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Abstract

Aims The H2FPEF score is a convenient risk stratification tool for diagnosing heart failure with preserved ejection fraction
(HFpEF). This study examined the value of the H2FPEF score for predicting all-cause mortality and rehospitalization in HFpEF
patients.
Methods and results This was a retrospective cohort study of patients diagnosed with HFpEF by echocardiography at a sin-
gle tertiary centre between 1 January 2015 and 30 April 2018. According to the H2FPEF score, the subjects were divided into
low (0–1 points), intermediate (2–5 points), and high (6–9 points) score groups. The primary outcomes were all-cause mortal-
ity and rehospitalization. A total of 476 patients (mean age: 70.5 ± 8.4 years, 60.7% female) were included. Of these, 47 (9.9%),
262 (55.0%), and 167 (35.1%) were classified into the low, intermediate, and high score groups, respectively. Over a mean
follow-up of 27.5 months, 63 patients (13.2%) died, and 311 patients (65.3%) were rehospitalized. The mortality rates were
3 (6.4%), 29 (11.1%), and 31 (18.6%), and the number of patients with rehospitalization was 28 (59.6%), 159 (60.7%), and
124 (74.3%) for the low, intermediate, and high score groups, respectively. Multivariate Cox regression identified H2FPEF score
as an independent predictor of all-cause mortality (hazard ratio [HR]: 1.46, 95% CI: 1.23–1.73, P < 0.0001) and rehospitaliza-
tion (HR: 1.15, 95% CI: 1.08–1.22, P < 0.0001). Receiver operating characteristic (ROC) analysis demonstrated the H2FPEF
score can effectively predict all-cause mortality (AUC 0.67, 95% CI: 0.60–0.73, P < 0.0001) and rehospitalization (AUC 0.59,
95% CI: 0.54–0.65, P = 0.001) after adjusting for age and NYHA class. With a cut-off value of 5.5, the sensitivity and specificity
were 68.3% and 55.4% for all-cause mortality and 50.5% and 66.7% for rehospitalization.
Conclusions The H2FPEF score can be used to predict prognosis in HFpEF patients. Higher scores are associated with higher
all-cause mortality and rehospitalization.
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Introduction

Heart failure (HF) represents the terminal stage of various
cardiovascular diseases. In the latest European Society of Car-
diology (ESC) guidelines, HF was divided into HF with reduced
ejection fraction (HFrEF), HF with mid-range ejection fraction
(HFmrEF), and HFpEF based on left ventricular ejection
fraction (LVEF).1,2 HFpEF is a clinical syndrome characterized
by abnormal diastolic function, decreased compliance, and
increased stiffness. The main mechanisms include left

atrial hypertension, pulmonary hypertension (PH), plasma
volume expansion, systemic microvascular inflammation,
cardiometabolic functional abnormalities, and cellular
(titin)/extracellular (fibrosis) structural abnormalities.3,4 In
addition, common characteristics of patients with HFpEF in-
clude advancing age, a higher body mass index (BMI), female
gender, and atrial fibrillation (AF) but lower frequency of is-
chemic heart disease (IHD).5 Over the past few decades, the
prevalence of HFpEF increased from 41% to 56%, whereas
the prevalence of HFrEF and HFmrEF decreased from 44%
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to 31% and from 15% to 13%, respectively.6 Currently, HFpEF
has become the dominant form of HF worldwide, accounting
for approximately 50% of all hospital admissions for HF.7 At
present, there are no definitive treatments that have been
proven to improve prognosis and no measures available to
evaluate the prognosis of HFpEF.

The H2FPEF score was proposed by Reddi et al. for the di-
agnosis of HFpEF in 2018.8 This score comprised BMI
>30 kg/m2, two or more antihypertensive medications, par-
oxysmal or persistent AF, pulmonary arterial systolic pressure
>35 mmHg by echocardiography, age >60 years, E/e′ >9 by
Doppler echocardiography. For this score, six dichotomized
variables remained associated with HFpEF and were assigned
a score proportional to the strength of their respective asso-
ciations. These scores were summed to yield the global
H2FPEF score ranging from 0 to 9. The scoring criteria and
interpretations were as follows: 0 or 1, exclude HFpEF; 2–5,
further examination is needed to confirm the diagnosis; and
6–9, high probability of HFpEF diagnosis. However, whether
it can be used to predict prognosis has not been explored
in detail. Therefore, this study examined whether H2FPEF
score can be used to predict adverse outcomes in HFpEF
patients.

