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Abstract

Aims Heart failure patients with mid-range ejection fraction (HFmrEF) have overlapping clinical features, compared with pa-
tients with reduced ejection fraction (HFrEF) and preserved ejection fraction (HFpEF). We aim to perform a meta-analysis of
studies reporting long-term outcomes in HFmrEF compared with HFrEF and HFpEF.

Methods and results Data from 18 eligible large-scale studies including 126 239 patients were pooled. Patients with HFmrEF
had a lower risk of all-cause death than those with HFrEF [risk ratio (RR) = 0.92; 95% ClI = 0.85-0.98; P < 0.001]. This significant
difference was seen in the follow-up at 1, 2, and 3 years. Patients with HFmrEF had significantly lower risk of cardiovascular
(CV) deaths than HFrEF (RR = 0.77; 95% Cl = 0.65-0.92; P < 0.001). Subgroup analysis showed that studies recruiting >50% of
males had higher risk of deaths with HFrEF (RR = 1.15; 95% ClI = 1.04-1.26; P = 0.006). When compared with HFpEF, patients
with HFmrEF had comparable risk of all-cause death (RR = 1.02; 95% Cl = 0.96-1.09; P = 0.53). Similarly, there were no differ-
ences in the 1, 2, and 3 year deaths; CV and non-CV deaths were insignificant between HFmrEF and HFpEF.

Conclusions The results of the study support that HFmrEF has better prognosis than HFrEF but similar prognosis when com-
pared with HFpEF. Gender disparity between studies seems to influence the results between HFmrEF and HFrEF. Transition in
left ventricular ejection fraction (LVEF), which could not be addressed in the study, may play a decisive role in determining
outcomes. PROSPERO review registration number CRD42021277107.
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Introduction outcome characteristics compared with heart failure with re-

duced ejection fraction (HFrEF) and heart failure with pre-

Mortality in patients with symptomatic chronic heart failure
varies from 25% to 80% at 5 years, depending on the stage
of heart failure.! Left ventricular ejection fraction (LVEF) is
an important prognostic indicator for the risk of all-cause
mortality as well as sudden cardiac death in chronic heart
failure patients.” Since the introduction of categories of
chronic heart failure based on LVEF, heart failure with
mid-range (borderline) ejection fraction (HFmrEF) is recog-
nized as an entity with overlapping clinical, treatment, and

served ejection fraction (HFpEF).?

Large-scale registries, multi-centre, and single-centre stud-
ies have reported their observations on prognosis in each of
these categories of heart failure.*?* However, only a few
meta-analyses have been carried out comparing the prognosis
of HFmrEF with HFrEF and HFpEF.?>">* Moreover, these
meta-analyses did not then have studies adequately powered
to examine the annual mortality risk in the follow-up between
these groups. Additionally, none of the meta-analyses have
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explored the difference in outcomes according to certain im-
portant subgroups, which could be important moderators
influencing the results. To explore these gaps in knowledge,
we proposed a systematic review and meta-analysis to deter-
mine the long-term cumulative and annual mortality risk, car-
diovascular and non-cardiovascular deaths in patients with
HFmrEF compared with those with HFrEF and HFpEF.

Methods
Objectives

The primary objective was to determine the effect size of
long-term cumulative mortality risk and all-cause mortality
riskat 1, 2, 3, 4, 5, and 10 years; in persons with HFmrEF com-
pared with HFrEF and HFpEF. Our secondary objectives were
to (1) explore the long-term cause-specific mortality risk for
deaths from cardiovascular, non-cardiovascular, heart failure,
and sudden cardiac deaths in persons with HFmrEF compared
with HFrEF and HFpEF and (2) identify clinical variables
influencing the long-term mortality risk estimates.

