEF in HF was not static
but often changed over time. Only about 1/3 of HFmrEF pa-
tients maintained a constant HF classification during long-
term follow-up [12,18], while some of the remaining pa-
tients converted to HFrEF (25-37%) and HFpEF (25-33%)
[19]. An observational study conducted by Lupon et al.
[12] including 940 patients with baseline LVEF <45% who
performed echocardiography at one year follow-up showed
that 24.8% of the patients had LVEF recovered to >45%,
which was called ejection fraction recovery HF (HFrecEF).
However, this study used an empirical cut-off point of 45%
to classify HF and did not further analyze patients of HFm-
rEF. Brann et al. [20] conducted a cohort study including
448 HFmrEF patients who had a prior record of echocardio-
graphy, indicating LVEF improved from less than 40% in
157 patients (35.0%), deteriorated from greater than 50%
in 224 patients (50.0%), and remained between 40% and
50% over time in 67 patients (15.0%). But it was a retro-
spective study and deleted about half of HFmrEF patients
who had not previously screened echocardiography, which
may cause an offset. The SwedeHF study [18] including
3134 HFrEF (63%), 937 HFmrEF (19%), and 886 HFpEF
(18%) patients at baseline indicated 16% HFrEF patients
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Fig. 1. Etiologies for HFrEF, HFmrEF and HFpEF. (A) 2017 Chioncel et al. [8]; (B) 2017 Lupén et al. [1
et al. [7]; (D) 2018 Lund et al. [11]; (E) 2017 Tsuji et al. [13].
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2]; (C) 2017 Rickenbacher

Abbreviations: HFrEF, heart failure with decreased ejection frac-

tion; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; DCM, dilated

cardiomyopathy; HT, hypertension; IHD, ischemic heart disease.

and 21% HFpEF patients transferred to HFmrEF group dur-
ing follow-up. And 38% of HFmrEF patients maintained
their classification of HF. Because the number of patients
with HFEF was the largest, most of HFmrEF patients were
converted from the increase of LVEF in HFrEF patients. A
similar result was also found by Rastogi et al. [21]. This
demonstrated that the majority of HFmrEF patients were
caused by an improvement in HFTEF patients (Fig. 2, Ref.

(18D

3.1.2 The influence of left ventricular ejection fraction
changes on prognosis

When LVEF changed with time, the prognosis of
patients seemed to be significantly different. Nadruz et
al. [22] conducted a study including 277 patients with
HFmrEF. They were divided into two groups according to
the changes of LVEF:HF with mid-range ejection fraction
and no recovered ejection fraction (HFmEF) and HFrecEF.
The results showed that the incidence of composite end-
point events of left ventricular assistant device implanta-
tion, heart transplantation, and all-cause mortality in the
HFrecEF group was significantly lower than that in the
HFmEF group (Hazard ratio [HR]: 0.31; 95% confidence
interval [CI]: 0.15-0.67). And there was also a trend to-
ward a lower risk of death (HR: 0.48; 95% CI: 0.22—-1.05; p
=0.067) in analyses adjusted for all potential confounders.
Lupdn et al. [12] followed up the patients for 4.6 years,
indicating the all-cause mortality and HF rehospitalization
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Fig. 2. Illustration of HF types changing with time. The bar

chart on the left showed the proportion of the three types of HF.
The figure on the right showed the transformation of different
types of HF during follow-up [18]. Abbreviations: HF, heart fail-
ure; HFrEF, heart failure with decreased ejection fraction, HFm-
rEF, heart failure with mildly reduced ejection fraction; HFpEF,

heart failure with preserved ejection fraction.

rates of HFTEF (HR: 1.74; 95% CI: 1.31-2.32) and HFpEF
(HR: 1.83; 95% CI: 1.27-2.65) were significantly higher
than HFrecEF, which demonstrated the prognosis of HFre-
cEF patients were better. A study conducted by Brann et
al. [20] also showed that compared with patients whose
LVEF improved from less than 40% to mid-range levels,
patients whose LVEF deteriorated from greater than 50%


https://www.imrpress.com

had a higher risk of all-cause mortality and HF hospitaliza-
tion (HR: 1.34; 95% CI: 1.10-1.82; p = 0.03) and cardio-
vascular mortality and HF hospitalization (HR: 1.71; 95%
CI: 1.08-2.50; p = 0.02). Therefore, in patients with HFm-
rEF, the recovery of LVEF represented a better prognosis,
while the deterioration of LVEF represents a worse progno-
sis, emphasizing the importance of early identification of
this part of patients.