Methods

Study population and groups

All procedures were conducted in accordance with the Decla-
ration of Helsinki. The study was approved by the institu-
tional review board of Dalian Medical University, and
informed consent has been obtained from the subjects. A to-
tal of 856 consecutive patients with HFpEF were hospitalized
at the First Affiliated Hospital of Dalian Medical University be-
tween 1 January 2015 and 31 April 2018; 380 patients were
excluded due to missing echocardiographic data (n = 125),
loss to follow-up (n = 110), or meeting other exclusion criteria
(n = 145). We calculated the H2FPEF score for the remaining
patients and divided the cohort into three groups according
to H2FPEF score: low score group (H2FPEF score 0–1 points),
intermediate score group (2–5 points), and high score group
(6–9 points).

Clinical definitions

HFpEF was diagnosed according to the 2016 ESC guidelines
for the diagnosis and treatment of acute and chronic HF.
The diagnostic criteria were clinical symptoms or signs of
HF, LVEF ≥50%, elevated levels of natriuretic peptides (B-type
natriuretic peptide >35 pg/mL or N-terminal pro B-type na-
triuretic peptide >125 pg/mL), and at least one of the follow-
ing additional criteria: (i) relevant structural heart disease

(left ventricular hypertrophy or left atrial enlargement) and
(ii) diastolic dysfunction. The exclusion criteria were severe
valvular disease, end-stage renal failure (estimated glomeru-
lar filtration rate [eGFR] <30 mL/min/1.73 m2), or systemic
inflammatory disease.

Clinical data

Details of clinical characteristics, co-morbidities, drug ther-
apy, laboratory values, arrhythmias, and echocardiography
findings of the subjects were collected and recorded. Subjects
were required to fast more than 8 h before venous blood col-
lection, and blood samples were usually obtained the morn-
ing after admission. All subjects underwent dynamic
electrocardiography to record the occurrence of various ar-
rhythmias. Echocardiography was performed under stable
condition before discharge by experienced cardiologists
who had no knowledge of the study.

Follow-up

Observations were performed by investigators who were
blinded to the study information. Most of the enrolled pa-
tients were required to return to the outpatient clinic every
month. Nevertheless, if the patients did not appear at their
scheduled clinic, they were to be interviewed by telephone
annually. The cut-off was 30 April 2018 or the occurrence of
death or rehospitalization. Mean follow-up duration was
27.5 months, and the main endpoints were all-cause mortal-
ity and worsening of HF resulting in rehospitalization. Rehos-
pitalization for decompensated HF was defined as when
patients were admitted with typical symptoms of HF and ob-
jective evidence of worsening HF that required intravenous
treatment.

Statistical analysis

Statistical analysis was performed using Statistical Package
for Social Sciences, Version 24.0 (SPSS Inc., Chicago, IL). Qual-
itative variables were expressed as percentages (%), and
Fisher’s exact test and χ2 test were used for comparison be-
tween groups as appropriate. Data with a non-normal distri-
bution were expressed as the median (interquartile range).
The Kruskal–Wallis test was used for multi-group compari-
sons. Normally distributed data were expressed as
means ± standard deviations (x ± s), and ANOVA was used
for between-group comparison. Kaplan–Meier analysis was
used to describe the cumulative incidence of adverse events,
and the log-rank test was used to compare differences. Uni-
variate Cox proportional hazard regression was used to iden-
tify significant predictors of the primary outcomes. Significant
predictors were entered into multivariate analysis. Hazard
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ratios (HRs) with 95% confidence intervals (CIs) were pre-
sented. All values were two-tailed, and P-values <0.05 were
considered statistically significant.

Results

Baseline characteristics

The study flow chart is shown in Figure 1. A total of 476 pa-
tients with HFpEF were enrolled in the study; the percentages
of the low, intermediate, and high score groups were 47 (9.9),
262 (55.0), and 167 (35.1), respectively. The basic clinical
characteristics are shown in Table 1. Overall, compared with
the low and intermediate H2FPEF score groups, patients in
the high score group were older, more likely to have a history
of AF/atrial flutter, less likely to have myocardial infarction

(MI), and more likely to take medications, including
angiotensin-converting enzyme inhibitors (ACEI), calcium
channel blockers, diuretics, and digoxin. However, patients
in the intermediate score group had a heavier burden of hy-
pertension and type 2 diabetes mellitus (T2DM), greater
prevalence of New York Heart Association (NYHA) classes 3
and 4, and higher values of systolic blood pressure.