Search strategy and eligibility criteria

We followed the Preferred Reporting Items for Systematic re-
view and Meta-Analyses (PRISMA) guidelines in conducting
this systematic review and the meta-analysis.>®> We searched
MEDLINE, PubMed, EMBASE, Web of Science, and Cochrane
Library from inception to 30 September 2021, for studies
reporting mortality outcomes between persons with heart
failure with mid-range/borderline ejection fraction (40%—
49%, HFmrEF) compared with reduced (<40%, HFrEF) or pre-
served ejection fraction (>50%, HFpEF). The key search terms
used were ‘ejection-fraction’, ‘heart-failure’, ‘death*’, ‘mortal-
ity*’, and ‘hazard-ratio*’. The detailed search strategy is in
Supporting Information, Table S1. To identify additional stud-
ies, we manually searched the reference lists of the included
studies. This study is registered at the PROSPERO review da-
tabase (CRD42021277107).

The inclusion criteria were full-text peer reviewed papers
in English, randomized controlled trials, cohort studies, obser-
vational studies with consecutive recruitment of patients
with heart failure; standard case definition of heart failure,
studies defining HFmrEF or borderline heart failure ejection
fraction as 40%—49%, HFrEF as <40%, and HFpEF as >50%
in adults aged 18 years and above; reporting cumulative
all-cause deaths in HFmrEF and HFrEF/HFpEF/both along with
annual all-cause, cardiovascular, non-cardiovascular, heart
failure deaths or sudden cardiac deaths; follow-up >1 year;
the sample size >100 with HFmrEF and the total sample size
of heart failure patients >1000 when the power of the study
was not listed. When there were >2 articles on the same

group of patients, we selected the newest study best repre-
senting the cohort and the inclusion criteria.

The exclusion criteria were study protocols, brief reports,
case studies, abstracts, theses, reviews, duplicate studies, in-
complete and unpublished studies, studies of pregnant
women, participants with a specific disease or a health condi-
tion in addition to heart failure and duplicate studies
reporting outcomes from the same study population.

Data extraction

Retrieved studies were exported to Covidence®. I. S. (Indira
Samarawickrema) and D. R. (Deep Raja) screened the titles
and the abstracts independently in Covidence® for eligibility.
R. P. (Rajeev Pathak) was the third independent reviewer.
I. S. and D. R. independently extracted data from the eligible
full-text studies into the custom designed data extraction ta-
bles in Covidence®. Corresponding authors of studies without
data on mortality outcomes were contacted. We analysed for
consensus to ensure reliability of the data. Inter-rater agree-
ment in data extraction was calculated. We had meetings to
come to a consensus to resolve any discrepancies.

The data collated comprised study design, dataset, study
period, study population, definitions of mid-range or border-
line, reduced and preserved ejection fraction in heart failure,
mean follow-up and standard deviation, study power, sample
size, mean age and standard deviation, proportion of males,
number of patients at baseline, number of cumulative, car-
diovascular, non-cardiovascular and sudden cardiac deaths
and all-cause deaths at 1 year intervals up to 10 years.

Quality appraisal

I. S. and D. R. independently assessed the quality of eligible
used Newcastle-Ottawa quality assessment scale (NOS) for
cohort studies and Cochrane Risk of Bias tool for randomized
clinical trials (RoB 2).> We calculated inter-rater agreement
for quality assessment and consensus reached following dis-
cussions for the disagreements. The third independent re-
viewer was R. P. The objective of the quality appraisal was
to exclude low quality studies, that is, NOS score <7 and
RoB 2 score <2. This study did not have patient or public
involvement.

Statistical analysis

Pooled data of mortality and survival data for HFmrEF were
compared with HFrEF and HFpEF for cumulative, cardiovascu-
lar, non-cardiovascular, heart failure and sudden cardiac
deaths; and cumulative deaths at 1, 2, 3, 4, 5, and 10 years;
to determine the effect size [risk ratio (RR)] for the risk of
death in the meta-analysis. To minimize potential of biases,
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each meta-analysis required >2 studies. Heterogeneity was
calculated as /2, and the cut-off for low heterogeneity was
> < 30%. We used random effects maximum likelihood
model for > > 30% and fixed effect model with
inverse-variance for /> < 30%. We reported exponentiated ef-
fect sizes from the log risk ratios. The effect size for death
was determined as a risk ratio with 95% confidence intervals
in the meta-analysis.