3.1.3 Global longitudinal strain

Although LVEF was used as the primary inclusion cri-
teria in clinical trials to determine effective drugs and de-
vices for HF patients, this was mainly applicable to HFrEF.
And when LVEF was over 45%, the risk of end-point events
was relatively stable with the increase of LVEF [17,23], in-
dicating that LVEF had limitations in assessing prognosis.
The strain imaging technique has become a powerful tool
for accurately quantifying myocardial structure (including
longitudinal, circumferential, radial, and area strain) [24].
The global longitudinal strain (GLS) was considered to be
the most reliable parameter, which mainly reflected the con-
tractile function of the subendocardial layer of the left ven-
tricular wall [25] and was sensitive to early disease detec-
tion of left ventricular dysfunction [24]. Moreover, GLS
was closely related to the prognosis of patients with HF.
Chang et al. [26] conducted a retrospective study including
273 HFmrEF patients who were divided into three groups in
the follow-up period: HF with worse EF (HFwEF) (LVEF
<40%), HF with similar EF (HFsEF) (LVEF: 40—49%), and
HFrecEF (LVEF >50%), indicating that baseline GLS was
associated with follow-up LVEF change (HFWEF vs. HF-
SEF vs. HFrecEF: —7.8% vs. —10.5% vs. —17.5%, p < 0.05).
This suggests that GLS is of great significance in risk strat-
ification of patients with HFmrEF. A meta-analysis of 16
observational studies showed that the increase in the abso-
lute value of GLS was independently associated with lower
mortality (HR: 0.50; 95% CI: 0.36-0.69) and had a greater
impact on mortality than LVEF, emphasizing that monitor-
ing GLS during follow-up was of great significance to com-
prehensively evaluate the prognosis of patients [27]. In ad-
dition, GLS was a better prognostic indicator than LVEF in
predicting readmission and malignant arrhythmias in HF.
The prognostic value of LVEF was lost in HFmrEF and
HFpEF, while GLS had an independent prognostic value
in this population. Stanton et al. [28] found that GLS
was still an independent risk factor for all-cause death in
patients with LVEF >35% and can further provide prog-
nostic information based on LVEF. Chang et al. [26] fur-
ther demonstrated in HFmrEF patients, baseline GLS (HR:
1.26; 95% CI: 1.17-1.86) and GLS change (HR: 1.12; 95%
CI: 1.03-1.22) in the follow-up period were all associated
with cardiovascular death. Using —11% as a cut-off value in
the multivariable analysis, left ventricular GLS >—-11% was
independently associated with cardiovascular death (HR:
3.21; 95% CI: 1.03-9.95). In conclusion, monitoring GLS

plays an important role in evaluating the prognosis of pa-
tients with HF, especially in patients with HFmrEF.

3.2 Cardiac magnetic resonance
3.2.1 Late gadolinium enhancement

Sudden cardiac death (SCD) was one of the leading
causes of death in patients with HF, especially in patients
with mild symptoms. Implantable cardioverter defibrillator
(ICD) implantation was an effective measure for prevent-
ing and treating SCD. The 2021 ESC guideline [3] only re-
garded HFrEF as an indication for ICD implantation and
omit HFmrEF and HFpEF. Notably, although patients with
LVEF <35% were at the highest absolute risk of death,
more than 70% of SCD in patients with CAD occurred in
patients with LVEF >35%, leaving most subjects at risk
largely uncaptured by an LVEF-centered risk stratification
[29,30]. This highlights the importance of risk stratification
for HFmrEF and HFpEF patients.

Myocardial fibrosis could be caused by a variety of
pathological processes, and its existence was related to poor
clinical prognosis. CMR can provide a non-invasive assess-
ment of cardiac structure, function, and tissue characteris-
tics, among which late gadolinium enhancement (LGE) was
one of the most crucial examination methods for myocardial
fibrosis. A prospective study by Halliday ez al. [31] includ-
ing 399 DCM patients with LVEF >40% indicated that pa-
tients with LGE had a significantly higher risk of SCD than
those without LGE (HR: 9.2; 95% CI: 3.9-21.8). In ad-
dition, Klem et al. [32] found in patients with LGE, the
incidence of end-point events in patients with LVEF >30%
was similar to that in patients with LVEF <30%, indicating
both HFmrEF and HFpEF patients may benefit from ICD
implantation. But more studies are still needed to confirm
its clinical application.