In terms of laboratory tests, patients in the high score
group had higher serum sodium and uric acid (UA) levels
but lower triglyceride levels compared with those in the
low and intermediate score groups. Regarding electrophysio-
logical findings, the incidence of AF was significantly higher in
the high score group than in the low and intermediate score
groups. There were statistically significant differences in the
incidence of premature atrial contraction and atrial tachycar-
dia among the three groups (P < 0.05). Regarding echocar-
diographic findings, the high score group had higher right
ventricular outflow tract thickness, right ventricular diameter,

Figure 1 Flow chart of the study protocol.
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Table 1 Baseline characteristics of HFpEF patients stratified by the H2FPEF score

0–1 points 2–5 points 6-9points P value

Case (n, %) 47 (9.9) 262 (55.0) 167 (35.1) —

Age (years) 66.3 ± 10.4ѱ† 70.3 ± 8.9 72.1 ± 6.2 <0.001
Female (n, %) 24 (57.4) 159 (60.7) 106 (63.4) 0.306
NYHA

II (n, %) 14 (16.1)ѱ† 50 (57.5) 23 (26.4) 0.036
III (n, %) 21 (7.6) 150 (54.2) 106 (38.3) 0.063
IV (n, %) 12 (10.8) 61 (55.0) 38 (34.2) 0.916

BMI 23.8 ± 2.57ѱ† 26.6 ± 3.91*† 28.1 ± 4.48*ѱ <0.001
Systolic (mmHg) 134.9 ± 24.86 145.5 ± 26.59*† 138.9 ± 22.81 0.004
Diastolic (mmHg) 75.5 ± 14.95 81.3 ± 17.01 70.2 ± 13.44 0.064
Atrial fibrillation/flutter (n, %) 0 (0.0)ѱ† 87 (33.2)*† 162 (97.0)*ѱ <0.001
Hypertension (n, %) 26 (55.3)ѱ† 216 (82.4) 135 (80.8) <0.001
Diabetes (n, %) 15 (31.9)ѱ† 137 (52.3) 83 (49.7) 0.036
MI (n, %) 20 (42.6) 63 (24.0)*† 29 (17.4) 0.001
PCI (n, %) 8 (17.0) 30 (11.5) 20 (12.0) 0.558
Pacemakers (n, %) 1 (2.1) 11 (4.2) 4 (2.4) 0.531
Drug therapy

Loop diuretics (n, %) 22 (46.8) 167 (63.7)*† 120 (71.9) 0.005
Beta-blockers 27 (58.7) 182 (69.5) 137 (82.0)*ѱ 0.010
ACEI (n, %) 7 (14.9)ѱ† 73 (27.9) 56 (33.5) 0.041
ARB (n, %) 1 (2.1)ѱ† 89 (34.0) 54 (32.3) <0.001
Spironolactone (n, %) 18 (39.1) 134 (51.1) 100 (59.9)* 0.022
CCB (n, %) 3 (6.4) 99 (37.8)*† 75 (44.9) <0.001
Digoxin (n, %) 0 (0.0)ѱ† 19 (7.3)*† 24 (14.4)*ѱ 0.038
Statin (n, %) 26 (55.3) 169 (64.5) 99 (59.3) 0.351
Antiplatelet drug (n, %) 24 (51.1)ѱ† 135 (51.5) 58 (34.7) 0.002

Laboratory values
Haemoglobin (g/L) 12.4 ± 22 12.4 ± 26 12.8 ± 24 0.183
BNP (pg/mL) 221 (92, 493) 254 (107, 571) 286 (171, 513) 0.227
hs-TnI (μg/L) 0.04 (0.01, 0.13)† 0.02 (0.01, 0.05) 0.02 (0.01, 0.03) 0.035
D-Dimer (μg/mL) 630 (218, 1128) 565 (268, 1225) 560 (245, 1140) 0.835
Glu (mmol/L) 6.7 ± 2.5 7.0 ± 3.2 6.4 ± 2.5 0.075
Urea (mmol/L) 7.2 (5.7, 8.5) 7.8 (5.9, 11.5) 7.4 (6.0, 10.5) 0.216
Cre (mmol/L) 72 (58, 92) 82 (66, 111) 79 (63, 106) 0.080
UA (mmol/L) 0.369 (0.289, 0.451)† 0.426 (0.334, 0.526) 0.443 (0.353, 0.532) 0.018
TC (mmol/L) 4.5 ± 1.19 4.5 ± 1.31 4.3 ± 1.03 0.211
TG (mmol/L) 1.4 ± 0.9 1.6 ± 0.9† 1.3 ± 0.6 0.006
HDL-C (mmol/L) 1.1 ± 0.3 1.2 ± 0.4 1.1 ± 0.3 0.233
LDL-C (mmol/L) 2.6 ± 0.9 2.6 ± 0.9 2.4 ± 0.8 0.299
Na (mmol/L) 140 ± 5ѱ† 141 ± 4 142 ± 4 0.006
K (mmol/L) 3.9 ± 0.5 4.1 ± 0.6*† 3.9 ± 0.5 0.003

