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AbstrACt
Objectives We aimed to study the racial differences in 
clinical presentations, survival outcomes and outcome 
predictors among patients with heart failure (HF) with 
midrange ejection fraction (HFmrEF, EF 40%–49%).
Design This is a retrospective study.
setting Adults with HF diagnosis at Montefiore Medical 
Center, Bronx, New York between 2008 and 2012, with 
an inpatient echocardiogram showing left ventricular 
ejection fraction of 40%–49% were included as HFmrEF 
population.
Participants 1,852 HFmrEF patients are included in the 
study (56% male, mean age 67 years). There were 493 
(26.5%) non-Hispanic whites, 541 (29.2%) non-Hispanic 
black, 489 (26.4%) Hispanics and 329 (17.8%) other racial 
populations.
Outcome measures Cumulative probabilities of all-cause 
mortality among different racial groups were estimated 
and multivariable adjusted Cox proportional regressions 
were performed to assess predictors of mortality.
results Among the HFmrEF patients, white patients were 
older and were less likely to be on guideline-directed 
medications. Blacks had a lower prevalence of prior 
myocardial infarction comparing to other groups. Hispanics 
had more chronic diseases and yet better survival 
comparing to whites and blacks after adjustment for age, 
sex and comorbidities. Distinct sets of survival predictors 
were revealed in individual racial groups. Baseline use 
of mineralocorticoid receptor antagonist (MRA) was 
associated with lower mortality among HFmrEF patients in 
general (HR 0.61, 95% CI 0.37 to 0.99).
Conclusions There are significant racial/ethnic 
differences in clinical phenotypes, survival outcomes and 
mortality predictors of HFmrEF. Furthermore, the use of 
MRA predicted a reduced mortality in HFmrEF patients.

IntrODuCtIOn  
The left ventricular ejection fraction (LVEF) 
has been a useful tool to clinically characterise 
subsets of heart failure (HF). Not only the 
LVEF value is independently associated with 
mortality,1 2 but classification of HF defined 
by LVEF values distinguishes the pathophys-
iology of different HF phenotypes,3 and 

predicts responses to medical therapies.4 5 In 
2016 European Society of Cardiology rede-
fined the classification of HF by ejection 
fraction (EF) including a new category with 
EF of 40%–49% named HF with midrange 
ejection fraction (HFmrEF).6 Previously 
labelled as HF with reduced EF (HFrEF) or 
HF with preserved EF (HFpEF), HFmrEF 
is a grey zone of HF that needs better 
characterisation.

Studies on HFmrEF have started to emerge7; 
however, data remain scant, especially in 
racial-ethnically divergent populations. Most 
studies were done in white-predominant 
populations8–10 and in some Asian popula-
tions.11 12 Nonetheless, to our knowledge, 
no studies exist that representatively include 
blacks and Hispanics in the USA.

In this hospital-based retrospective cohort 
study, we aim to examine clinical character-
istics and survival outcomes of HFmrEF, in 
a racial/ethnically divergent community 
consisting largely of non-Hispanic white, 
non-Hispanic black and Hispanic individuals.

strengths and limitations of this study

 ► A large cohort of heart failure with midrange ejec-
tion fraction population equally representing blacks, 
Hispanics and whites was studied.

 ► Clinical characteristics and survival outcome were 
compared among different racial/ethnic groups.

 ► Predictors for mortality within each of the three 
race-ethnicity groups were demonstrated.

 ► The inclusion of heart failure patients was solely 
based on International Classification of Diseases, 
Ninth Revision codes.

 ► Volume matrix measurements were not readily 
incorporated as routine protocols at earlier time 
points, which contributed to some loss of echocar-
diographic data.
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MethODs
study population
We included adult patients (older than 18 years of age) 
hospitalised in Montefiore Medical Center, Bronx, New 
York from 1 January 2008 to 31 December 2012, with a 
primary discharge diagnosis of HF (by International Clas-
sification of Diseases, Ninth Revision [ICD-9] codes) and 
an echocardiography performed during hospitalisation. 
For patients who had multiple admissions during that 
period, the first admission was selected as the index hospi-
talisation. We further excluded patients who deceased 
during the index hospitalisation. Patients with HFmrEF 
were further defined as LVEF in between 40% and 
49% on the echocardiography performed during index 
hospitalisation. LVEF was assessed via biplane Simpson’s 
method. The study was carried out after the approval from 
Institutional Review Board of Albert Einstein College of 
Medicine. We used the Strengthening of the Reporting of 
the Observational Studies in Epideomiology (STROBE) 
cohort study checklist when writing our report.13

