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Abstract

Aims Heart failure with preserved ejection fraction (HFpEF) is one of the major diagnoses in dyspnoeic subjects, and H2FPEF
score enables robust differentiation of HFpEF. Given ventilatory abnormalities prevail in subjects with HFpEF, the associations
between H2FPEF score and pulmonary function remain to be elucidated.
Methods and results Subjects who presented with exertional dyspnoea and had left ventricular ejection fraction of >50%
were eligible for this study. Total lung capacity, forced expiratory volume in the 1 s, and forced vital capacity (FVC) were ob-
tained by pulmonary function tests. Pulmonary artery systolic pressure (PASP), the ratio of early ventricular filling flow velocity
to the septal mitral annulus tissue velocity (E/e’), and left ventricular mass (LVM) were measured by echocardiogram. Among a
total of 5849 participants (65.6 ± 6.4 years, 54% men), 2453 (41.9%) had low H2FPEF score (0 ~ 1) and 160 (2.7%) had high
H2FPEF score,6~9 respectively. Subjects with high H2FPEF score were older and had higher proportion of restrictive and ob-
structive defect, more morbidities, poorer renal function, lower haemoglobin, higher LVM, E/e’ ratio, and PASP. During a mean
follow-up duration of 30.0 ± 20.5 months, the H2FPEF score was significantly associated with mortality [hazard ratio and 95%
confidence intervals, 1.063(1.010–1.18)], independent of sex, haemoglobin, renal function, LVM, and comorbidities.
Conclusions Either obstructive or restrictive ventilation defects prevail in subjects with high H2FPEF score, indicating chronic
obstructive pulmonary disease (COPD) is commonly associated with HFpEF. In addition, H2FPEF score was correlated with
long-term survival in dyspnoeic subjects with or without concomitant diseases of HFpEF and COPD.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) has
accounted for approximately 50% of heart failure (HF) hospi-
talizations worldwide, and it was also related to an increased
risk of mortality.1–4 Nevertheless, the accurate diagnosis of
HFpEF was even more challenged in the absence of conges-
tive symptoms and signs.5,6 Invasive hemodynamic measures
with or without exercise tests would be helpful to identify

elevated left ventricular end-diastolic pressure in patients
with unexplained dyspnoea.7,8 However, the routine applica-
tion of right heart catheterization for the diagnosis of HFpEF
seems to be unpractical.8,9 Recently, Reddy et al. developed
H2FPEF score to discriminate HFpEF from non-cardiac causes
of dyspnoea, while HFpEF was recognized by elevated pulmo-
nary arterial wedge pressure (PAWP) at rest or during
exercise.7 H2FPEF score was composed of clinical characteris-
tics and echocardiography, including age, body mass index,
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hypertension, atrial fibrillation, pulmonary hypertension, and
elevated left ventricular filling pressure, to propose the likeli-
hood of HFpEF.

But an elevated PAWP is not specific exclusively for HFpEF,
patients with chronic obstructive pulmonary disease (COPD)
may also have presented with left ventricular diastolic dys-
function and raised left ventricular end-diastolic pressure in
the previous studies.10–12 COPD is a common cause of dys-
pnoea, and it is highly prevalent in patients with HFpEF.13,14

Because Reddy et al. have excluded subjects with significant
lung diseases, we wondered whether H2FPEF score can be
generalized to the patients firstly presented with dyspnoea
on exertion. In this study, we therefore investigated the asso-
ciations of H2FPEF score with clinical characteristics, echocar-
diographic indices, and pulmonary function in an Asian
population. We further evaluated the prognostic impacts of
H2FPEF score in dyspnoeic subjects.

Methods

Study population

The study population was drawn from an administrative reg-
istry to INvestigate Heart And Lung intERaction (INHALER reg-
istry). The registry was composed of 8963 ambulatory
outpatients, who complained of exertional dyspnoea from
August 2005 to December 2012. All of them have received
both pulmonary function tests and echocardiographic stud-
ies. Patients with left ventricular ejection fraction of <50%,
significant valvular heart disease, severe hepatic disease,
haematopoietic diseases, or active malignancy, were ex-
cluded from this analysis. (Figure S1) The investigation was
conformed to the principles outlined in the Declaration of
Helsinki. The institutional review committee of Taipei Vet-
erans General Hospital approved the registry data to be used
for study purposes.