Echocardiography findings
Right ventricular diameter (mm) 19.2 ± 3.2 18.4 ± 2.9† 19.3 ± 2.6 0.004
Thickness of right anterior ventricular wall (mm) 5.1 ± 0.6 5.0 ± 0.1 5.0 ± 0.4 0.220
Thickness of right ventricular outflow tract (mm) 27.4 ± 3.4 27.6 ± 4.3 28.9 ± 3.6*ѱ 0.004
Interventricular septal thickness (mm) 11.2 ± 2.2 11.5 ± 1.8 11.2 ± 1.5 0.419
Aortic diameter (mm) 25.6 ± 3.1 25.1 ± 3.3 25.3 ± 2.9 0.636
Left atrial diameter (mm) 38.9 ± 5.8ѱ† 41.5 ± 6.6*† 44.9 ± 6.3*ѱ <0.001
Left ventricular end diastolic diameter (mm) 46.9 ± 7.1 47.3 ± 5.7 48.1 ± 5.4 0.265
Inner diameter of pulmonary artery (mm) 22.3 ± 3.5 22.5 ± 3.0 23.3 ± 2.7*ѱ 0.010
Thickness of the posterior wall of the left ventricle (mm) 10.7 ± 2.2 10.5 ± 1.5 10.6 ± 1.2 0.785

E peak 81.6 ± 44.4 90.2 ± 36.2 110.1 ± 29.6*ѱ <0.001
EDT 177.3 ± 49.6 190.1 ± 53.6† 177.1 ± 48.7 0.038
E/e′ 8.0 ± 3.1ѱ† 12.1 ± 6.6 12.9 ± 4.4 0.001
LVEF (n, %) 55.8 ± 2.7ѱ 56.9 ± 2.8 56.6 ± 2.5 0.035

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BNP, B-type natriuretic pep-
tide; CCB, calcium channel blockers; Cr, creatinine; EDT, E peak deceleration time; E/e′, mitral Doppler early velocity/mitral annular early
velocity; Glu, glucose; HDL-C, high-density lipoprotein cholesterol; hs-TNI, high-sensitivity troponin; LDL-C, low-density lipoprotein choles-
terol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary
intervention; TC, cholesterol; TG, triglyceride; UA, uric acid.
*In the measurement data compared with 0–1 group P < 0.05.
ѱIn the measurement data compared with 2–5 group P < 0.05.
†In the measurement data compared with 6–9 group P < 0.05.
*In the counting data compared with 0–1 group P < 0.017.
ѱIn the counting data compared with 2–5 group P < 0.017.
†In the counting data compared with 6–9 group P < 0.017.
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left atrial meridian, pulmonary artery diameter, E peak and
early diastolic velocity (E/e′) compared with the remaining
two groups; peak deceleration time (EDT) was significant
shorter in the high score group than in the intermediate score
group.

Adverse events on follow-up

Over a mean follow-up of 27.5 ± 11.3 months, 63 patients
died (13.2%) and 311 (65.3%) were rehospitalized. The mor-
tality rates were 3 (6.4%), 29 (11.1%), and 31 (18.6%), and
the number of patients with rehospitalization was 28
(59.6%), 159 (60.7%), and 124 (74.3%) for the low, intermedi-
ate, and high score groups, respectively. The mortality rate of
the three groups significantly differed at 24 and 36 months
following discharge (Figure 2), whereas for rehospitalization,
a significant difference was observed 24 months but not
36 months after discharge (Figure 3).

Multivariate Cox regression showed that diabetes (HR: 4.2,
95% CI: 2.03–8.6, P < 0.0001), BNP (HR: 1.001, 95% CI:
1.000–1.001, P < 0.0001), H2FPEF score (HR: 1.5, 95% CI:

1.23–1.723, P < 0.0001), and BMI (HR: 0.87, 95% CI: 0.81–
0.95, P = 0.001) were significant predictors of all-cause mor-
tality (Table 2). Compared with the low score group, the high
score group showed a significantly higher risk of all-cause
mortality (HR: 6.35, 95% CI: 1.48–27.22, P = 0.013), but the
intermediate group did not (HR: 2.36, 95% CI: 0.55–10.15,
P = 0.247). Furthermore, multivariate Cox regression demon-
strated that angina (HR: 2.47, 95% CI: 1.74–3.51, P < 0.0001)
and H2FPEF score (HR: 1.15, 95% CI: 1.08–1.22, P < 0.0001)
were significant predictors of rehospitalizations (Table 3). As
with all-cause mortality, compared with low score group,
the high score group showed a significantly higher risk of re-
hospitalization (HR: 2.06, 95% CI: 1.35–3.14, P = 0.001), but
the intermediate group did not (HR: 1.42, 95% CI: 0.95–
2.12, P = 0.092).