We explored heterogeneity between studies due to publi-
cation bias with visual inspection of funnel plots and Egger’s
linear regression test for the influence from small studies.
Sensitivity analysis excluding one study at a time was also
performed to examine the influence of individual study on
the effect size. We examined potential factors for
between-study heterogeneity with clinically and epidemio-
logically relevant covariates (moderators) in the subgroup
analysis and in the random-effects meta-regression. The co-
variates included were the proportion of men below or above
50%, mean age of the participants below or above 50 years,
studies recruiting outpatients versus hospitalized patients,
studies recruiting de novo versus chronic heart failure pa-

Figure 1 Flow chart of search process and results.

tients, single versus multi-centre studies, and follow-up
period <2 versus > 2 years. We conducted statistical analyses
with Stata 17.0 (STATA Corporation, Texas, USA).

Results

The search process is outlined in Figure 1, and the search
strategy is listed in Supporting Information, Table S1. Eigh-
teen eligible studies were included in the meta-analysis of
the mortality outcomes between HFmrEF and HFrEF, and 17
eligible studies were included in meta-analysis of the mortal-
ity outcomes between HFmrEF and HFpEF. All studies were
follow-up of patient cohorts from observational studies and
there were no eligible randomized controlled trials.
Inter-rater reliability in data extraction was 0.91, and Cohen’s
kappa was 0.39. The quality of evidence of each selected
study is listed in Supporting Information, Table S2.
Inter-rater reliability in quality appraisal was 0.84, and
Cohen’s kappa was 0.67.
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Study and patient characteristics

There were 14 prospective and 4 retrospective cohort stud-
ies; 13 including hospitalized patients; 3 including outpa-
tients; 14 multi-centre and 4 single-centre studies; 13 studies
with enrolments before 2010; and 5 studies with enrolments
during or after 2010 (Table ). The participant follow-up
ranged from 1 to 10 years. The noteworthy large-scale stud-
ies were the 1 and 5 year data from the Get With The
Guidelines—Heart failure (GWTG-HF) registry, 3 year data
from the Swedish Heart Failure Registry, and 1 year data from
the ESC Heart Failure long-term registry.>®>'° Choi et al. re-
ported outcomes for both de novo heart failure and acute de-
compensated chronic heart failure patients and was hence
considered as two separate studies.’

The included studies had 126 239 heart failure patients in-
clusive of; 64 779 patients with HFrEF (51.3%); 20 301 pa-
tients with HFmrEF (16.1%); and 41 159 patients with HFpEF
(32.6%). The average age of the patients was 71.9 years. The
proportion of men in the overall cohort was 60.6% with
60.5% in HFrEF, 69% in HFmMrEF and 40.4% in HFpEF. The
HFmrEF group had significantly reduced proportion of pa-
tients with hypertension, diabetes mellitus, kidney disease,
atrial fibrillation, and coronary artery disease (9.7%, 5.2%,
3.2%, 7%, 8.1% respectively) than both HFrEF (29%, 17%,
11%, 19%, 27% respectively) and HFpEF groups (23%, 11%,
8.5%, 14.6%, 12.2% respectively) (Supporting Information,
Table S3).

