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Abstract

Aims The proportion of patients hospitalized for heart failure (HF) with preserved left ventricular ejection fraction (LVEF) is
rising, but no approved treatment exists, in part owing to incomplete characterization of this particular HF phenotype. In order
to better define the characteristics of HF phenotypes in Finland, a large cohort with 12 years’ follow-up time was analysed.
Methods and results Patients diagnosed between 2005 and 2017 at the Hospital District of Southwest Finland were stratified
according to LVEF measure and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels. For this retrospective registry study,
previously diagnosed HF patients were defined as follows: patients with reduced ejection fraction (HFrEF; LVEF ≤ 40%; n = 4042),
mid-range ejection fraction (HFmrEF; LVEF > 40–50% and NT-proBNP ≥ 125 pg/mL; n = 1468), and preserved ejection fraction
(HFpEF; LVEF > 50% and NT-proBNP ≥ 125 pg/mL; n = 3122) and followed up for 15 022, 4962, and 10 097 patient-years, respec-
tively. Cardiovascular (CV) hospitalization and mortality, influence of pre-selected covariates on hospitalization and mortality, and
the proportion of HFpEF and HFmrEF patients with a drop in LVEF to HFrEF phenotype were analysed. All data were extracted from
the electronic patient register. HFrEF patients were rehospitalized slightly earlier than HFpEF/HFmrEF patients, but the second,
third, and fourth rehospitalization rates did not differ between the subgroups. Female gender and better kidney function were
associated with reduced rehospitalizations in HFmrEF and HFrEF, with a non-significant trend in HFpEF. Each additional hospitali-
zation was associated with a two-fold increased risk of death and 2.2- to 2.3-fold increased risk of CV death. All-cause mortality was
higher in patients with HFpEF. Although CV mortality was less frequent in HFpEF patients, it was associated with increased
NT-proBNP concentrations at index in all patient groups. During the 10 years following the index date, 26% of HFmrEF patients
and 10% of HFpEF patients progressed to an HFrEF phenotype.
Conclusions These findings suggest that disease progression, in terms of increased frequency of hospitalizations, and the
relationship between increased number of hospitalizations and mortality are similar by LVEF phenotypes. These data highlight
the importance of effective treatments that can reduce hospitalizations and suggest a role for monitoring NT-proBNP levels in
the management of HFpEF patients in particular.
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Introduction

Heart failure (HF) is associated with a large disease burden ev-
idenced by a high mortality rate and frequent hospitalization
periods.1–3 HF patients are typically characterized according to
the measure of left ventricular ejection fraction (LVEF) on the

basis of echocardiogram.4,5 LVEF is usually between 50% and
75% in healthy persons.6,7 A standard cut-off value of 40% is
often applied for abnormal LVEF, and such HF patients are des-
ignated as having HF with reduced ejection fraction (HFrEF,
LVEF ≤ 40%). However, HF patients may also have normal,
preserved ejection fraction (HFpEF patients, LVEF > 50%) or
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can be classified as mid-range patients (HFmrEF, LVEF 40–
50%).4,5,8,9 LVEF values can vary between measurements and
over time, and a small number of patients undergo transitions
between the phenotypes, although data on this, particularly
over extended follow-up periods, are sparse.10–14

Additional laboratory measures are usually needed to ex-
clude non-HF diagnosis in patients with symptoms and clinical
features of HF but accompanied by preserved/mid-range values
of LVEF. In these cases, the concentration of N-terminal pro-B-
type natriuretic peptide (NT-proBNP) is additionally determined
with a negative cut-off value of 125 pg/mL in non-acute
patients and 300 pg/mL in acute patients.4,5,9

While HFrEF has been extensively studied and approved
treatment options exist for this patient group, knowledge
on HFpEF has remained elusive. Currently, no approved
treatment exists for HFpEF.4,5,15,16 Recently, it was reported
that therapeutics currently targeting HFrEF can be also
beneficial for HFpEF patients in the high-risk window.17,18

HFpEF already accounts for around half of HF patients and
is becoming the most prevalent form of HF.19,20 Compared
with HFrEF, HFpEF patients are older, more often women,
and have a higher prevalence of co-morbidities.19–21

Therefore, it is important to increase the understanding of
HF outcomes and mortality across different phenotypes, in
particular the less well-understood HFpEF, both to support
the development of new treatments and to help with
predicting and managing increasing health care costs.
Previous studies have investigated the relationship between
cardiovascular (CV) hospitalizations and mortality in HF; how-
ever, these have mainly assessed HF patients as an overall
group or had a limited number of HFpEF patients in the
analyses.18,20,22–25 Furthermore, the knowledge on Finnish
HF patients has remained limited.

In order to better define the progression of HF within the dif-
ferent HF phenotypes in Finland, and to better understand the
effect of repeated hospitalizations to the prognosis of the dis-
ease in different HF phenotypes, a large cohort of HFpEF,
HFmrEF, and HFrEF patients of the Hospital District of South-
west Finland (HDSWF) was utilized in this study. The patients
at high risk of CV hospitalization and mortality, the association
between CV hospitalizations and mortality, and the proportion
of patients with a drop in LVEF to HFrEF phenotype were deter-
mined. In general, this study adds to existing scientific knowl-
edge by providing real-world data specific for HFpEF and
HFmrEF subgroups from a large, robust data source.

Methods

Patient inclusion criteria

Patients diagnosed with HF between 2005 and 2017 at the
speciality care of the HDSWF were considered for this study.