Receiver operating characteristics analysis was used to
evaluate the availability of H2FPEF score to predict all-cause
mortality and rehospitalization in HFpEF patients (Figure 4).
The areas under the curve (AUC) of the H2FPEF score for
the prediction of adverse outcomes were 0.67 (95% CI:
0.60–0.73, P < 0.0001) and 0.59 (95% CI: 0.54–0.65,
P = 0.001) after adjusting for age and NYHA class,

Figure 2 Mortality between the three groups at 12, 24, 36, and more than 36 months.

Figure 3 Rehospitalization between the three groups at 12, 24, 36 and more than 36 months.
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respectively. The sensitivity and specificity of H2FPEF score at
the cut-off of 5.5 were 68.3% and 55.4% and 50.5% and
66.7%, respectively.

Discussion

The main findings of this study are as follows: (i) H2FPEF score
was not only a convenient diagnostic tool for HFpEF but can

also effectively predict prognosis in HFpEF. (ii) H2FPEF score
was an independent predictor of all-cause mortality and re-
hospitalization on multivariate Cox regression. (iii) A higher
H2FPEF score was significantly associated with worse out-
comes in HFpEF patients. (iv) The optimum cut-off values of
H2FPEF were 5.5 for both all-cause mortality and
rehospitalization.

Indeed, HF is often complicated by various co-morbidities
that adversely affect prognosis.9–13 Therefore, targeting
co-morbidities has been increasingly advocated as being

Table 2 Cox regression for all-cause mortality in HFpEF patients

Univariate analysis Multivariate analysis

RR 95% CI P-value RR 95% CI P-value

Age 1.074 1.031–1.119 0.001 1.049 0.997–1.104 0.064
BMI 0.909 0.852–0.970 0.004 0.874 0.808–0.946 0.001
NYHA class 0.010 0.512
III/II 3.128 1.111–8.804 0.031 2.036 0.604–6.862 0.251
IV/II 6.290 2.178–18.167 0.00 2.029 0.548–7.512 0.289

PCI 2.236 1.184–4.233 0.013 1.768 0.786–3.973 0.168
Diabetes 2.233 1.321–3.775 0.003 4.188 2.028–8.648 0.000
Atrial fibrillation/flutter 1.881 1.124–3.150 0.016 0.594 0.175–2.011 0.402
PH 3.434 2.069–5.698 0.000 0.969 0.439–2.141 0.938
LA 1.079 1.043–1.117 0.000 1.029 0.982–1.078 0.228
EF 1.024 0.936–1.120 0.602 0.962 0.868–1.066 0.458
BNP 1.000 1.000–1.001 0.000 1.001 1.000–1.001 0.000
hs-TNI 0.987 0.921–1.057 0.704 0.985 0.742–1.235 0.739
Cre 1.002 1.001–1.004 0.010 1.002 0.999–1.005 0.131
Na 0.947 0.962–0.985 0.000 0.996 0.980–1.011 0.581
Diuretic 2.106 1.178–3.776 0.012 1.069 0.503–2.271 0.862
H2FPEF score 1.224 1.087–1.377 0.010 1.457 1.228–1.729 0.000
Groups 0.003 0.000
Intermediate versus low 2.535 0.771–8.334 0.125 2.364 0.551–10.147 0.247
High versus low 5.140 1.560–16.941 0.007 6.351 1.482–27.221 0.013

BMI, body mass index; BNP, B-type natriuretic peptide; Cre, creatinine; EF, ejection fraction; hs-TNI, high-sensitivity troponin; LA, left atrial
diameter; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PH, pulmonary hypertension.

Table 3 Cox regression for rehospitalization in HFpEF patients

Univariate analysis Multivariate analysis

RR 95% CI P-value RR 95% CI P-value

Ages 1.025 1.010–1.041 0.010 1.007 0.989–1.025 0.443
NYHA class 0.027 0.080
III/II 1.211 0.895–1.639 0.215 0.950 0.680–1.325 0.761
IV/II 1.588 1.122–2.247 0.009 1.340 0.913–1.968 0.135