Risk of all-cause mortality

Patients with HFmrEF had a significantly lower risk of

all-cause death than those with HFrEF (Risk Ratio
(RR) = 0.92; 95% Cl = 0.85-0.98; P < 0.001), using the
random-effects model (Figure 2). Subgroup analysis

(Figure 3) revealed that studies recruiting >50% of men
had a lower risk ratio for HFmrEF versus HFrEF (RR = 0.87;
95% Cl = 0.79-0.96; P = 0.006). This translated into a higher
risk of deaths with HFrEF in studies recruiting >50% of males
(RR = 1.15; 95% Cl = 1.04-1.26; P = 0.006). However, studies
<50% of men had insignificant differences in the risks of
deaths (HFmrEF vs. HFrEF: RR = 1.00; 95% Cl = 0.99-1.03;
P =0.63). Subgroup analysis also revealed that studies includ-
ing only outpatients had lesser risk of death with HFmrEF
(RR =0.78; 95% Cl = 0.65—0.93; P = 0.006) than studies includ-
ing only hospitalized patients (RR = 0.97; 95% Cl = 0.94-1.01;
P =0.13).

Patients with HFmrEF had comparable risk of all-cause
death with HFpEF (pooled RR = 1.02; 95% Cl = 0.96-1.09;
P = 0.53) using the random-effects model (Figure 2). Sub-
group analysis (Figure 3) revealed higher risk of deaths in
HFmrEF, than HFpEF, in single-centre studies (RR = 1.13;

95% Cl = 1.03-1.24; P = 0.008) compared with multi-centre
studies (RR = 1.00; 95% CI = 0.92-1.07; P = 0.91).

There was high level of heterogeneity between the in-
cluded studies for HFmrEF versus HFrEF (1> = 87%) as well
as for HFmrEF versus HFpEF (/> = 80.2%). To assess publica-
tion bias, a sensitivity analysis was conducted by exclusion
of individual studies and the smaller studies, and this was
found to not affect the results. Meta-regression analysis for
between-study variance in overall mortality risk ratio be-
tween HFmrEF and HFrEF identified that studies on hospital-
ized patients and multi-centre studies contributed to 98.6%
variance (P = 0.0001). Meta-regression analysis for
between-study variance in overall mortality risk ratio be-
tween HFmrEF and HFpEF identified that multi-centre studies
attribute to 53.7% of variance (P = 0.005).

Annual all-cause mortality in the follow-up

Analysis of studies with annual all-cause deaths showed that
patients with HFmrEF had a significantly lower risk of
all-cause death than those with HFrEF at 1 year (7 studies;
pooled RR = 0.84; 95% Cl = 0.74-0.95; P = 0.03; 1> = 54%),
2 years (4 studies; pooled RR = 0.86; 95% Cl = 0.75-0.98;
I = 34%), and 3 years (2 studies; pooled RR = 0.38; 95%
Cl = 0.32-0.44; I* = 88%) (Figure 3). The differences were in-
significant at 5 years (4 studies) and 10 years (2 studies). In
contrast, patients with HFmrEF had comparable risk of
all-cause death with HFpEF at all the specified years

(Figure 4).

Cardiovascular, non-cardiovascular deaths, heart
failure, and sudden cardiac deaths

Patients with HFmrEF had significantly lower risk of cardio-
vascular deaths than HFrEF (pooled RR = 0.77; 95%
Cl = 0.65-0.92; P < 0.001; I* = 76%) (Figure 4, Supporting In-
formation, Figures S1-S3). Patients with HFmrEF had signifi-
cantly lower risk of SCD than in HFrEF (pooled RR = 0.59;
95% Cl = 0.41-0.85; P < 0.001; /* = 0). Patients with HFmrEF
had trends of lower risk of heart failure related deaths than in
HFrEF (pooled RR = 0.72; 95% Cl = 0.43-1.21; P = 0.21;
I = 86%). However, the risk of non-cardiovascular deaths
was comparable (pooled RR = 1.20; 95% Cl = 1.05-1.37;
P = 0.15; I* = 12.7%) between HFmrEF and HFrEF groups.