3.2.2 T1 mapping

Although LGE was the gold standard for detecting
myocardial fibrosis and evaluating myocardial viability, it
can only be analyzed qualitatively and semi-quantitatively.
CMR T1 mapping technique was a novel tool that allowed
non-invasive quantitative analysis of intercellular and dif-
fuse myocardial fibrosis [33]. The two most common mea-
surements were native T1 and extracellular volume fraction
(ECV).

Native T1 reflects the mixed signal of cardiomy-
ocyte and extracellular stroma. Diseases that lead to car-
diomyocyte edema (such as acute myocardial infarction,
myocarditis) and extracellular interstitial volume increase
(such as myocardial fibrosis) can increase native T1. Doe-
blin et al. [34] demonstrated that compared with healthy
controls (972 £ 31 ms) and HFpEF (985 + 32 ms), the na-
tive T1 of HFmrEF ((1027 + 40 ms) and HFrEF (1033 +
54 ms) were significantly increased. With respect to prog-
nosis, a study conducted by Puntmann ef al. [35] includ-
ing 637 patients with non-ischemic dilated cardiomyopa-
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thy (NIDCM) showed that native T1 in patients with all-
cause death was significantly higher than in patients with-
out (1068 ms vs. 994 ms, p < 0.001). And its ability to
predict end-point events was higher than that of LGE. Since
the average LVEF of included patients was 43% (39-46%),
it could be inferred that native T1 may have a strong prog-
nostic value in patients with HFmrEF. However, it should
be noted that the normal value of native T1 varies with the
magnetic field strength of the main magnet [36]. In ad-
dition, this study only included patients with NIDCM, so
further validation in patients with other etiologies was still
needed.

Based on the T1 mapping technique, ECV was a new
index calculated by obtaining T1 value and hematocrit be-
fore and after injection of contrast agent, which used a spe-
cific formula to reflect the percentage of extracellular in-
terstitial volume in the whole myocardial volume. Extra-
cellular matrix expansion was a key factor in ventricular
remodeling and a potential therapeutic target, while ECV
was a marker of myocardial remodeling. A study by Treibel
et al. [37] including 1714 patients with HF, with a mean
LVEF of 57% (45—64%), demonstrated that ECV was inde-
pendently associated with multiple end-points including all-
cause death and HF readmission (HR: 1.41, 95% CI: 1.26—
1.59). And there were 547 patients in the LVEF <50% sub-
group. Further analysis showed that ECV was still an inde-
pendent risk factor for end-point events (HR: 1.21; 95% CI:
1.02—1.44), suggesting that ECV may be an important prog-
nostic indicator in HFmrEF. Since this is a relatively new
technology, more research is needed.

3.2.3 Cardiac magnetic resonance feature tracking

CMR feature tracking (CMR-FT) technique used tis-
sue voxel motion tracking on steady-state free precession
images to measure longitudinal, circumferential, and ra-
dial left ventricular strain. Similar to STE, CMR-FT was
rapid and semi-automated, required no additional scans
and sequences, and reduced post-processing time. There
was a good correlation between CMR-FT and two dimen-
sional/three dimensional-STE in GLS (» = 0.83 and 0.87)
[38]. Furthermore, CMR-FT could avoid the poor image
situation of STE effectively. In different HF groups, GLS
measured by CMR-FT was similar to that measured by
STE. The absolute value of GLS (-15.7% =+ 2.1%) in HFm-
rEF was significantly lower than that in normal controls and
HFpEF patients but higher than that in HFrEF patients [33].
In terms of prognosis, a multicenter study by Romano et
al. [39] including 1012 patients of HFmrEF and HFrEF
showed that GLS measured by CMR-FT was independently
correlated with all-cause death (HR: 1.89; p < 0.001) and
could show additional predictive value for all-cause death
based on LGE.
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4. Biomarkers
4.1 N-Terminal pro-B-type natriuretic peptide

HF causes cardiac pressure or volume overload, lead-
ing to the increased secretion of pro-B-type natriuretic pep-
tide (BNP), which can be split into BNP, with the effect
of not only decreasing angiotensin and aldosterone but also
causing the vasodilation of arteries, and N-Terminal pro-
BNP (NT-pro BNP) without any biological activity (Fig. 3).
NT-pro BNP has been proved to be of diagnostic and prog-
nostic value in patients with HFrEF and HFpEF [40,41].
With respect to HFmrEF, an observational study involv-
ing 9847 outpatients with HF [42] showed that the median
NT-pro BNP of HFmrEF patients was 1540 pg/mL, lower
than 2288 pg/mL of HFrEF, and higher than 1428 pg/mL
of HFpEF. Although NT-pro BNP in HFmrEF patients was
lower than that in HFrEF patients, for prognosis, the risk
of all-cause death and HF rehospitalization in HFmrEF pa-
tients with higher NT-pro BNP was twice as high as that
in patients with lower NT-pro BNP (HR: 2.00; 95% CI:
1.71-2.34), higher than that in HFrEF (HR: 1.48; 95% CI:
1.36-1.61) and HFpEF (HR: 1.86; 95% CI: 1.58-2.18). For
prognosis, the effect of elevated NT-pro BNP on HFmrEF
was higher than that on HFrEF and HFpEF, which may be
attributed to the “deterioration” of LVEF in some patients
with baseline HFmrEF during follow-up.