Data collection
Clinical information was collected from electronic medical 
record using Clinical Looking Glass V.3.3 (CLG)—a 
patented software that collates medical records for 
research purpose. Basic clinical characteristics including 
age, sex, self-reported race/ethnicity, comorbidities 
defined by ICD-9 codes, and medications at the time of 
inclusion were collected for the study. Socioeconomic 
status (SES) was assessed using a summary Z-score that 
combined wealth, income and education levels, and 
reflected the deviation from the average SES in the New 
York state population (negative number-below; posi-
tive number-above). Echocardiographic data were also 
collected via CLG. The end of follow-up for this study 
was 30 June 2016. All-cause mortality was determined 
by either social security administration records or house 
staff notes.

statistical analysis
Baseline characteristics were shown using descriptive 
statistics. Continuous variables were presented as mean 
(SD) for normally distributed data, or median (25th–
75th percentile) otherwise. Categorical variables were 
expressed as number of subjects and percentages. Base-
line continuous variables were compared among groups 
using one-way analysis of variance test. Pearson’s χ2 test 
was used for comparison of categorical/nominal vari-
ables. Cumulative probabilities of all-cause mortality 
were estimated using the Kaplan-Meier method. Multi-
variable Cox proportional hazards regression models 
were used to study the associating factors for all-cause 
mortality. We tested the proportional hazard assumptions 
graphically (using log-log plots and comparing Kaplan-
Meier observed and Cox predicted curves), as well as 
numerically (using Schoenfeld residuals). A two-sided 
p-value ≤0.05 was considered statistically significant. Anal-
yses were performed using Stata V.13 (StataCorp).

Patient and public involvement
This study is based on a deidentified patient database. 
Patient and public involvement was not specifically sought 
in the investigation.

results
Clinical features of heart failure with midrange ejection 
fraction in a multiracial cohort
The study population consisted of 1852 patients, including 
493 non-Hispanic whites (26.6%), 541 non-Hispanic 
blacks (29.2%), 487 Hispanics (26.3%) and 331 individ-
uals (17.9%) of other racial components (Asians, Pacific 
Islanders, American Indians and mixed race). Distinct 
clinical characteristics among different racial/ethnic 
groups were revealed (table 1). Non-Hispanic whites were 
older, had significantly higher prevalence of atrial fibril-
lation and lower prevalence of hypertension, diabetes 
and chronic kidney disease (CKD). Non-Hispanic blacks 
were featured by higher female percentage (53.5%) in 
contrast to other two groups (37.3% in whites and 41.3% 
in Hispanics), and with significantly lower prevalence 
of prior myocardial infarction (MI) (whites vs blacks vs 
Hispanics: 39.8% vs 27.4% vs 40.3%, p<0.001); Hispanics 
had the highest prevalence of diabetes (whites vs blacks vs 
Hispanics: 32.3% vs 41.2% vs 53.2%, p<0.001) (table 1). 
The use of guideline-directed HF medications in general 
was lowest in non-Hispanic whites despite their better SES 
(table 1). The level of N-terminal pro b-type natriuretifc 
peptide (NT-proBNP) was the highest in non-Hispanic 
whites and the lowest in non-Hispanic blacks. Echocar-
diographic features were largely similar among the three 
race-ethnicity groups, except that Hispanics had lower 
average pulmonary artery systolic pressure (table 1).

survival outcome of heart failure with midrange ejection 
fraction in a multiracial cohort
After a median follow-up time of 54 months, individuals 
with HFmrEF had a cumulative mortality of 36.5%, with 
an incidence rate of 7 per 1000 person-months. Racial/
ethnic differences in mortality were observed (figure 1). 
We further adjusted the mortality with age and sex. In 
comparison to non-Hispanic whites, Hispanics had signifi-
cantly reduced all-cause mortality (HR 0.74, 95% CI 0.59 
to 0.92), whereas no difference was observed between 
non-Hispanic blacks and whites (HR 0.89, 95% CI 0.72 
to 1.10). Even after adjustments for age, sex and clin-
ical characteristics, the overall mortality of Hispanics 
remained significantly lower than the other two racial 
groups (HR 0.68, 95% CI 0.54 to 0.86, table 2).