All data were extracted from the speciality care electronic
patient register of HDSWF. Inclusion criteria were (i) one of
the following International Classification of Diseases, 10th
Revision (ICD-10) codes: HF (I50), cardiomyopathies (I42.0,
I42.6, I42.8, and I42.9), hypertension-induced heart disease
(�I11.0, I13.0, and I13.2); (ii) 18 years at the time of the first
diagnosis; (iii) resident of the HDSWF; (iv) LVEF values
available; and (v) NT-proBNP ≥ 125 pg/mL, for those with
LVEF > 40%.

For all analyses, the index was defined as the date of the
first recorded diagnosis code during the study period
starting from 1 January 2005, and patients were followed
up from that date onwards until 31 December 2017 or
death. Data on LVEF were extracted through text mining
and required to be at most 3 months apart from index to
be used for subgroup stratification by LVEF. To further
retrospectively stratify diagnosed HF patients into sub-
groups, a cut-off value of LVEF 40% was used for HFrEF
(LVEF ≤ 40%). The remaining patients with an available LVEF
value (>40%) and available NT-proBNP values exceeding
the cut-off level ≥ 125 pg/mL were defined in this study into
as the following subgroups: HFpEF (LVEF > 50%) and
HFmrEF (LVEF > 40–50%) (Figure 1). Other echocardio-
graphic features to validate the HFpEF/HFmrEF patient
selection were not available.

The study was approved by the Turku University Hospital
administration (permission number 118/2018) and was con-
ducted in accordance with the Declaration of Helsinki.26

Statistical analyses

Both immediate and main causes of death were assessed.
Analyses on CV mortality were based on cause of death diag-
noses, I20–I79, in the death certificate. CV-related hospitali-
zations were defined as hospitalizations recorded with
diagnosis codes I20–I79 as main diagnoses during the
inpatient stay. Also, the most common diagnoses related to
all-cause and CV-related hospitalizations and deaths were
assessed. Differences in the frequency of diagnoses between
the HFpEF and HFmrEF patients, and HFpEF and HFrEF
patients were compared using the χ2 test.

Patient characteristics associated with hospitalizations and
mortality as well as the effect of recurrent hospitalizations on
risk of mortality were assessed in multivariable Cox propor-
tional hazards models. For overall survival, the outcome was
defined as death (event) or end of study (censoring event).
For CV mortality, the outcome was defined as CV-related
death (event), death by other cause (censoring event), or
end of study (censoring event). All models were adjusted
for age at index and gender and stratified by the patient sub-
group defined by the LVEF at baseline. The hazard ratios
(HRs), 95% confidence intervals, and P values corresponding
to each covariate from the results of the Cox models are
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reported. Additionally, the timing of recurrent CV hospitaliza-
tions was assessed by Kaplan–Meier fits. Differences in
mortality and hospitalization rates between the patient sub-
groups were tested using the log-rank test on the basis of
the Kaplan–Meier estimates.

When predicting all-cause mortality and CV mortality, the
hospitalizations were included as a continuous, time-varying
variable, taking integer values from 0 to 4, while
rehospitalizations after the fourth event were not considered.
The number of hospitalizations was set to 0 for every patient
at index. Hospitalization periods that started on the same day
as the previous one ended were considered as one continu-
ous hospitalization. When predicting the risk of rehospitaliza-
tion with patient characteristics, a recurrent event extension
of the Cox model was utilized, where the outcome can occur
multiple times per patient. Death and the end of follow-up
(31 December 2017) were treated as censoring events. The
baseline characteristics included NT-proBNP, LVEF,
haemoglobin (HB), potassium, and C-reactive protein as
continuous variables; and chronic kidney disease class
Chronic Kidney Disease Epidemiology Collaboration, type 2 di-
abetes (T2D), chronic obstructive pulmonary disease (COPD),
hypertension, and atrial fibrillation and flutter as categorical
variables. The values of NT-proBNP, HB, and C-reactive pro-
tein were obtained from the laboratory measurement re-
cords in a 6 month time window around the index. The
values of NT-proBNP and C-reactive protein were
log-transformed (base 2) in order to remedy the skewed dis-
tributions of these variables. The co-morbidities were
assessed at any time prior to and 3 months after the index

for records of E11 (T2D), J44 (COPD), I48 (hypertension),
and I10 (atrial fibrillation and flutter).

LVEF measures over time were extracted through text min-
ing of the electronic patient records. The number of unique
LVEF measurements per patient is reported in the Table S1.
The cumulative incidence that expresses the risk of an event
in a specific time duration of both the deaths and drops in
LVEF along with the number of non-censored patients with
no events was estimated, visualized, and tabulated, stratified
by the patient subgroup.

In all statistical analyses, a P value < 0.05 was considered
statistically significant. All statistical analyses were run using
R version 3.5.1 on RStudio Server version 1.1.463, under
Ubuntu version 16.04.4 LTS.

Results

Cohort formation and characteristics of the
patients

Of the studied population, 92.3% of patients were included
based on ICD-10 code I50, and 7.6% were included based
on other ICD-10 codes (cardiomyopathy: I42.0, I42.6, I42.8,
and I42.9; hypertension-induced heart disease: I11.0, I13.0,
and I13.2). Out of the 20 878 patients included in the study
on the basis of an ICD-10 and other primary inclusion criteria,
10 389 (50%) had an available LVEF measure. A total of 4042
patients were observed to have LVEF ≤ 40% and were

Figure 1 Cohort formation overview. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; ICD-10, International Classification of Diseases, 10th Revision; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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considered as HFrEF patients. From the remaining patients
(LVEF> 40%), 4590 had available NT-proBNP value exceeding
the applied cut-off level (≥125 pg/mL) and were further
divided into HFpEF and HFmrEF subgroups according to their
LVEF (Figure 1). The follow-up time was 15 022, 4962, and
10 097 patient-years for HFrEF, HFmrEF, and HFpEF
subgroups, respectively.