4.2 Cardiac troponin

The cardiac troponin (¢Tn) complex consists of three
subunits located on the filaments of the striated muscle,
namely troponin T (TnT), troponin I (Tnl), and troponin C
(TnC). TnT is a protein that connects troponin complexes
to tropomyosin, while Tnl controls the binding of actin to
myosin. Both Tnl and TnT have been proved to be specific
blood biomarkers of the heart (Fig. 3). The determination
of high sensitivity cTn (hs-cTn) can provide a more sensi-
tive measurement value so that a lower concentration can
be detected. Moliner et al. [43] found no significant differ-
ence in hs-cTnT levels among the three HF types. But for
prognosis, compared with HFrEF and HFpEF, the risk of
all-cause death and hospitalization for HF in patients with
HFmrEF was significantly higher (HR HFrEF vs. HFmrEF
vs. HFpEF: 1.71 vs. 3.76 vs. 1.87), suggesting that patients
with HFmrEF may be more sensitive to mild ischemic in-
jury than patients with HFTEF or HFpEF (Table 2). More-
over, the simultaneous detection of hs-cTnT and NT-pro
BNP can further identify high-risk patients [44]. In addi-
tion, in patients with normal NT-pro BNP, hs-cTnT was still
independently related to the occurrence of adverse events,
suggesting hs-cTnT can provide additional prognostic in-
formation on the basis of NT-pro BNP [45].

4.3 Suppression of tumorigenicity 2

Suppression of tumorigenicity 2 (ST2) is a member of
the interleukin (IL)-1 receptor family, mainly in the form
of the transmembrane binding receptor (ST2L) and solu-
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Fig. 3. Illustration of the mechanisms of different biomarkers in HF. HF causes cardiac pressure or volume overload, leading to
the increased secretion of pro-BNP, which can be split into BNP, with the effect of not only decreasing angiotensin and aldosterone but
also causing the vasodilation of arteries, and NT-pro BNP without any biological activity. ST2 is a member of the IL-1 receptor family,
mainly in the form of ST2L and sST2. IL-33 binds o ST2 to produce anti-fibrosis and anti-apoptosis effects. However, under local
inflammation and/or mechanical or biochemical stress, the binding of sST2 to ST2L in damaged myocardial tissue blocks the beneficial
effects mediated by IL-33, which leads to the decrease of resistance to apoptosis and the increase of myocardial fibrosis. Gal-3 is a
soluble B-galactoside binding glycoprotein, which is released in the myocardium through the paracrine effect. It can further stimulate
myofibroblast proliferation and collagen deposition, leading to myocardial fibrosis and cardiac pathological remodeling, while inhibition
of Gal-3 expression can reduce cardiac fibrosis and improve left ventricular dysfunction. GDF-15 belongs to the transforming growth
factor-3 superfamily. Under pathological conditions, the expression of GDF-15 can be up-regulated as a response to inflammation,
hypoxia, and oxidative stress. CRP has been identified as a classic marker of systemic inflammation, mainly produced by hepatocytes
and by cardiovascular tissue in the event of infection, cell invasion, or tissue injury. ¢Tn is the main component of cardiac cardiomyocytes,
which would be tested when cardiac injury was experienced. Abbreviations: BNP, B-type natriuretic peptide; NT-pro BNP, N-Terminal
pro-B-type natriuretic peptide; sST2, soluble suppression of tumorigenicity 2; IL-33, interleukin-33; Gal-3, galectin-3; GDF-15, growth
differentiation factor-15; CRP, C-reactive protein.