Data of demographic characteristics, electrocardiogram,
laboratory data, echocardiography, and medications were
prospectively inputted in a web-based medical recording sys-
tem. Estimated glomerular filtration (eGFR) rate was calcu-
lated using the Chinese Modification of Diet in Renal
Disease equation.15 Body mass index was universally
expressed in kg/m2.

Left ventricular end-diastolic dimension, end-systolic di-
mension, left ventricular end-diastolic volume, left ventricular
mass (LVM), left atrial (LA) dimension, and left ventricular
ejection fraction were obtained.16 E/A ratio represented the
ratio of left ventricular early (E) to late (A) filling flow velocity.
E/e’ was the ratio of early ventricular filling flow velocity (E)
to the septal mitral annulus tissue velocity (e’). Pulmonary ar-
tery systolic pressure (PASP) was also estimated. Left ventric-
ular diastolic dysfunction was defined if ≥3 of the following

measures were fitted1: septal e’ velocity < 7 cm/s,2 septal
E/e’ ratio > 15,3 PASP > 35 mmHg, and4 LA dimension
>40 mm.

Pulmonary function test was performed standardly by
body plethysmograph (MasterScreen Body Plethysmograph,
Erich Jaeger GmbH, Würzburg, Germany) and spirometry
(CPFS/D USB, Medical Graphics, St Paul, Minnesota, USA). Ac-
cording to the statement of American Thoracic Society stan-
dards, residual volume, total lung capacity (TLC), forced
expiratory volume in 1 s (FEV1) and forced vital capacity
(FVC) were presented as the percentage of their predicted
values. The obstructive and restrictive ventilation defects
were defined as the ratio of FEV1 to FVC below 70% and
the predicted %TLC below 80%, respectively.17 COPD was di-
agnosed by the clinical physicians and a pre-bronchodilator
FEV1/FVC ratio of <0.7. Subjects who were diagnosed as
asthma or had received monotherapy with inhaled corticoste-
roid were excluded.

H2FPEF score was determined by six variables, including, 3
points for atrial fibrillation, 2 points for obesity, and 1 point
for each of the follows: two or more hypertensive drugs, pul-
monary hypertension (PASP > 35 mmHg), elder (age > 60),
and elevated filling pressures (E/e’ ratio > 9).7

Follow-up

We would identify the causes and dates of death of the study
population by linking to the National Death Registry.18 The
study population was followed for up to 60 months.

Statistical analysis

Continuous and categorical variables were presented as
mean ± standard deviation and the absolute numbers and rel-
ative frequencies, respectively. The differences between
groups were compared by Chi-square tests and Student’s t-
test as appropriate. Cox proportional hazards models were
used to evaluate the independence of H2FPEF in the predic-
tion of mortality with adjustments for sex, haemoglobin,
eGFR, and comorbidities. All the statistics were performed
using SPSS v.22.0 software (SPSS, Inc., Chicago, IL, USA). All
the tests performed were two-sided and a P value of <0.05
was considered statistically significant.

Results

The study population was composed of 5849 patients (age
65.6 ± 16.4 years, 54% men, and mean H2FPEF score
2.04 ± 1.50), presented with dyspnoea on exertion to the out-
patient clinics. The baseline characteristics were presented in
Table 1, stratified by H2FPEF score. In short, patients with
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high H2FPEF score (n = 160, 2.7%) were older, more likely to
be men, and have COPD, diabetes, hypertension, and atrial fi-
brillation. Haemoglobin and eGFR decreased along with the
order of low, intermediate, and high H2FPEF score. In con-
trast, LVM, septal E/e’, LA dimension, left ventricular internal
diameter in diastole, left ventricular internal dimension in sys-
tole, and PASP increased along with the increase of H2FPEF
score. Regarding the pulmonary function indices, predicted
%TLC, predicted %FEV1, predicted %FVC, and FEV1/FVC ratio
declined and residual volume/TLC ratio increased in subjects
with higher H2FPEF score.

Pulmonary function and H2FPEF score

On one hand, the prevalence of obstructive ventilation
defect19 was 12.8%, 26%, and 36.9% in subjects with low, in-
termediate, and high H2FPEF score. (Figure 1) On the other
hand, restrictive ventilation defects were presented in

17.7%, 26.4%, and 38.1% of the patients with low, intermedi-
ate, and high H2FPEF score, respectively. (Figure 1) H2FPEF
score was positively related to the prevalence of pulmonary
function abnormalities.