HFpEF patients were more frequently female and, on
average, 5 years older than HFrEF patients (Table 1). Diagno-
ses of co-morbidities, for example, atrial fibrillation and
flutter, and hypertension were also more common in HFpEF
patients (Table 1).

Timing of hospitalization

HF patients were followed up for up to four
rehospitalizations. The most common main diagnoses
associated with CV hospitalizations in HF patients as a group
were HF, atrial fibrillation and flutter, acute myocardial
infarction, atherosclerosis, and chronic ischaemic heart dis-
ease (Table S2, shown for the 10 most prevalent diagnoses).
However, there were statistically significant differences in
the frequency of diagnoses between HFpEF and HFmrEF or
HFrEF patients (Table S2). Compared with HFrEF or HFmrEF,
atrial fibrillation and flutter were more often recorded during

Table 1 Baseline characteristics of patients with heart failure stratified by left ventricular ejection fraction (LVEF) into HFrEF (≤40%),
HFmrEF (>40–50%), and HFpEF (>50%) phenotypes.

Variable HFrEF HFmrEF HFpEF
Missing
(%)

P value (P vs.
r)*

P value (P vs.
mr)*

n 4042 1468 3122
Female, n (%) 1242 (30.7) 626 (42.6) 1755 (56.2) 0.0 <0.001 <0.001
Age, years, mean
(SD)

70.76 (12.25) 74.21 (11.58) 75.20 (10.98) 0.0 <0.001 0.005

LVEF at index,
mean (SD)

31.29 (6.95) 46.56 (2.80) 62.70 (7.46) 0.0 <0.001 <0.001

P-proBNP, pg/mL,
median [IQR]

4580.00 [2060.00,
9765.00]

3470.00 [1510.00,
7515.00]

2700.00 [1200.00,
5770.00]

10.9 <0.001 <0.001

P-
proBNP < 125 pg/
mL (n)

29 (0.9) 0 (0.0) 0 (0.0) 10.9 <0.001 —

P-
proBNP < 300 pg/
mL (n)

84 (2.7) 46 (3.1) 158 (5.1) 10.9 <0.001 0.004

Haemoglobin,
mg/L, median
[IQR]

134.00 [120.00, 147.00] 127.00 [113.00, 141.00] 123.00 [109.00, 137.00] 1.0 <0.001 <0.001

Potassium, mmol/
L, median [IQR]

4.10 [3.80, 4.40] 4.10 [3.80, 4.40] 4.10 [3.80, 4.50] 0.7 0.001 0.333

C-reactive protein,
mg/L, median
[IQR]

10.00 [4.00, 28.00] 10.00 [4.00, 28.00] 10.00 [4.00, 35.00] 5.9 0.005 0.107

Creatinine, μmol/
L, median [IQR]

93.00 [76.00, 115.00] 91.00 [74.00, 117.00] 86.00 [70.00, 114.00] 0.6 <0.001 <0.001

CKD-EPI eGFR, mL/
min/1.73 m2,
median [IQR]

66.47 [48.96, 83.40] 62.66 [46.34, 79.66] 64.23 [45.02, 82.07] 0.6 <0.001 0.392

CKD, n (%) 1 656 (16.4) 181 (12.4) 423 (13.6) 0.6 <0.001 0.320
2 1751 (43.8) 620 (42.4) 1329 (42.7)
3 1305 (32.6) 529 (36.2) 1048 (33.6)
4 216 (5.4) 107 (7.3) 242 (7.8)
5 73 (1.8) 26 (1.8) 73 (2.3)

Diabetes (E11), n
(%)

1054 (26.1) 420 (28.6) 872 (27.9) 0.0 0.084 0.658

COPD (J44), n (%) 410 (10.1) 151 (10.3) 352 (11.3) 0.0 0.133 0.342
Atrial fibrillation
and flutter (I48),
n (%)

1768 (43.7) 802 (54.6) 1694 (54.3) 0.0 <0.001 0.838

Hypertension
(I10), n (%)

1805 (44.7) 810 (55.2) 2000 (64.1) 0.0 <0.001 <0.001

CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration [equation for estimated glomerular filtration
rate (eGFR)]; COPD, chronic obstructive pulmonary disease; HFmrEF, HF with mid-range ejection fraction; HFpEF, HF with preserved ejec-
tion fraction; HFrEF, HF with reduced ejection fraction; IQR, inter-quartile range; P-proBNP, plasma N-terminal pro-B-type natriuretic pep-
tide; SD, standard deviation.
*P vs. r, HFpEF vs. HFrEF; P vs. mr, HFpEF vs. HFmrEF.
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hospitalizations among HFpEF patients (16% vs. 12% in
HFrEF/HFmrEF) (Table S2). However, hospitalized HFpEF
patients were less often diagnosed with chronic ischaemic
heart disease (7% in HFpEF vs. 11% in HFmrEF and 14% in
HFrEF) and angina pectoris (2% in HFpEF vs. 3% in HFrEF
and 4% in HFmrEF) (Table S2). In addition, the frequency of
atherosclerosis, nonrheumatic aortic valve disorders,
cardiomyopathy, and paroxysmal tachycardia-related hospi-
talizations was significantly different between hospitalized
HFpEF and HFrEF (Table S2).