ble (sST2). IL-33 binds to ST2L [46] to produce anti- HF patients with different LVEF. In patients with elevated

fibrosis and anti-apoptosis effects [47]. However, under lo-
cal inflammation and/or mechanical or biochemical stress,
the binding of sST2 to ST2L in damaged myocardial tis-
sue blocks the beneficial effect mediated by IL-33, which
leads to the decrease of resistance to apoptosis and the in-
crease of myocardial fibrosis (Fig. 3). Therefore, sST2 is
a new biomarker reflecting myocardial remodeling and fi-
brosis which could be used in the case of renal insufficiency
[48]. An observational study conducted by Song ef al. [49]
compared the differences between sST2 among the three
types of HF. The results showed that the sST2 levels of the
three groups were similar (HFrEF vs. HFmrEF vs. HFpEF:
38.9 vs. 32.7 vs. 40.5 ng/mL; p = 0.194), which may im-
ply that the degree of myocardial fibrosis may be similar in

baseline sST2 levels, a sustained increase in sST2 levels
during follow-up was associated with an increased risk of
death [47]. Moliner et al. [43] assessed the relationship be-
tween sST2 concentration and prognosis in three HF types.
The results demonstrated that sST2 had a significant prog-
nosis effect in HFrEF and HFmrEF patients. But in HFpEF
patients, the effect was not significant (Table 2).

4.4 Other biomarkers

Galectin-3 (Gal-3) is a soluble -galactoside-binding
glycoprotein, which is released in the myocardium through
the paracrine effect. It can further stimulate myofibroblast
proliferation and collagen deposition, leading to myocar-
dial fibrosis and cardiac pathological remodeling, while
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Table 2. Effect of biomarkers on prognosis of different types

of HF.

Biomarker HFrEF HFmrEF HFpEF
NT-pro BNP ++ ++ ++
sST2 + ++ -
Gal-3 + ++ ++
GDF-15 ++ ++4 ++
hs-cTn + ++ +
hs-CRP + ++ -

Abbreviations: HFrEF, heart failure with decreased ejec-
tion fraction; HFmrEF, heart failure with mildly re-
duced ejection fraction; HFpEF, heart failure with pre-
served ejection fraction; NT-pro BNP, N-Terminal pro-
B-type natriuretic peptide; sST2, soluble suppression of
tumorigenicity-2; Gal-3, galectin-3; GDF-15, growth dif-
ferentiation factor-15; hs-cTn, high sensitivity cardiac tro-
ponin; hs-CRP, high sensitivity C-reactive protein.

“ The prognosis effect of GDF-15 has been confirmed in
HFpEF and HF with non-reduced EF patients. But until
now, there is still no clinical trials focusing only on HFm-

rEF patients.

inhibition of Gal-3 expression can reduce cardiac fibrosis
and improve left ventricular dysfunction [50] (Fig. 3). For
clinical application, the 2013 American guideline recom-
mended testing for Gal-3 (IIb class recommendation) in pa-
tients with acute and chronic HF for risk stratification and
prognosis assessment. A study by Moliner et al. [43] in-
cluding 1069 HF patients analyzing different types of HF
patients demonstrated that there was no significant differ-
ence in Gal-3 levels between HFmrEF and HFrEF, while
Gal-3 was significantly higher in HFpEF patients. After a
follow-up for 4.9 years, the results showed that Gal-3 had
a significant predictive value for all-cause death in all three
types of HF, and the predictive value increased with the in-
crease of LVEF, suggesting that Gal-3 had a better ability to
predict end-point events in patients with HFmrEF (Table 2).

Growth differentiation factor-15 (GDF-15), also
known as macrophage inhibitory cytokine-1 (MIC-1), be-
longs to the transforming growth factor-3 superfamily. Un-
der physiological conditions, the expression of GDF-15 in
human tissues is weak except for the placenta [51], while
under pathological conditions, the expression of GDF-15
can be up-regulated by the p53 gene as a response to inflam-
mation, hypoxia, and oxidative stress [52] (Fig. 3). Pre-
vious studies have confirmed that GDF-15 had the abil-
ity to regulate inflammation, inhibiting apoptosis, and anti-
fibrosis [53]. Chan et al. [54] compared the effects of GDF-
15 on the prognosis of patients with HFrEF and HFpEF,
indicating that even after adjusting NT-pro BNP, GDF-15
was still independently associated with multiple end-points
including all-cause death and hospitalization of HF in both
groups. However, in the study of Fernandez et al. [55],
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which compared the role of GDF-15 in HFpEF and HFm-
rEF patients, the result indicated that although there was no
significant difference between HFpEF and HFmrEF, GDF-
15 was independently related to all-cause death in HFpEF
and HFmrEF. But until now, there are still no clinical trials
focusing only on HFmrEF patients, leaving a gap for this
part of patients.