In contrast, patients with HFmrEF and HFpEF had compara-
ble risks of cardiovascular deaths (pooled RR = 1.10; 95%
Cl=0.99-1.21; P = 0.38; I* = 6%), heart failure deaths (pooled
RR = 0.93; 95% Cl = 0.70-1.24; P = 0.62; P = 44%), SCD
(pooled RR = 1.33; 95% Cl = 0.85-2.09; P = 0.27; I* = 23%),
and non-cardiovascular deaths (pooled RR = 1.05; 95%
Cl = 0.77-1.44; P = 0.76; I = 77%) (Figure 5).
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Figure 2 Forest plots demonstrating all-cause deaths in (A) HFmrEF and HFrEF, and (B) HFmrEF and HFpEF. HFmrEF, heart failure with mid-range (bor-
derline) ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
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Figure 3 Forest plots of sub-group analysis of long-term all-cause mortality in (A) HFmrEF and HFrEF, and (B) HFmrEF and HFpEF. HFmrEF, heart failure
with mid-range (borderline) ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
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Discussion

The salient features of our meta-analysis are (1) The risk of
long-term all-cause mortality is reduced in patients with
HFmrEF compared with HFrEF at 1, 2, and 3 years; beyond
which the differences in mortality risk are insignificant; (2)
the risk ratios for all-cause deaths between HFmrEF and
HFrEF are different when accounting for gender disparity,
while studies recruiting > 50% men show a higher risk of
deaths in the HFrEF category compared with HFmrEF, the risk
ratios are indifferent in studies recruiting higher proportion
of women; (3) the risk of long-term all-cause mortality, car-
diovascular and non-cardiovascular deaths is similar between
patients with HFmrEF and HFpEF.

Our study is the largest meta-analysis of large-scale studies
reporting long-term mortality outcomes in HFmrEF compared
with HFrEF and HFpEF. The last meta-analysis on this topic in-
cluded studies till end of April 2019 and had evaluated only
the adjusted mortality ratios between these groups.?®> While
two of the previous meta-analyses reported both
short-term and long-term mortality ratios between the
groups, only one meta-analysis reported the 1 year mortality
ratios.’*** The results of our study on the cumulative
all-cause mortality outcomes between HFmrEF and HFrEF as
well as HFpEF groups are consistent with the earlier meta-
analyses.?>?® While HFmrEF bears a better long-term progno-

sis compared with HFrEF, the outcomes seem to be similar
compared with HFpEF.

Our study, in addition, explores the annual mortality out-
comes in the follow-up. Beyond 3 years, the risk differences
seem to level out between HFmrEF and HFrEF. This observa-
tion could be due to either transition in LVEF from one group
to the other in the follow-up, or inadequate power of the very
long-term studies to detect differences in the deaths between
the two groups. Transition of patients from one group to the
other has not been reported uniformly in the registries. In a
seminal study involving 4942 patients, amongst those patients
with HFmrEF, 37% patients had worsened to HFrEF and 25%
patients improved to HFpEF category. Also, 21% patients of
HFpEF had progressive failing of LV function and shifted to
HFmrEF category and 16% patients of HFrEF improved to the
HFmrEF category.?’ This shows that HFmrEF is likely a heterog-
enous entity comprising patients with improved ejection
fraction, stable left ventricular functions, and progressive LV
dysfunction. Though LVEF helps to categorize these patients,
the dynamic change in LVEF is an important consideration to
keep in mind while interpreting the long-term outcomes.

Gender disparity between studies and its influence on the
outcomes is revealed in our analysis. Studies with more pro-
portions of women had comparable risk of deaths between
HFmrEF and HFrEF, while those with more proportion of
men had higher risk of deaths in HFrEF. Studies on gender dif-
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Figure 4 Forest plots demonstrating annual all-cause deaths in (A) HFmrEF and HFrEF, and (B) HFmrEF and HFpEF. HFmrEF, heart failure with
mid-range (borderline) ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
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ferences in incidence and prognosis of heart failure show
higher risk of HFrEF, incident heart failure and deaths in
men compared with higher incidence of HFpEF amongst
women.?® Hospitalization is an important event in the natural
history of HF that portends poor prognosis.?® In our analysis,
the studies including only outpatients had reported lesser
all-cause mortality rates ranging from 7.6% to 28% in HFmrEF
group compared with mortality rates ranging from 18% to
75% in the studies including only hospitalized patients. Pre-
dictably, our subgroup analysis showed a significantly re-
duced deaths in the HFmrEF compared with HFrEF only
amongst the studies reporting outpatients.