The Kaplan–Meier estimates show that there was a statis-
tically significant difference in the first rehospitalization rate
among the HF subgroups with HFrEF patients being
rehospitalized slightly earlier at any time point during the
5 years following the index, compared with HFpEF and
HFmrEF patients (P = 0.005, Figure 2 and Table S3). However,

the subsequent rehospitalization rates did not differ between
the subgroups (Figure S1), although an increase in the CV
hospitalization rate in each group was noted for those that
had at least one rehospitalization event reported (Figure 3
and Table S3).

During the 5 years following the index, 40% of HFrEF
patients were rehospitalized, while the corresponding
numbers for HFpEF and HFmrEF patients were 39% and
37%, respectively (Table S3, the first rehospitalization event).
Of those patients who were hospitalized once, a second CV
rehospitalization occurred in 82% of HFrEF patients during
the following 5 years of the first rehospitalization, while the
corresponding numbers were 82% and 85% for HFpEF and
HFmrEF patients, respectively (Table S3, second rehospitaliza-
tion event).

Factors associated with recurrent hospitalizations

The effect of pre-selected variables of interest on hospital-
izations was assessed in a Cox proportional hazards model
using recurrent event extension and including up to four
CV hospitalizations. The analysis shows that rehospitaliza-
tion in HFmrEF and HFrEF patients is less likely in women
and in patients with higher estimated glomerular filtration
rate at the selected significance level (Table 2). Diabetes
was associated with increased risk of rehospitalization in
HFrEF at the selected significance level (Table 2). In addi-
tion, HFrEF patients with atrial fibrillation were less likely
to be rehospitalized than were HFrEF patients in sinus
rhythm, although this is likely affected by a competing risk
with death confounding the association (Table 2). The com-
peting risk with death may also explain the findings for
COPD in HFmrEF patients. In HFpEF patients, none of the
tested variables were significantly associated with the risk
of CV rehospitalization.

Cardiovascular and all-cause mortality

According to the instructions given by the Finnish authorities
to the physicians for the fulfilment of death certificates, the
main cause of death should be the disease that has put into
action the events resulting in death; that is, for HF patients,
this could be COPD or myocardial infarction. Symptomatic
disorders, such as HF, are not allowed as a main cause of
death, if the aetiology of the condition is known. In addition,
an immediate cause of death is given if it differs from the
main cause. Accordingly, the most prevalent cause associated
with CV mortality in all HF phenotypes was chronic ischaemic
heart disease, followed by acute myocardial infarction (Table
S2, shown for the 10 most prevalent causes of CV death).
While cardiomyopathy was the third most prevalent cause as-
sociated with CV mortality in HFrEF, it was only the 10th most

Figure 2 Kaplan–Meier fit of the time until the first rehospitalization in
heart failure patients stratified into HFrEF (red), HFmrEF (blue), and
HFpEF (black) phenotypes. The ‘Number at risk’ table represents the
number of patients who have not yet undergone their next rehospitaliza-
tion (the event described in the corresponding plot). HFmrEF, heart fail-
ure with mid-range ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction.
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prevalent in HFpEF patients. In fact, statistically significant dif-
ferences in the frequency of almost all prevalent diagnoses
associated with CV mortality were observed between HFpEF
and HFrEF phenotypes. In comparison, such significant differ-
ences were not observed between HFpEF and HFmrEF (Table
S2). Compared with HFrEF, chronic ischaemic heart disease
(44% vs. 50%), acute myocardial infarction (21% vs. 26%),
and cardiomyopathy (2% vs. 9%) were less frequent causes
of CV death in HFpEF (Table S2). On the other hand, aortic
and mitral valve disorders (together 15% vs. 5%) and other
remaining causes of CV death with significantly different
prevalences were more frequent in HFpEF compared with
HFrEF.

Chronic ischaemic heart disease (37% in HFpEF, 46% in
HFrEF, and 45% in HFmrEF) and acute myocardial infarction
(18% in HFpEF, 23% in HFrEF, and 20% in HFmrEF) were also
the most common diagnoses associated with all-cause mor-
tality in HF patients as a group (Table S2). Significant differ-
ences were mostly observed between HFpEF and HFrEF
phenotypes only (Table S2).

The timing of all-cause mortality and CV mortality assessed
by Kaplan–Meier fits is presented in Table S4 and illustrated
in Figure 4. Patients with HFpEF had the poorest overall sur-
vival, whereas the causes of deaths were less likely associated
with CV events compared with HFmrEF and HFrEF (Figure 4,
and Table S4).

Figure 3 Kaplan–Meier fit of time to next rehospitalization event among heart failure patients stratified by the number of previous hospitalization
events and LVEF phenotype. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; LVEF, left ventricular ejection fraction.

Table 2 Cox regression model of factors associated with cardiovascular rehospitalizations in heart failure patients stratified by left ven-
tricular ejection fraction (LVEF) into HFrEF (≤40%), HFmrEF (>40–50%), and HFpEF (>50%) phenotypes.