C-reactive protein (CRP) has been identified as a clas-
sic marker of systemic inflammation, mainly produced by
hepatocytes and cardiovascular tissue in the event of infec-
tion, cell invasion, or tissue injury [56] (Fig. 3). High sen-
sitivity CRP (hs-CRP) can be detected at a concentration
much lower than that of conventional CRP so that it can
identify mild inflammation. A post-hoc analysis of PRO-
TECT study [57] including 843 patients with acute HF,
showed that CRP there was no significant difference among
the three types of HF in patients with chronic HF. For prog-
nosis, Moliner ef al. [43] demonstrated that hs-CRP was
independently associated with all-cause death and hospital-
ization of HF in HFmrEF and HFrEF (HR: 1.84 vs. 1.50)
and had a higher prognostic significance for patients with
HFmrEF compared with HFpEF. However, in patients with
HFpEF, CRP cannot predict its prognosis, which was con-
sistent with the results of previous studies [58,59] (Table 2).
Obviously, as a marker of systemic inflammation, CRP is
likely to be affected by a variety of diseases other than HF,
resulting in a decrease in its specificity.

In conclusion, since HFmrEF was proposed, more
biomarkers have been used to evaluate HFmrEF. But it
should be noticed that only natriuretic peptides and car-
diac troponin were mentioned in the latest guideline in 2021
[3], which means that further research is still needed for the
other biomarkers above.

5. Treatment

At present, there are no clinical trials conducted solely
for HFmrEF patients, and the current evidence comes from
the subgroup analysis of clinical trials with HFpEF and
HFrEF patients as the study population.

5.1 B-blockers

[-blockers played a role in blocking the direct effect
of adrenergic receptors on cardiomyocytes, reducing heart
rate, changing vascular function and the neuroendocrine
response to HF [60], which were listed as IA recommen-
dation [3] for the treatment of HFrEF. However, whether
patients with HFmrEF also benefit from [-blockers re-
mains unclear. In the OPTIMIZE-HF trial [61], 5-blockers
showed no benefit in patients with HFpEF (LVEF >40%).
But in SENIORS trial [62], the result demonstrated that
nebivolol could significantly reduce all-cause mortality and
CV hospitalization. No interaction was found between
LVEF <35% and LVEF >35% (p for interaction: 0.42).
However, in these studies, HFmrEF patients accounted for
only a part of all patients. So, in CHART-2 study [13] in-
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cluding 596 HFmrEF patients, the result showed that beta-
blockers improved clinical outcomes and reduced mortality
(HR:0.57; 95% CI: 0.37-0.87). Similar result was found in
Swede HF Registry [9], though only HFmrEF patients with
CAD were showed significant benefits (HR: 0.74; 95% CI:
0.59-0.92). A meta-analysis of individual data conducted
by Cleland et al. [63] showed the use of 3-blockers could
significantly reduce cardiovascular death (HR: 0.48; 95%
CI: 0.24-0.97) in patients with sinus rhythm.

In conclusion, since the HFmrEF firstly proposed in
2016 ESC guideline, more and more studies started to fo-
cus on this this subtype of HF. And benefits were found
in some conditions such as patients with sinus rhythm or
CAD. Since the similar etiologies and comorbidities with
HFrEF, the 2021 ESC guideline [3] recommended the use
of 3-blockers in HFmrEF patients (Class IIb).

5.2 Angiotensin converting enzyme inhibitor/Angiotensin
receptor blocker

Since similar characteristics have been found between
HFmrEF and HFTEF patients, researchers started to con-
firm the treatment effort of HFrEF in HFmrEF patients.
The CHARM-preserved [64] and [-PRESERVE trial [65]
which included patients of LVEF >40% and LVEF >45%,
firstly tried to confirm the effort of candesartan and irbe-
sartan. The results showed no significant difference with
respect to the primary outcomes of cardiovascular death or
HF hospitalization compared with placebo. The same re-
sult was found in OPTIMIZED-HF trial [61]. These were
possibe because all the trials contained a great number of
patients with LVEF >50%. Since the term HFmrEF was
firstly proposed in 2016, studies started to focus on HFm-
rEF. In the post hoc analysis of PEACE trial included 2512
HFmrEF patients with IHD, the result indicated that tran-
dolapril could significantly reduce all-cause mortality (RR:
0.85; 95% CI: 0.73-0.99, p = 0.03) [66]. In addition, the
CHARM study [11] including a total of 1322 HFmrEF pa-
tients showed candesartan could significantly reduce the
risk of cardiovascular death or hospitalization for HF (HR:
0.76; 95% CI: 0.61-0.96). The same result was found in
the further analysis of SwedeHF Registry [9] which indi-
cated ACEI/ARB could significantly reduce 1-year mortal-
ity of HFmrEF patients. Moreover, in patients with HFm-
rEF, many will also have CAD, HT and will, therefore, al-
ready be treated with ACEI/ARB. Therefore, the 2021 ESC
guideline [3] recommended the use of ACEI/ARB in HFm-
rEF patients (Class IIb).