Angina 2.824 2.084–3.828 0.000 2.467 1.736–3.506 0.000
Atrial fibrillation/flutter 1.530 1.220–1.918 0.000 1.014 0.657–1.564 0.950
PH 1.908 1.491–2.441 0.000 1.262 0.937–1.701 0.126
LA 1.022 1.005–1.040 0.014 0.997 0.975–1.019 0.768
EF 1.017 0.977–1.059 0.409 1.003 0.958–1.050 0.910
BNP 1.000 1.000–1.000 0.266 1.000 1.000–1.000 0.987
hs-TNI 1.001 0.994–1.008 0.763 1.003 0.997–1.010 0.282
Diuretic 1.485 1.169–1.887 0.001 1.135 0.852–1.512 0.387
ACEI 1.287 1.004–1.648 0.046 1.162 0.879–1.536 0.292
β-Blockers 1.434 1.113–1.847 0.005 1.259 0.943–1.680 0.118
H2FPEF score 1.224 1.087–1.377 0.010 1.148 1.078–1.223 0.000
Groups 0.000 0.001
Intermediate versus low 1.586 1.061–2.372 0.025 1.416 0.945–2.123 0.092
High versus low 2.513 1.659–3.804 0.000 2.056 1.346–3.142 0.001

ACEI, angiotensin-converting enzyme inhibitor; BNP, B-type natriuretic peptide; EF, ejection fraction; hs-TNI, high-sensitivity troponin; LA,
left atrial diameter; NYHA, New York Heart Association; PH, pulmonary hypertension.
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relevant to HF care.14 According to the ESC Heart Failure
Pilot Survey, 74% of patients with HF had at least one
co-morbidity, and HF patients commonly have multiple co-
morbidities.15 In this study, HFpEF patients also had a high
burden of co-morbidities (hypertension [79%], diabetes
[49%], MI [23.5%], and AF/atrial flutter [52%]). Surprisingly,
these co-morbidities showed no significant association
with endpoints after adjustment except for diabetes. With
the H2FPEF score, the presence of persistent or paroxysmal
AF is assigned 3 points, whereas other variables are 1 or 2
points, indicating that AF stands out as the most important
predictor of HFpEF. Because HFpEF and AF share common ep-
idemiology, pathophysiology, pathogenesis, and risk factors,16

the two diseases commonly coexist17; AF increases the risk of
stroke, hospitalization for HF, and mortality.18 The incidence
of AF in HFpEF patients enrolled in this study on follow-up
was 52%, with a statistically higher incidence in the high
score group compared with the low and intermediate score
groups. However, AF was not positively correlated with
any-cause mortality and rehospitalization after adjustment.
This may be due to the small sample size and relatively short
follow-up period, and thus, we cannot rule out a correlation
between AF and endpoints in HFpEF patients.

Two studies have previously examined the relationship be-
tween H2FPEF score and adverse outcomes. According to Tao
et al., the H2FPEF score had excellent predictive value for
1-year rehospitalization of patients with HFpEF.19 Our study
also revealed the relationship between H2FPEF score and re-
hospitalization; however, the differences among the three
groups appeared until 24 months after discharge. This dis-
crepancy between the two studies may be attributed to dif-
ferent baseline characteristics of the cohort of the previous

study, namely, older age, fewer females, a higher frequency
of hypertension and AF, and worse cardiac function. These
characteristics would predispose to the patients to higher
rates of HF-related hospitalizations. As to the reason why
there were no statistical differences in rehospitalization at
the last episode of the follow-up, this is likely attributable
to death as a competing event to rehospitalization. In Sueta
et al., patients with higher H2FPEF score had significantly
higher probability of adverse cardiovascular events and
HF-related events.20 Our study also identified the H2FPEF
score as an independent predictor of all-cause mortality and
rehospitalization and demonstrated significantly higher
incidence of the main endpoint among subjects with a higher
H2FPEF score.

The results of the PARAGON-HF trial were presented dur-
ing the ESC Congress 2019,21 bringing cardiologists face to
face with the reality that there was no available convincing
evidence-proven strategy that delivers definitive benefits for
HFpEF patients. One way to resolve this might be returning
to an aetiology-oriented treatment approach and abandoning
the one-size-fits-all way of thinking. Recently, Ge et al. intro-
duced a clinical phenotypic classification of HFpEF,22 which
included the following: (i) vascular-related HFpEF; (ii)
cardiomyopathy-related HFpEF; (iii) right heart- and pulmo-
nary-related HFpEF; (iv) valvular- and rhythm-related HFpEF;
and (v) extracardiac disease-related HFpEF. This phenotypic
coding helps introduce a better understanding of the risk fac-
tors, aetiology, pathophysiology, and clinical course of HFpEF
and contributes to guiding targeted treatment, as is the case
for HFrEF.23 In the near future, treatment targeted to
aetiology and co-morbidities may be the best choice in treat-
ment of HFpEF patients.