Variable

HFrEF HFmrEF HFpEF

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1 (0.99–1.01) 0.460 0.99 (0.98–1.00) 0.130 0.99 (0.98–1.00) 0.180
Atrial fibrillation and flutter (I48) 0.77 (0.65–0.92) 0.004 0.83 (0.64–1.06) 0.140 0.97 (0.81–1.16) 0.750
COPD (J44) 1.07 (0.83–1.37) 0.600 0.67 (0.45–0.99) 0.046 0.88 (0.68–1.13) 0.310
Diabetes (E11) 1.2 (1.00–1.45) 0.049 0.97 (0.74–1.26) 0.810 1.1 (0.89–1.35) 0.370
LVEF at index 1.01 (0.99–1.02) 0.230 1.03 (0.98–1.07) 0.230 1.01 (0.99–1.02) 0.390
eGFR 0.99 (0.99–1.00) 0.018 0.99 (0.99–1.00) 0.003 1 (0.99–1.00) 0.380
Gender = Female 0.65 (0.54–0.79) <0.001 0.76 (0.59–0.99) 0.039 0.85 (0.7–1.02) 0.080
HB 1 (1–1.01) 0.830 1.01 (1.00–1.01) 0.150 1 (1–1.01) 0.730
Hypertension (I10) 0.97 (0.81–1.16) 0.740 1.08 (0.84–1.39) 0.540 1.04 (0.86–1.25) 0.700
Potassium 0.99 (0.85–1.15) 0.880 1.19 (0.93–1.52) 0.180 0.96 (0.83–1.12) 0.630
log2(NT-proBNP) 0.97 (0.92–1.03) 0.360 0.96 (0.89–1.05) 0.370 1.02 (0.96–1.08) 0.540
log2(C-reactive protein) 0.93 (0.89–0.97) 0.001 0.99 (0.92–1.06) 0.730 0.97 (0.92–1.02) 0.240

COPD, chronic obstructive pulmonary disease; CI, confidence interval; eGFR, estimated glomerular filtration rate; HB, haemoglobin;
HFmrEF, HF with mid-range ejection fraction; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; HR,
hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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To conclude, HFpEF phenotype clearly differs from HFrEF in
terms of the distribution of causes of death.

Factors affecting the risk of all-cause mortality
and cardiovascular mortality

In all patient groups, each additional hospitalization was asso-
ciated with a two-fold increased risk of death and a 2.2- to
2.3-fold increase in the risk of CV death (Table 3). This associ-
ation was similar between HFrEF, HFmrEF, and HFpEF. Demo-
graphic and clinical factors associated with all-cause and CV
mortality in each group are shown in Table 4. Assessed fac-
tors associated with all-cause mortality were higher age and
NT-proBNP concentrations, where a doubling (log2) in con-
centration was associated with an increased risk of death
(HR 1.13 in HFmrEF, 1.18 in HFpEF, and 1.14 in HFrEF; Table
4). In addition, female gender was associated with a risk re-
duction in all groups (Table 4). The same factors remained
significant when assessing CV mortality, even if the relation-
ship between NT-proBNP and CV mortality was stronger than

that for all-cause mortality (HR 1.18 in HFmrEF, 1.28 in HFpEF,
and 1.18 in HFrEF; Table 4).

Left ventricular ejection fraction phenotype
changes over time

The dynamics of LVEF measurements in HFpEF and HFmrEF
patients towards the HFrEF phenotype was evaluated by plot-
ting LVEF measures progressing below the LVEF cut-off value
against follow-up time stratified by patient group and gender
(Figure S2). The plot shows that LVEF measure is dynamic also
in this patient cohort, in HFmrEF patients in particular. In ad-
dition, patients are as a group rather heterogeneous in terms
of the pattern of assessed LVEF changes recorded over time
(Figure S2).

The probability of LVEF dropping to ≤40% in the patients
with HFmrEF and HFpEF at index was analysed in a model to-
gether with death as a competing outcome (see Methods). In
Figure S3, the cumulative incidence of deaths or a drop in
LVEF to ≤40% is presented. Five years after the index, 50%
of HFpEF patients had died and 8% had progressed to an

Figure 4 All-cause mortality (left) and CV mortality (right) in heart failure patients stratified by LVEF phenotype. CV, cardiovascular; HFmrEF, heart
failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF,
left ventricular ejection fraction.
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HFrEF phenotype (LVEF ≤ 40%), whereas in the HFmrEF
group, the corresponding numbers were 41% and 22%, re-
spectively (Figure S3 and Table S5). After 10 years of follow-
up, 10% in the HFpEF group had an LVEF ≤ 40% recorded;
however, there is likely to be a greater influence of the com-
peting risk of death as 70% of patients had died by this time
point (Figure S3 and Table S5). Results of a competing risk
model analogous to Cox model highlighted the protective as-
sociation of female gender and age with the LVEF drop, al-
though the protective association of higher age can be
associated with a competing outcome, which is increased
death among older patients (Table S6).

Discussion

This study was carried out to increase the epidemiological un-
derstanding of HF patients across the LVEF range with an em-
phasis on the potentially specific characteristics of the less
well-understood HFpEF phenotype.

Here, hospitalization and mortality of HF patients, strati-
fied by LVEF into HFpEF (>50%), HFmrEF (>40–50%), and
HFrEF (≤40%) phenotypes, were determined by utilizing a
large, robust electronic patient register of HDSWF. The anal-
yses of 8632 patients, including 4590 patients with

LVEF > 50% or >40–50%, showed the association of recur-
rent hospitalizations with mortality in HF patients and re-
vealed similarities but also differences between the HF
phenotypes.

Hospitalization and mortality

Hospitalizations were frequent among the HF patients, with
39% of HFpEF patients hospitalized at least once due to a
CV cause within 5 years from index, which was close to the
corresponding estimate for HFrEF and HFmrEF patients
(40% and 37%, respectively) and previously published esti-
mates (reviewed in Dunlay et al.19 and Oktay et al.20). Of
note, in this patient cohort, the proportion of HF hospitaliza-
tions due to HFrEF was lower than in the previous broad re-
port (47% in 2010).27 This could be due to the difference in
the number of patients studied, but it may also reflect the ob-
served decreasing trend for the hospitalization in HFrEF, as
this study included patients diagnosed within 2005–2017.
Hospitalized HFpEF patients differed from HFrEF patients in
terms of the frequency of most prevalent diagnoses associ-
ated with CV hospitalizations.