Multivariable adjusted Cox regression analysis was 
performed to examine the predicting factors of all-cause 
mortality among patients with HFmrEF. Proportional 
hazard assumption was confirmed. Variables inde-
pendently associated with all-cause mortality were 
outlined in table 2. Older age and CKD were associated 
with increased mortality in HFmrEF population, whereas 
previous MI was associated with a lower mortality in 
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HFmrEF (table 2). A higher baseline EF and baseline use 
of mineralocorticoid receptor antagonist (MRA) were 
associated with a lower mortality risk among HFmrEF 
patients. In comparison, baseline uses of other guide-
line-directed medical therapies including beta-blockers 
and angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers (ACEI/ARB) were not associ-
ated with a reduced mortality in HFmrEF (table 2).

To determine if predicting powers of any variables vary 
with race/ethnicity, we performed interaction testing 
with race/ethnicity and found three variables (periph-
eral vascular disease [PVD], atrial fibrillation, aspirin 
use) had effect modification (p<0.05, table 3 marked in 

‘*’). We further presented predicting factors in HFmrEF 
patients within each race-ethnicity group (table 3). PVD 
portended a significant risk of death only in non-Hispanic 
blacks (HR 1.933, 95% CI 1.293 to 2.890), however failed 
to predict death in non-Hispanic whites and Hispanic 
cohorts; AF was significantly associated with increased 
death in non-Hispanic blacks (HR 1.449, 95% CI 1.032 to 
2.036) and Hispanics (HR 1.453, 95% CI 1.001 to 2.109) 
but not in non-Hispanic whites (table 3). Potential roles 
of HF medications in predicting mortality in each racial/
ethnic group were largely inconclusive, except for aspirin 
in non-Hispanic blacks, likely due to the limitation of 
sample sizes (table 3).

Table 1 Comparison of HFmrEF baseline clinical characteristics among racial/ethnic groups

Characteristics
NH white
(n=493)

NH black
(n=541)

Hispanics
(n=487)

Others
(n=331) P value

Age, median (IQR) 77 (66–84) 65 (53–76) 66 (53–76) 64 (56–76) <0.001

Male sex, n (%) 309 (62.7) 252 (46.5) 287 (58.7) 193 (58.3) <0.001

SES, median (IQR) −0.9
(−2.3– 0.25)

−3.6
(−6.0– –1.1)

−3.52
(−6.4– –1.7)

−3.0
(−6.3– –1.1)

<0.001

Comorbidities: n (%)

   Hypertension 290 (58.8) 350 (64.7) 320 (65.4) 189 (57.1) 0.021

   Diabetes 159 (32.3) 223 (41.2) 260 (53.2) 156 (47.1) <0.001

   MI 196 (39.8) 148 (27.4) 196 (40.3) 135 (40.8) <0.001

   Stroke 61 (12.4) 80 (14.8) 67 (13.7) 46 (13.9) 0.732

   PVD 73 (14.8) 74 (13.7) 86 (17.6) 42 (12.7) 0.183

   Atrial fibrillation 218 (44.2) 143 (26.4) 123 (25.2) 96 (29.0) <0.001

   COPD 184 (37.3) 201 (37.2) 182 (37.2) 119 (36.0) 0.976

   CKD 134 (27.2) 200 (36.7) 159 (32.5) 111 (33.5) 0.010

   Malignancy 309 (62.7) 252 (46.6) 286 (58.7) 193 (58.3) <0.001

Medications: n (%)

   Beta-blockers 239 (48.5) 305 (56.4) 304 (62.2) 191 (57.7) <0.001

   ACEI/ARB 149 (30.2) 248 (45.8) 218 (44.6) 121 (36.6) <0.001

   MRA 27 (5.5) 26 (4.8) 20 (4.1) 21 (6.3) 0.605

   Hydralazine/nitrates 31 (6.3) 77 (14.2) 46 (9.4) 32 (9.7) <0.001

   Statins 169 (34.3) 232 (42.9) 240 (49.1) 145 (43.8) <0.001

   Aspirin 193 (39.1) 232 (42.9) 249 (50.9) 151 (45.6) 0.001

Lab tests

   NT-ProBNP (pg/mL), 
Median (IQR)

5230 
(2432–10978)

3435
(1298–9347)

4790
(1520–12317)

3911 
(1595–10604)