Figure 4 Receiver operating characteristic (ROC) curves for H2FPEF scores to predict all-cause mortality and rehospitalization in HFpEF patients. (A)
All-cause mortality after adjustment of age and NYHA class. (B) Rehospitalization after adjustment of age and NYHA class.
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Limitations of this study

Nevertheless, we must note that this study has several limita-
tions. Firstly, this was a retrospective study, which inevitably
resulted in selection bias and recall bias. Secondly, this was
a single-centre study with relatively few subjects; therefore,
a larger multicentre clinical study is needed. Thirdly, it was
still unclear as to which factors contribute, and the extent
of their contribution, to prognosis in HFpEF patients. In this
regard, preclinical animal experiments will contribute to our
understanding regarding the pathophysiological mechanisms
of HFpEF. Finally, data on LA strain, 3D echocardiography,
and invasive catheterization were only available in a small
number of patients and could not be explored as potential
prognostic factors. These should be evaluated prospectively
for the HFpEF population in the future.

Conclusions

The H2FPEF score can be used to predict prognosis in HFpEF
patients. Higher scores are associated with higher all-cause
mortality and rehospitalization.

Acknowledgement

None.

Conflict of interest

None declared.

Funding

None.

Author contributions

Yuxi Sun was responsible for collecting clinical data and writ-
ing the paper. Niuniu Wang assisted Sun in collecting data
and conducting telephone follow-up. Xiao Li helped Niuniu
Wang with the follow-up, Yanli Zhang and Jie Yang were re-
sponsible for the statistical analysis, and Ying Liu and Gary
Tse were responsible for revising the paper and determining
the research direction. All authors were involved in the
drafting or revision of the manuscript.

References

1. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzalez-Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, Group ESCSD. 2016 ESC guidelines
for the diagnosis and treatment of acute
and chronic heart failure: the task force
for the diagnosis and treatment of acute
and chronic heart failure of the European
Society of Cardiology (ESC) developed
with the special contribution of theHeart
Failure Association (HFA) of the ESC. Eur
Heart J 2016; 37: 2129–2200.

2. Owan TE, Redfield MM. Epidemiology
of diastolic heart failure. Prog Cardiovasc
Dis 2005; 47: 320–332.

3. Lam CSP, Voors AA, de Boer RA,
Solomon SD, van Veldhuisen DJ. Heart
failure with preserved ejection fraction:
from mechanisms to therapies. Eur
Heart J 2018; 39: 2780–2792.

4. Lakhani I, Leung KSK, Tse G, Lee APW.
Novel mechanisms in heart failure with
preserved, midrange, and reduced ejec-
tion fraction. Front Physiol 2019; 10: 874.

5. Ergatoudes C, Schaufelberger M,
Andersson B, Pivodic A, Dahlstrom U,

Fu M. Non-cardiac comorbidities and
mortality in patients with heart failure
with reduced vs. preserved ejection frac-
tion: a study using the Swedish Heart
Failure Registry. Clin Res Cardiol 2019;
108: 1025–1033.

6. Yancy CW, Jessup M, Bozkurt B, Butler
J, Casey DE Jr, Drazner MH, Fonarow
GC, Geraci SA, Horwich T, Januzzi JL,
Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray JJ,
Mitchell JE, Peterson PN, Riegel B, Sam
F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL. 2013 ACCF/AHA guideline
for the management of heart failure:
executive summary: a report of the
American College of Cardiology Founda-
tion/American Heart Association Task
Force on practice guidelines. Circulation
2013; 128: 1810–1852.

7. Shah KS, Xu H, Matsouaka RA, Bhatt DL,
Heidenreich PA, Hernandez AF, Devore
AD, Yancy CW, Fonarow GC. Heart fail-
ure with preserved, borderline, and re-
duced ejection fraction: 5-year
outcomes. J Am Coll Cardiol 2017; 70:
2476–2486.

8. Reddy YNV, Carter RE, Obokata M,
Redfield MM, Borlaug BA. A simple,
evidence-based approach to help guide

diagnosis of heart failure with preserved
ejection fraction. Circulation 2018; 138:
861–870.

9. Mentz RJ, Felker GM. Noncardiac co-
morbidities and acute heart failure pa-
tients. Heart Fail Clin 2013; 9: 359–367.

10. van Deursen VM, Damman K, van der
Meer P, Wijkstra PJ, Luijckx GJ,
van Beek A, van Veldhuisen DJ, Voors
AA. Co-morbidities in heart failure.
Heart Fail Rev 2014; 19: 163–172.

11. Zhang Y, Yuan M, Gong M, Li G, Liu T,
Tse G. Associations between prefrailty
or frailty components and clinical out-
comes in heart failure: a follow-up
meta-analysis. J Am Med Dir Assoc
2019; 20: 509–510.

12. Zhang Y, Yuan M, Gong M, Tse G, Li G,
LT. Frailty and clinical outcomes in heart
failure: a systematic review and meta-
analysis. J Am Med Dir Assoc 2018; 19:
1003–1008.