The rate of rehospitalization increased after the first re-
hospitalization, with a median time decreasing from not
reached for the first rehospitalization to 1.0, 0.6, and
0.4 years for the second, third, and fourth rehospitalizations,
respectively, in HFpEF patients. A similar increase in the
event rate of recurrent hospitalizations was also evident in
the other HF phenotypes. This is in line with the known ep-
idemiology of HF,20 but this study adds to scientific knowl-
edge with the longer follow-up time and specific insight on
HFpEF patients.

Analysing factors associated with CV rehospitalization, fe-
male gender, and better kidney function were found to be
protective against rehospitalizations in HFmrEF and HFrEF.
However, in the HFpEF group, the factors assessed were
not associated with rehospitalizations, although a trend for
the protective role of female gender was observed also in
this patient group (HR 0.85, P value = 0.080). The factors
assessed were pre-selected, which may introduce a bias of
excluding potential HFpEF-specific risk factors from the
analysis.

These findings suggest that disease progression, with
increasing frequency of hospitalizations over time, is similar
by LVEF phenotype, but there may be some differences in
patient characteristics and their relation to disease severity.

Unadjusted all-cause mortality was higher in patients with
HFpEF (46% alive at 5 years) compared with HFmrEF or HFrEF
groups (49% and 51% alive at 5 years, respectively).
CV-related causes of death were less prevalent in HFpEF pa-
tients than in the other groups, which is in line with previous
studies.19 Although CV mortality was less frequent in HFpEF
patients, it was highly associated with NT-proBNP

Table 3 Cox regression model of the association of
rehospitalizations, age, and gender with all-cause mortality and
CV mortality in heart failure patients stratified by left ventricular
ejection fraction into HFrEF (≤40%), HFmrEF (>40–50%), and
HFpEF (>50%) phenotypes.

Type Group Variable HR (95% CI) P value

All-cause
mortality

HFrEF Number of
rehospitalizations

2.06 (1.98–2.15)<0.001

Gender = Female 0.94 (0.84–1.05) 0.280
Age 1.06 (1.05–1.06)<0.001

HFmrEF Number of
rehospitalizations

2.00 (1.87–2.14)<0.001

Gender = Female 0.77 (0.64–0.93) 0.006
Age 1.06 (1.05–1.07)<0.001

HFpEF Number of
rehospitalizations

2.03 (1.93–2.13)<0.001

Gender = Female 0.82 (0.72–0.92) 0.001
Age 1.05 (1.04–1.05)<0.001

CV mortality HFrEF Number of
rehospitalizations

2.26 (2.15–2.36)<0.001

Gender = Female 0.93 (0.81–1.06) 0.290
Age 1.06 (1.05–1.07)<0.001

HFmrEF Number of
rehospitalizations

2.23 (2.06–2.41)<0.001

Gender = Female 0.79 (0.63–1.00) 0.049
Age 1.07 (1.05–1.08)<0.001

HFpEF Number of
rehospitalizations

2.24 (2.12–2.38)<0.001

Gender = Female 0.82 (0.7–0.97) 0.019
Age 1.06 (1.05–1.07)<0.001

CI, confidence interval; HFmrEF, HF with mid-range ejection frac-
tion; HFpEF, HF with preserved ejection fraction; HFrEF, HF with re-
duced ejection fraction; HR, hazard ratio.
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concentrations, where a doubling (log2) in a concentration
clearly increased the risk of CV mortality. Interestingly, this in-
crease in risk was higher in HFpEF than in HFmrEF or HFrEF. In
all subgroups, NT-proBNP was associated with an increased
risk of all-cause mortality as well. This is in line with the pre-
vious 1 year study showing that NT-proBNP, independent of
LVEF, is a strong predictor of mortality in consecutively hospi-
talized HFpEF and HFrEF patients stratified using a single
cut-off value of LVEF (45%).28

Rehospitalizations were strongly associated with all-cause
and CV mortality in all LVEF subgroups when adjusted for
age and gender. The relationship was consistent between
the HF subgroups. The relationship between history of prior
hospitalizations and increased risk of mortality has been ob-
served before in HF patients, both in clinical trials and in
real-world data.18,22–25 However, studies to date have mainly
focused on overall HF patients, with a paucity of data specific
to HFpEF and HFmrEF. In a recent observational study utiliz-
ing a large cohort of HF patients of the Clinical Practice Re-
search Datalink database in the UK, the increased risk of CV
mortality with rehospitalizations was shown in HF patients
as a group, with an increase in HR of 2.8–6.3 for the first, sec-
ond, and fourth rehospitalizations (21). This is lower than the
corresponding HR of 2.2–24 in our study. Recent data from

the large multicentre PARAGON-HF trial in HFpEF
patients17,29 showed that patients who were recently hospi-
talized or had multiple prior hospitalizations were associated
with higher risk of overall rehospitalization and CV death.18

Lee et al.25 and later Bello et al.24 also included data specific
to HFpEF patients, although with variable LVEF cut-off level.
Lee et al. followed up newly admitted HF patients (n = 3008
and 1187 for HFrEF and HFpEF, respectively) and reported
that in HFpEF, the adjusted relative CV mortality rate in-
creased from 3.7 for the first rehospitalization to 9.7 for the
fourth rehospitalization in HFpEF and was also close to that
in HFrEF patients (3.8–12.6).25 Bello et al. reported an analy-
sis of the CHARM trial and followed up HF patients stratified
according to the history of hospitalizations before the enrol-
ment (n = 4572 and 3021 for HFrEF and HFpEF, respectively).
The increased risk of CV death or HF hospitalization due to
prior history of hospitalizations was similar between the phe-
notypes (adjusted HR 1.56–1.59), although higher event rates
were observed for HFrEF.24 Variable risk ratios may be attrib-
utable to differences in study design and, potentially, in pa-
tient characteristics and setting. Importantly, this study
adds to existing scientific knowledge by providing data spe-
cific for HFpEF and HFmrEF subgroups from a large, robust
real-world data source.