0.008

Echocardiographic data, median

   LVEF (%) 45 43 43 43 0.547

   LVESD (mm) 39 40 40 40 0.040

   LVEDD (mm) 51 52 52 52 0.117

   E/e’ lat 12.5 11.7 12.4 12.4 0.879

   PASP (mm Hg) 44 45 40 48 <0.001

ACEI/ARB, Angiotensinogen-converting enzyme inhibitor/Angiotensin-receptor blocker; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; e’ lat, lateral wall e’; HFmrEF, heart failure with midrange ejection fraction; LVEDD, left ventricular end-
diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MI, myocardial infarction; MRA, 
mineralocorticoid receptor antagonist; NH black, non-Hispanic black; Others, including Asians, Pacific Islanders, American Indians and 
mixed-race; PASP, pulmonary artery systolic pressure. NH white, non-Hispanic white; PVD, peripheral vascular disease; SES, socioeconomic 
score.
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DIsCussIOn
Despite a few recent studies on HFmrEF since the new 
classification of HF according to EF,7 this new HF group is 
still not well characterised in racially and ethnically diver-
gent populations. Here we present a comprehensive study 
on HFmrEF in a racially divergent community equally 
representing blacks, Hispanics and whites. We identified 
the racial differences of clinical features among patients 
with HFmrEF. Further, our data showed a reduced risk 
of mortality among Hispanics compared with white indi-
viduals, while no difference of mortality was observed 
in between non-Hispanic black and white individuals. 
Distinctive panels of predicting factors for death were 
also revealed within each race-ethnicity group. Addition-
ally, we showed that baseline use of MRA was associated 
with reduced mortality, whereas use of beta-blockers and 
ACEI/ARB had no associated benefits among patients 
with HFmrEF.

Distinct clinical characteristics existed among different 
racial/ethnic groups of HFmrEF cohort. In general, 
Non-Hispanic whites were almost 10 years older than 
the two other racial/ethnic groups, however with lower 
prevalence of comorbidities including hypertension, 
diabetes and CKD. The proportion of patients with 
atrial fibrillation was highest in non-Hispanic whites with 
HFmrEF. Consistently, the prevalence of atrial fibrillation 
is known to be higher in Non-Hispanic whites comparing 
to Non-Hispanic blacks, Asians and Hispanics.14 15 The 
reason of the difference is unclear, although some 
reported the association of larger left atrium in Cauca-
sian population with the higher atrial fibrillation prev-
alence.15 Interestingly, they were less likely to be on 
medications proven to improve survival in HFrEF. It’s 
not clear whether it was because they had higher rate 
of intolerance, contraindications to the medications, or 
due to other reasons. Blacks are known to have higher 
prevalence of coronary heart disease16; however in our 
study, Non-Hispanic blacks with HFmrEF had the lowest 
proportion of individuals with prior MI, suggesting that 
other factors—perhaps hypertension and CKD—had 
substantial contribution in the development of HFmrEF 
in this population. NT-Pro-BNP level was lowest in black 
individuals in comparison to whites and Hispanics. In line 
with this data, pooled resulted from multiple big commu-
nity study registries showed that plasma NT-pro-BNP 
levels in blacks are significantly lower in as compared with 
whites,17 likely due to genetic variations.

We further demonstrated distinctive predictors of 
mortality among HFmrEF patients in general as well 
as in individual racial groups. In contrast to a recent 
study showing ischaemic aetiology of HF as a predictor 
of mortality in HFmrEF patients,18 our data showed 
that prior MI was negatively associated with mortality in 
HFmrEF. Rastogi et al19 showed that HFmrEF patients 
whose EF improved from prior—the population also with 
a higher prevalence of CAD—had significantly better 
mortality outcome than other HFmrEF patients. It is likely 
that in our population, prior MI history distinguishes a 

Figure 1 Overall survival in heart failure with midrange 
ejection fraction patients of different racial groups. NH, non-
Hispanic.

Table 2 Predictors of mortality in HFmrEF

Covariates HR (95% CI)

Age, per year increase 1.03 (1.02 to 1.04)

Sex (ref=female) 1.01 (0.85 to 1.19)

Hypertension 0.98 (0.82 to 1.17)

Race (ref=NH white)

   NH black 0.81 (0.65 to 1.01)

   Hispanic 0.68 (0.54 to 0.86)

   Others 0.96 (0.75 to 1.23)

Diabetes 1.15 (0.97 to 1.35)

MI 0.80 (0.67 to 0.95)

Stroke 1.07 (0.86 to 1.34)

PVD 1.22 (0.98 to 1.51)

COPD 1.08 (0.92 to 1.28)