5.3 Aldosterone receptor antagonist

The same results were found in another drug recom-
mended by guidelines to treat HFrEF, the mineralocorticoid
receptor antagonist (MRA). The TOPCAT trial [67] includ-
ing patients with LVEF >45% demonstrated that although
spironolactone did not significantly improve the prognosis
after three years of follow-up, its subgroup analysis showed

spironolactone reduced the risk of all-cause death or hospi-
talization for HF in patients with LVEF range from 45% to
49%. Furthermore, with the increase of LVEF, the effect of
spironolactone on improving prognosis decreased signifi-
cantly (p for interaction = 0.046) [68]. In light of these find-
ings from TOPCAT, the 2017 American updated guideline
for HF and 2021 ESC guideline added the Class IIb recom-
mendation for HFmrEF patients [3,69].

5.4 Angiotensin receptor neprilysin inhibitor

Similarly, the PARAGON-HF trial [70] including
patients with LVEF >45% also demonstrated sacubi-
tril/valsartan significantly reduced HF hospitalization and
cardiovascular mortality (HR: 0.78; 95% CI: 0.64-0.95) in
the LVEF <57% subgroup, even it did not improve prog-
nosis in the whole population (Table 3, Ref. [9,11,13,61—
65,67,70-74]). The ongoing PARALLAX trial [75] further
included patients with LVEF >40%, with a reduction of
NT-pro BNP as the primary end-point event, expecting to
have promising results in HFmrEF patients. Based on this
result, it has been approved by Food and Drug Adminis-
tration as an extended indication in those with LVEF ‘less
than normal’, which including HFmrEF patients. Given
the above evidence, ANRI was recommended IIb class for
HFmrEF patients [3].

5.5 Sodium-glucose cotransporter 2 inhibitor

Sodium-glucose cotransporter 2 inhibitor (SGLT21i)
was a newly emerging drug used for improving glycaemic
control in patients with DM by decreasing renal glucose re-
absorption and thereby increasing urinary glucose excre-
tion, which was found to be effective in HF patients re-
cently [76]. The EMPEROR-Reduced trial [71], which
consists of patients with LVEF less than 40%, demon-
strated that empagliflozin reduced the primary compos-
ite outcomes of death from cardiovascular causes or hos-
pitalization for HF (HR: 0.75; 95% CI: 0.65-0.86; p <
0.001) whether or not diabetes was combined, which was
consistent with results of the DAPA-HF trial [72] of an-
other SGLT2i, dapagliflozin. In the subgroup analysis
of EMPEROR-Reduced trial [76] of patients with LVEF
ranged from 30% to 40%, there was no significant bene-
fit (HR: 0.99; 95% CI: 0.76—1.31) compared with placebo,
which contrasted to the results of DAPA-HF trial (HR: 0.81;
95% CI: 0.65-0.99) [72].

The SOLOIST-WHEF trial conducted in 2020 including
HFrEF, HFmrEF, and HFpEF patients, showed that among
patients with DM who had worsening HF, the end-point
events of the total number of cardiovascular deaths, hospi-
talizations and urgent visits for HF were significantly lower
with sotagliflozin than with placebo [73]. The results were
still consistent in patients with both HFpEF (LVEF >50%)
and combined HFmrEF and HFrEF (LVEF <50%) patients.
Although such patients were enrolled in the trial, there was
no evidence of heterogeneity of treatment effect according
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Table 3. Clinical evidence of different drugs in HFmrEF patients.