13. Pandey A, Kitzman D, Reeves G, Frailty
I. Intertwined with heart failure: mecha-
nisms, prevalence, prognosis, assess-
ment, and management. JACC Heart
Fail 2019; 7: 1001–1011.

14. Bazoukis G, Stavrakis S, Zhou J,
Bollepalli SC, Tse G, Zhang Q, Singh JP,
Armoundas AA. Machine learning versus

Predictive value of H2FPEF score in HFpEF patients 1251

ESC Heart Failure 2021; 8: 1244–1252
DOI: 10.1002/ehf2.13187



conventional clinical methods in guiding
management of heart failure patients-a
systematic review. Heart Fail Rev Online
ahead of print.

15. van Deursen VM, Urso R, Laroche C,
Damman K, Dahlstrom U, Tavazzi L,
Maggioni AP, Voors AA. Co-morbidities
in patients with heart failure: an analy-
sis of the European Heart Failure Pilot
Survey. Eur J Heart Fail 2014; 16:
103–111.

16. Kotecha D, Lam CS, Van Veldhuisen DJ,
Van Gelder IC, Voors AA, Rienstra M.
Heart failure with preserved ejection
fraction and atrial fibrillation: vicious
twins. J Am Coll Cardiol 2016; 68:
2217–2228.

17. Santhanakrishnan R, Wang N, Larson
MG, Magnani JW, McManus DD, Lubitz
SA, Ellinor PT, Cheng S, Vasan RS, Lee
DS, Wang TJ, Levy D, Benjamin EJ, Ho
JE. Atrial fibrillation begets heart failure
and vice versa: temporal associations
and differences in preserved versus re-
duced ejection fraction. Circulation
2016; 133: 484–492.

18. Kirchhof P, Benussi S, Kotecha D,
Ahlsson A, Atar D, Casadei B, Castella

M, Diener HC, Heidbuchel H, Hendriks
J, Hindricks G, Manolis AS, Oldgren J,
Popescu BA, Schotten U, van Putte B,
Vardas P, Agewall S, Camm J, Baron
Esquivias G, Budts W, Carerj S,
Casselman F, Coca A, de Caterina R,
Deftereos S, Dobrev D, Ferro JM,
Filippatos G, Fitzsimons D, Gorenek B,
Guenoun M, Hohnloser SH, Kolh P, Lip
GY, Manolis A, McMurray J, Ponikowski
P, Rosenhek R, Ruschitzka F, Savelieva
I, Sharma S, Suwalski P, Tamargo JL,
Taylor CJ, van Gelder IC, Voors AA,
Windecker S, Zamorano JL, Zeppenfeld
K. 2016 ESC Guidelines for the manage-
ment of atrial fibrillation developed in
collaboration with EACTS. Europace
2016; 18: 1609–1678.

19. Tao Y, Wang W, Zhu J, You T, Li Y, Zhou
X. H2FPEF score predicts 1-year
rehospitalisation of patients with heart
failure with preserved ejection fraction.
Postgrad Med J Online ahead of print.

20. Sueta D, Yamamoto E, Nishihara T,
Tokitsu T, Fujisue K, Oike F, Takae M,
Usuku H, Takashio S, Arima Y, Suzuki
S, Nakamura T, Ito M, Kanazawa H,
Sakamoto K, Kaikita K, Tsujita K.

H2FPEF score as a prognostic value in
HFpEF patients. Am J Hypertens 2019;
32: 1082–1090.

21. Mc Causland FR, Lefkowitz MP, Claggett
B, Anavekar NS, Senni M, Gori M, Jhund
PS, McGrath MM, Packer M, Shi V, van
Veldhuisen DJ, Zannad F, Comin-Colet
J, Pfeffer MA, McMurray JJV, Solomon
SD. Angiotensin-neprilysin inhibition
and renal outcomes in heart failure with
preserved ejection fraction. Circulation
2020; 142: 1236–1245.

22. Ge J. Coding proposal on phenotyping
heart failure with preserved ejection
fraction: a practical tool for facilitating
etiology-oriented therapy. Cardiol J
2020; 27: 97–98.

23. Tse G, Zhou J, Woo SWD, Ko CH, Lai
RWC, Liu T, Liu Y, Leung KSK, Li A, Lee
S, Li KHC, Lakhani I, Zhang Q. Multi-
modality machine learning approach
for risk stratification in heart failure
with left ventricular ejection fraction
</= 45. ESC Heart Fail Online ahead
of print.

1252 Y. Sun et al.

ESC Heart Failure 2021; 8: 1244–1252
DOI: 10.1002/ehf2.13187



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