Table 4 Cox regression model of demographic and clinical factors associated with all-cause and cardiovascular (CV) mortality in heart fail-
ure patients stratified by left ventricular ejection fraction (LVEF) into HFrEF (≤40%), HFmrEF (>40–50%), and HFpEF (>50%) phenotypes.

Variable

HFrEF HFmrEF HFpEF

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

All-cause mortality
Age, years 1.05 (1.04–1.05) <0.001 1.06 (1.05–1.07) <0.001 1.05 (1.04–1.06) <0.001
Atrial fibrillation and flutter (I48) 0.89 (0.81–0.99) 0.031 0.89 (0.76–1.03) 0.11 0.93 (0.84–1.03) 0.15
COPD (J44) 1.47 (1.27–1.7) <0.001 1.64 (1.3–2.07) <0.001 1.52 (1.3–1.76) <0.001
Diabetes (E11) 1.36 (1.21–1.52) <0.001 1.06 (0.89–1.25) 0.54 1.13 (1.01–1.27) 0.031
LVEF at index 1 (0.99–1) 0.44 1.01 (0.98–1.04) 0.41 1 (1–1.01) 0.21
eGFR (mL/min/1.72 m2) 0.99 (0.99–1) <0.001 1 (0.99–1) 0.062 1 (1–1) 0.19
Gender = Female 0.85 (0.76–0.96) 0.006 0.71 (0.61–0.83) <0.001 0.77 (0.7–0.86) <0.001
Haemoglobin (mg/L) 0.99 (0.99–0.99) <0.001 0.99 (0.99–0.99) <0.001 0.99 (0.99–1) <0.001
Hypertension (I10) 0.9 (0.81–1) 0.042 0.99 (0.85–1.16) 0.9 0.87 (0.78–0.96) 0.008
Potassium (mmol/L) 1.03 (0.93–1.14) 0.63 1.08 (0.93–1.25) 0.34 1.05 (0.96–1.15) 0.26
log2(NT-proBNP) 1.14 (1.1–1.19) <0.001 1.13 (1.08–1.19) <0.001 1.18 (1.14–1.22) <0.001
log2(C-reactive protein) 1.06 (1.03–1.09) <0.001 1.04 (1–1.08) 0.067 1.06 (1.03–1.08) <0.001

CV mortality
Age, years 1.05 (1.05–1.06) <0.001 1.06 (1.05–1.08) <0.001 1.07 (1.06–1.08) <0.001
Atrial fibrillation and flutter (I48) 0.87 (0.77–0.98) 0.021 0.84 (0.69–1.01) 0.066 0.9 (0.79–1.03) 0.120
COPD (J44) 1.12 (0.92–1.36) 0.250 1.2 (0.87–1.66) 0.280 1.14 (0.91–1.44) 0.250
Diabetes (E11) 1.52 (1.33–1.74) <0.001 1.21 (0.98–1.49) 0.078 1.34 (1.16–1.56) <0.001
LVEF at index 0.99 (0.98–1) 0.140 1.02 (0.98–1.05) 0.330 1 (0.99–1.01) 0.400
eGFR 0.99 (0.99–0.99) <0.001 1 (0.99–1) 0.056 1 (0.99–1) 0.110
Gender = Female 0.83 (0.72–0.95) 0.005 0.72 (0.59–0.88) 0.001 0.75 (0.65–0.86) <0.001
Haemoglobin (mg/L) 0.99 (0.99–1) <0.001 0.99 (0.99–1) 0.050 1 (0.99–1) 0.022
Hypertension (I10) 0.82 (0.72–0.93) 0.002 1.01 (0.83–1.23) 0.880 0.83 (0.72–0.95) 0.008
Potassium (mmol/L) 1.03 (0.91–1.16) 0.620 1.12 (0.94–1.35) 0.210 1.07 (0.95–1.2) 0.280
log2(NT-proBNP) 1.18 (1.13–1.23) <0.001 1.18 (1.11–1.26) <0.001 1.28 (1.22–1.34) <0.001
log2(C-reactive protein) 1.04 (1–1.07) 0.030 1.04 (0.99–1.09) 0.130 1.03 (1–1.06) 0.059

CI, confidence interval; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HFmrEF, HF with
mid-range ejection fraction; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; HR, hazard ratio; NT-
proBNP, N-terminal pro-B-type natriuretic peptide.
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Progression from heart failure with preserved
ejection fraction/heart failure with mid-range
ejection fraction to heart failure with reduced
ejection fraction (left ventricular ejection fraction
drop)

To our knowledge, this study is one of only a few studies with
robust data over an extensive follow-up period (10 years)
assessing the LVEF decline in both HFpEF and HFmrEF pa-
tients, giving new perspectives on LVEF stability over time. In-
deed, this study shows that during the 10 years following the
index date, 26% of HFmrEF patients and 10% of HFpEF pa-
tients had progressed to an HFrEF phenotype (LVEF ≤ 40%).
However, death was a competing risk as an outcome, and a
significant proportion of patients with HFmrEF/HFpEF died
within the study period. Previous reports on the dynamics
of LVEF in HFpEF and/or HFmrEF patients have shown that
a range of patients do undergo dynamic changes in LVEF,
but the results on the relative number of patients (HFpEF in
particular) have been variable.10–14 It is unclear whether this
discrepancy is due to the differences in the follow-up, num-
ber of patients, or lack of fixed prospective protocols for LVEF
measurements. In addition, LVEF measure of each patient can
be affected by medications, co-morbidities, gender, ethnicity,
and natural dynamics of the value. Here, LVEF measures were
text mined and not recorded using fixed protocol. Also, the
effects of co-morbidities and therapy were not evaluated,
and other echocardiographic features were not available to
validate the accurate LVEF status in each measurement.