An individual patient data meta-analysis showed no differ-
ences in the risks of all-cause mortality as well as cardiovas-

cular deaths at LVEF >40%.%® Our observation also shows
no differences in absolute mortality, cardiovascular,
non-cardiovascular and sudden cardiac deaths, between the
HFmrEF and HFpEF groups. Thus, this group is a large cluster
of heart failure patients, wherein LVEF fails to dictate progno-
sis. This underlines the need to look for additional
non-cardiac and cardiac prognostic indicators like associated
co-morbidities, cardiac MRI, and arrhythmia burden. Cardiac
specific investigations need to be considered beyond the con-
ventional echocardiogram in this subset. Recent large-scale
studies have shown that cardiac MRI could identify subtle
myocardial abnormalities in this subset that may portend a
poor prognosis both in terms of worsening myocardial dys-
function and increase in risk of arrhythmias.*°
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Figure 5 Forest plots demonstrating cardiovascular deaths in (A) HFmrEF and HFrEF, and (B) HFmrEF and HFpEF. HFmrEF, heart failure with mid-range
(borderline) ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
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Limitations

(1) In spite of application of strict eligibility criteria, our
meta-analysis does bear a high level of heterogeneity be-
tween the included studies. This heterogeneity was ade-
quately addressed statistically with appropriate sensitivity,
subgroup and meta-regression analysis. The results seem to
be unaffected by any of the included studies. (2) The lack of
a standard reporting protocol of long-term outcomes in regis-
tries was evident during our systematic review, such as vari-
able period of follow-up; gender disparity; variable age
groups; variable outcomes in single and multi-centre studies;
inclusion of both hospitalized and outpatients in a few stud-
ies; inclusion of both de novo and chronic heart failure pa-

tients in a few registers; and representation of more valvular
heart diseases and myocardial infarction in a few registries.
We have attempted to address this heterogeneity arising
due to clinical variables in our subgroup analysis. (3) Medical
therapy has improved enormously with regards to heart fail-
ure. However, due to considerable heterogeneity in the
reporting of medical therapy in the included studies, we
could not address this in the subgroup analysis. (4) It is pos-
sible that, the recruited studies did not have adequate power
to detect significant differences in risk-ratios in heart failure
deaths and very long-term (beyond 3 years) deaths between
HFmrEF and HFrEF groups. Similarly, the single-centre studies
may not have sufficient power to detect enough deaths in the
HFpEF group.
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Future directives

(1) Adoption of a standard reporting guideline on long-term
outcomes with respect to the clinically relevant confounders
could reduce the level of heterogeneity between studies; (2)
transition in LVEF needs to be considered while analysing the
outcomes in chronic heart failure; (3) additional
risk-stratification tools should be aggressively sought to un-
derstand better the similarities and differences between
HFmrEF and HFpEF.

Conclusions

Our meta-analysis concludes that risk of long-term all-cause
mortality is less in patients with HFmrEF compared with
HFrEF till 3 years; beyond which the differences in mortality
risk were insignificant, for which transition in LVEF could play
an important role. The insignificant differences in the
risk-ratio between HFmrEF and HFrEF while considering stud-
ies representing greater proportion of women, suggests that
gender disparity may play a divisive role in determining out-
comes. The differences in risk of long-term all-cause mortality
were comparable between patients with HFmrEF compared
with HFpEF, thus suggesting the need to explore the mortal-
ity risks with tools other than LVEF.
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