CKD 1.87 (1.57 to 2.23)

Malignancy 1.22 (0.92 to 1.61)

AF 1.18 (0.99 to 1.40)

EF, per % increase 0.95 (0.92 to 0.98)

Beta-blockers 0.94 (0.77 to 1.16)

ACEI/ARB 0.96 (0.80 to 1.17)

MRA 0.61 (0.37 to 0.99)

Statins 0.83 (0.67 to 1.03)

ASA 0.83 (0.66 to 1.03)

Numbers in bold and italic: statistically significant for predicting 
mortality
ACEI/ARB, Angiotensinogen-converting enzyme inhibitor/
Angiotensin-receptor blocker; AF, atrial fibrillation; ASA, aspirin; 
CKD, chronic kidney disease; COPD, chronic obstructive 
pulmonary disease; EF, Ejection Fraction; HFmrEF, heart failure 
with midrange ejection fraction; MI, myocardial infarction; MRA, 
mineralocorticoid receptor antagonist; NH black, non-Hispanic 
black; NH white, non-Hispanic white; Others, including Asians, 
Pacific Islanders, American Indians and mixed-race. PVD, 
peripheral vascular disease.



5Li DL, et al. BMJ Open 2019;9:e026479. doi:10.1136/bmjopen-2018-026479

Open access

population of HF patients with improved EF, who had 
better outcome among HFmrEF patients. The associa-
tion between prior MI or diagnosis of CAD with mortality 
in patients with HF needs further study in the future. 
Distinctive from other recent studies, our study included 
diverse racial and ethnic groups. Genetic variations have 
been shown to contribute to the racial differences in 
neurohormonal signalling as well as the natural history 
and responses to medical therapies in HF.20 An analysis 
including 47 149 hospitalised HF individuals from Get 
With The Guideline-HF registry reported lower 1-year 
mortality in Hispanics and blacks in comparison with 
whites, even after adjustment for clinical and SES vari-
ables.21 No further comparisons among HF categories by 
EF were available. In our study, a similar mortality risk 
was found in blacks comparing to whites among HFmrEF 
population. On the other hand, Hispanic ethnic origin was 
an independent factor associated with a lower mortality 
despite their lower SES in comparison to non-Hispanic 
white individuals; we have further data suggesting that 
Hispanic patients had lower mortality risk (adjusted for 
covariates) compared with other racial groups in HFrEF 
and HFpEF population as well (data not shown). These 
observations perhaps echo previous epidemiological 
studies suggesting ‘the Hispanic paradox’.22 Explanations 
of ‘the Hispanic paradox’ have been tempted and might 

be multitude, including dietary factors, social/family 
support and possibly genetic/epigenetic differences.22 23 
Future studies are needed to confirm this finding, as well 
as to explore underlying mechanisms. Furthermore, our 
study presented distinctive predictors for mortality within 
each of the three race-ethnicity groups. While CKD was 
an equally strong predictor of mortality regardless of 
racial/ethnic groups, age, PVD and atrial fibrillation 
portended different mortality risks among non-Hispanic 
whites, non-Hispanic blacks and Hispanics. It is unknown 
whether this observation was merely due to differences of 
medical care accessibility, medications or interventional 
therapy (eg, PVD revascularisation strategies, anticoagu-
lation therapy for AF and so on), versus genetic and meta-
bolic variations. These observations need to be further 
examined in future studies; nonetheless, it highlights the 
differences among different race-ethnicity groups in HF 
population.

In contrast to HFrEF, no therapy thus far has proven to 
improve survival in HFpEF patients in clinical trials. As a 
recently defined entity and previously classified either as 
HFrEF and HFpEF in clinical trials, there is no evidence-
based therapies recommended to improve survival in 
HFmrEF patients. After adjustment of covariates, we 
showed that only baseline use of MRA was associated 
with a lower mortality in HFmrEF. The benefit of MRA 

Table 3 Predictors of HFmrEF mortality by racial groups

Covariates
NH white
HR (95% CI)

NH black
HR (95% CI)

Hispanic
HR (95% CI)

Others
HR (95% CI)

Age, per year 1.04
(1.03 to 1.06)

1.02
(1.01 to 1.03)

1.01
(1.00 to 1.03)

1.05
(1.04 to 1.06)

MI 0.79
(0.58 to 1.08)

0.80
(0.55 to 1.15)

0.94
(0.65 to 1.36)

0.66
(0.43 to 1.01)