Compared with prospective reports11,12 and the current
study (10 years’ follow-up of 3122 HFpEF and 1468 HFmrEF
patients), previous retrospective studies with limited
follow-up (5 years) and number of patients (n = 559/1613)
observed significantly more patients dropping from HFpEF
to HFrEF phenotype (33% in Clarke et al.13; 25% in Dunlay
et al.14). A prospective study by Lupón et al.12 found that dur-
ing the follow-up of up to 11 years, only 1.6% of HFpEF pa-
tients progressed to HFrEF (and 9.5% to HFmrEF). These
data were from a small cohort (n = 126) and may have been
associated with selection bias owing to requirement for ac-
tive consent. Tsuji et al.11 investigated more HFpEF patients
(n = 2154), but with a limited prospective follow-up (3 years),
and observed that 4% of HFpEF patients transitioned to HFrEF
phenotype (and 8% to HFmrEF), which is close to the esti-
mate of the current study (7% by 3 years and 10% by
10 years).

Both short-term and long-term follow-up studies reporting
on the dynamic changes in LVEF of HFmrEF patients suggest
that these patients may undergo phenotype transition in ei-
ther direction with 21–25% and 36–45% of HFmrEF patients
changing to HFrEF and HFpEF phenotypes, respectively.10,11

The current, retrospective study only assessed the transition
from HFmrEF to HFrEF phenotype but from a large data

source. Nevertheless, the number of patients (26% by
10 years) progressing was almost comparable with the previ-
ous, prospective studies with limited number of patients
(n = 187 and 596).

Limitations and conclusions

There are several limitations typically associated with retro-
spective database analyses, as well as those associated with
cohort selection. These include the risk that some informa-
tion may not have been consistently recorded for all patients,
potentially affecting the population size and other outcomes.
Other limitations include that the HFpEF group was selected
based on a diagnosis, elevated NT-proBNP, and LVEF data.
However, other echocardiographic features to validate the
HFpEF patient selection were not available.

To conclude, in HF patients, and HFpEF patients especially,
there is a large unmet need to effectively manage the condi-
tion. CV rehospitalizations and higher NT-proBNP levels were
significantly associated with all-cause and CV mortality. Clini-
cally, this indicates that patients with high NT-proBNP and
history of hospitalizations represent higher risk groups. In ad-
dition, this retrospective study gives a more robust estimate
from a large cohort on LVEF decline. In the future, larger,
preferably prospective, patient cohorts should be utilized
and extend to the assessment of the prognostic impact of dy-
namic LVEF changes.
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Figure S1. Kaplan–Meier fit of the timing of all analysed re-
current hospitalisations events (1st-4th) stratified by LVEF
into HFrEF (red), HFpEF (black), and HFmrEF (blue) pheno-
types. The ‘Number at risk’ table represents the number of
patients that have not yet undergone their next
rehospitalisation (the event described in the corresponding
plot).
Figure S2 Visualisation of the LVEF progression below 40% in heart
failure patients stratified by LVEF phenotype and gender. The patients
are ordered by the length of follow up i.e. time since index until end of
follow up (death or study end). Multiple patients had LVEF measure-
ments prior to index (time point 0). Blue line, LVEF >40% in the latest
measurement; red line, LVEF <40% in the latest measurement.
Figure S3 Competing risk plot of the cumulative incidence of mortality
(red line) compared to an event with a drop in LVEF to ≤40% (black
line) in heart failure patients with HFmrEF (solid line) and HFpEF
(dashed line) phenotype at index. The cumulative incidence expresses
the proportion of patients in which a specific event occurs. Numbers at

the bottom of the graph represent the number of patients with no events
(death, a drop in LVEF to ≤40%, or end of follow up) at each time point.
Table S1 Number of left ventricular ejection fraction measurements per
patient
Table S2 Ten most frequent main diagnoses associated with cardiovas-
cular (CV) hospitalisations, all-cause mortality, and CV mortality in
heart failure patients stratified by left ventricular ejection fraction into
HFrEF (≤40%), HFmrEF (>40–50%), and HFpEF (>50%) phenotypes.
Table S3 Kaplan–Meier fit of the probabilities of not being hospitalised
given 0, 1, 2, and 3 previous rehospitalisations, among heart failure pa-
tients stratified by left ventricular ejection fraction into HFrEF (≤40%),
HFmrEF (>40–50%), and HFpEF (>50%) phenotypes.
Table S4 Kaplan–Meier estimates of all-cause mortality and cardiovas-
cular (CV) mortality in heart failure patients stratified by left ventricu-
lar ejection fraction into HFrEF (≤40%), HFmrEF (>40–50%), and
HFpEF (>50%) phenotypes.
Table S5 Cumulative incidence of deaths and drop in left ventricular
ejection fraction (LVEF) to ≤40% in heart failure patients with HFpEF
or HFmrEF phenotype at index.
Table S6 The association of gender, age and left ventricular ejection
fraction (LVEF) at index with the risk of LVEF dropping to ≤40% in
HFmrEF and HFpEF patients in the competing risk model.
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