Study Type Drugs Control LVEF HR/RR 95%CI  Outcome p value
ACEI/ARB
CHARM-preserved [64] RCT Candesartan placebo >40% 0.89 0.77-1.03  cardiovascular death + hospitalization for HF 0.118
I-PRESERVE [65] RCT Irbesartan placebo 45-59% 0.98 0.85-1.12  all-cause mortality + hospitalization for cardiovascular cause 0.28
CHARM [11] RCT Candesartan placebo 4049% 0.76 0.61-0.96 cardiovascular death + hospitalization for HF+ 0.02
PEACE (post hoc analysis) [66] RCT Trandolapril placebo 40-50%  0.79 0.63-0.98  all-cause mortality + nonfatal MI + stroke 0.03

. 0.56 0.50-0.62 .
Swede HF [9] Registry ACEI/ARB - 40-49% all-cause mortality <0.001

0.63 0.54-0.75

[-blocker
OPTIMIZED-HF [61] Registry B-blocker no B-blocker >40% 1.21 0.87-1.68  mortality at 60—-90 days 0.255
CHART-2 [13] Registry [B-blocker no 3-blocker 40-49%  0.57 0.37-0.87 mortality 0.010
SENIORS [62] RCT Nebivolol placebo all 0.86 0.74-0.99  all-cause mortality + cardiovascular hospitalization 0.42

. 0.74 0.59-0.92 . 0.006
Swede HF [9] Registry B-blocker no B-blocker 40-49% all-cause mortality

0.99 0.78-1.26 0.944
meta-analysis [63] B-blocker placebo 4049% 048 0.24-0.97 cardiovascular death 0.04
MRA
TOPCAT [67] RCT Spironolactone placebo 45-50%  0.72 0.50-1.05  all-cause death + hospitalization for heart failure 0.046
ARNI
PARAGON-HF [70] RCT  Sacubitril/valsartan ~ valsartan ~ 45-57%  0.78 0.64-0.95 cardiovascular death + hospitalization for heart failure <0.05
SGLT?2 inhibitor
EMPEROR-Reduced [71] RCT Empagliflozin placebo <40% 0.75 0.65-0.86 cardiovascular death + hospitalization for HF <0.05
DAPA-HF [72] RCT Dapagliflozin placebo <40% 0.74 0.65-0.85 worsening HF + cardiovascular death <0.05
. . >50% 0.48 0.27-0.86  total number of deaths from cardiovascular causes +
SOLOIST-WHF [73] RCT Sotagliflozin placebo o o . -
<50% 0.72 0.56-0.94  hospitalizations and urgent visits for heart failure
. 40-50% 0.71  (0.57-0.88) i o
EMPEROR-Preserved [74] RCT Empagliflozin placebo cardiovascular death + hospitalization for HF <0.05
50-60%  0.80  (0.64-0.99)

Abbreviations: HFmrEF, heart failure with mildly reduced ejection fraction; MI, myocardium infarction; HF, heart failure; LVEEF, left ventricular ejection fraction; HR, hazard ratio; RR, risk

ratio; CI, confidence interval.


https://www.imrpress.com

to LVEEF, early termination of the trial and the small sam-
ple size of this subgroup made it difficult to draw any firm
conclusion in this regard. To further clarify the efficacy
of SGLT2i in patients with LVEF >40%, the EMPEROR-
Preserved trial [74] was conducted, firstly indicating em-
pagliflozin could significantly reduce composite end-point
events of hospitalization for HF or cardiovascular death not
only in patients with LVEF between 40% and 50%, but also
in patients with LVEF in the range of 50-60% (Table 3).
The results were inspiring for patients of HFmrEF and HF-
pEF, and also brought hope for the application of other
SGLT?2i in these patients. The ongoing studies including
PRESERVED-HF, and DELIVER will further assess the ef-
fects of SGLT?2 inhibitors in HFmrEF and HFpEF.

6. Conclusions

Since the introduction of HFmrEF as an HF category
in 2016 ESC guideline, a considerable number of clinical
studies have included patients in the “grey area”, giving us a
preliminary understanding of this field. HFmrEF represents
not only the intermediate category between HFrEF and HF-
pEF but also the patient group with different clinical char-
acteristics and prognosis. HFmrEF resembles a transitional
stage between HFrEF and HFpEF, including HFwWEF, HF-
sEF, and HFrecEF, which have different prognosis. There-
fore, it is of great significance to find appropriate indicators
to identify each type of HFmrEF.

In today’s era of precision medicine, new advances in
HFmrEF treatment may be further extended to identify the
characteristics of each HF patient, and these characteristics
may help to further improve risk stratification. At present,
cardiovascular imaging has developed from obtaining qual-
itative diagnostic information to more quantitative evalua-
tion methods. Advanced imaging methods, including 2D-
STE, 3D-STE, T1 mapping, and CMR-FT, et al., have been
proved to have the potential to identify high-risk patients
in HFmrEF, and the emergence of new biomarkers have
been proved to provide additional predictive value. Mul-
tiple time points and combined detection of various indi-
cators will also be the development direction of precision
therapy in the future.
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