PVD* 1.03
(0.70 to 1.50)

1.93
(1.29 to 2.89)

1.24
(0.87 to 1.78)

1.15
(0.64 to 2.06)

CKD 1.96
(1.45 to 2.66)

1.95
(1.40 to 2.71)

1.79
(1.24 to 2.60)

1.73
(1.05 to 2.84)

AF* 0.96
(0.72 to 1.50)

1.50
(1.03 to 2.04)

1.45
(1.00 to 2.11)

1.12
(0.70 to 1.77)

Beta-blockers 0.82
(0.58 to 1.18)

0.82
(0.54 to 1.23)

1.36
(0.88 to 2.10)

1.05
(0.60 to 1.83)

ACEI/ARB 0.92
(0.65 to 1.30)

0.97
(0.66 to 1.42)

0.84
(0.56 to 1.25)

1.04
(0.62 to 1.72)

MRA 0.68
(0.30 to 1.58)

0.81
(0.32 to 2.04)

0.59
(0.18 to 1.88)

0.53
(0.16 to 1.75)

Statins 0.93
(0.64 to 1.36)

0.95
(0.62 to 1.45)

0.73
(0.47 to 1.15)

0.65
(0.36 to 1.16)

ASA* 1.09
(0.75 to 1.59)

0.66
(0.45 to 0.99)

0.96
(0.61 to 1.51)

0.67
(0.38 to 1.18)

Numbers in bold and italic: statistically significant for predicting mortality.
*P-interaction by race/ethnicity<0.05.
ACEI/ARB, Angiotensinogen-converting enzyme inhibitor/Angiotensin-receptor blocker; AF, atrial fibrillation; ASA, aspirin; CI, Confidence 
Interval; CKD, chronic kidney disease; MI, myocardial infarction; MRA, mineralocorticoid receptor antagonist; NH black, non-Hispanic black; 
NH white, non-Hispanic white; Others, including Asians, Pacific Islanders, American Indians and mixed-race.; PVD, peripheral vascular 
disease
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was shown as a reduction of re-hospitalisation in Treat-
ment of Preserved Cardiac Function Heart Failure with 
an Aldosterone Antagonist study. In this study, a stronger 
benefit of MRA was seen in patients with LVEF 45%–50%. 
No survival benefit of MRA was observed in the trial, 
however, many attributed the negative finding to the dras-
tically different outcome results from Russia/Georgia in 
comparison to Americas, which probably resulted from 
inadequate actual use of MRA in the medication arm.24 25 
Therefore, MRA could be further studied as a potential 
survival-promoting medication for HFmrEF patients. 
Our study did not show a survival benefit of ACEI/ARB 
or beta-blocker use in HFmrEF population. The role 
of ACEI/ARB in HF patients with LVEF >40% was vari-
able in recent studies,8 9 12 as well as in clinical trials.26 27 
Beta-blockers were not found to significantly influence 
outcomes in patients with HFpEF as well as HFmrEF in an 
observational study using Organized Program to Initiate 
Lifesaving Treatment in Hospitalized Patients with 
Heart Failure registry.28 Therefore, further large popula-
tion-based studies and clinical trials are needed to prove 
benefits of medications for HFmrEF patients.

Our study has several limitations. First, the inclusion of 
the HF patients in our study was based on ICD-9 of HF. 
There was no validation study to confirm the reliability 
of HF diagnosis. Second, our HFmrEF population might 
include a proportion of patients with HF with recovered/
improved EF, who might have different survival outcome 
than HF patients with initial EF 40%–49%. Future studies 
are needed to better categorise these two populations. 
Third, this is a retrospective study including patients 
from 2008 to 2012, volume matrix measurements were 
not readily incorporated as routine protocols at earlier 
time points, and contributed to some loss of echocardio-
graphic data. Finally, the study is based on a single-centre 
patient population. Future studies from multiple institu-
tions and areas are needed to confirm our findings.

COnClusIOns
In this large hospital-based cohort, we present contempo-
rary data on clinical phenotypes of patients with HFmrEF 
in a multiracial/ethnic community. Our data uniquely 
showed racial/ethnically distinctive survival outcomes in 
individuals with HFmrEF. Distinct sets of mortality predic-
tors among different racial/ethnic groups of HFmrEF 
patients might help clinical risk stratification. Use of MRA 
was associated with improved survival in patients with 
HFmrEF. Future studies are needed to further validate 
our findings.
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