Among the subpopulation without COPD, 44.2% of them
had low H2FPEF score of 0 or 1. (Figure 2) In contrast, only
22.9% of the subpopulation with COPD had low H2FPEF score.
H2FPEF score was significantly higher in subjects with COPD
than those without (2.57 ± 1.44 vs, 1.91 ± 1.45, P < 0.001).
(Figure 2).

Prognostic impacts of H2FPEF score

During a mean follow-up duration of 30.0 ± 20.5 months,
there were 897 deaths and 230 cardiovascular mortalities.
The long-term survival probabilities were 88.5%, 82.3%, and
75.0% of patients with low, intermediate, and high H2FPEF
score, respectively. The Kaplan–Meier survival curve analysis

Table 1 Baseline characteristics of the study population

Characteristic HF2PEF score 0 ~1
(n = 2453)

HF2PEF score 2–5
(n = 3236)

HF2PEF score 6–9
(n = 160)

P value

Age (years) 55.0 ± 16.4 72.7 ± 11.4 79.7 ± 7.05 <0.001
Male gender, n (%) 1,189 (48.6) 1869 (58.1) 109 (68.1) <0.001
Body mass index 23.4 ± 3.3 26.3 ± 14.0 32.6 ± 26.9 <0.001
Co-morbidity, n (%)

COPD 148 (6.0) 456 (14.1) 41 (25.6) <0.001
Diabetes mellitus 285 (11.6) 835 (25.9) 66 (41.3) <0.001
Coronary artery disease 881 (35.9) 1,433 (44.3) 68 (42.5) <0.001
Hypertension 618 (25.2) 1840 (56.9) 129 (80.6) <0.001
Atrial fibrillation 0 (0) 198 (6.1) 138 (86.3) <0.001

Echocardiography
LV diastolic dysfunction, n (%) 1 (0.0) 255 (7.8) 47 (29.3) <0.001
LVEF (%) 71.5 ± 8.7 71.5 ± 9.5 69.9 ± 9.2 0.097
LVM (g) 159.3 ± 67.6 191.3 ± 70.1 203.3 ± 64.7 <0.001
Septal E/e’ 8.5 ± 3.0 13.6 ± 5.6 15.6 ± 6.1 <0.001
Mitral E/A ratio 1.10 ± 0.48 0.89 ± 0.43 1.08 ± 0.69 <0.001
LA diameter (mm) 35.5 ± 7.3 41.2 ± 8.7 49.2 ± 9.6 <0.001
LVIDd (mm) 47.1 ± 12.6 48.3 ± 7.5 48.5 ± 7.1 <0.001
LVIDs (mm) 27.5 ± 5.6 28.3 ± 6.5 29.0 ± 6.0 <0.001
PASP (mmHg) 28.6 ± 11.9 39.4 ± 16.4 49.9 ± 16.0 <0.001

Hemogram and Biochemistry, on admission
Haemoglobin (g/dL) 12.7 ± 2.1 12.0 ± 2.1 11.7 ± 2.0 <0.001
eGFR (mL/min/1.73m2) 87.1 ± 28.5 71.4 ± 30.8 57.4 ± 29.0 <0.001
Sodium (mEq/L) 139.2 ± 3.3 139.0 ± 3.6 139.2 ± 4.0 0.138
Potassium (mEq/L) 4.08 ± 0.68 4.12 ± 0.56 4.07 ± 0.64 0.788

Pulmonary function test
Predicted RV% 106.9 ± 33.6 104.8 ± 33.9 102.9 ± 30.7 0.109
Predicted TLC% 92.5 ± 17.2 88.9 ± 22.4 83.6 ± 16.0 <0.001
Predicted VC% 85.5 ± 19.7 78.1 ± 20.4 69.6 ± 20.5 <0.001
RV/TLC ratio, % 38.5 ± 10.9 46.2 ± 11.1 50.9 ± 11.6 <0.001
FEF 25% to 75%, (L/s) 2.35 ± 1.20 1.50 ± 0.90 1.21 ± 0.79 <0.001
Predicted FEV1% 86.7 ± 22.0 78.6 ± 24.2 70.5 ± 24.3 <0.001
Predicted FVC% 85.2 ± 20.0 75.8 ± 21.6 66.8 ± 21.1 <0.001
FEV1/FVC ratio, % 80.1 ± 10.8 75.7 ± 12.0 73.8 ± 13.2 <0.001

COPD, chronic obstructive pulmonary disease; E/A ratio, ratio of the early (E) to late (A) ventricular filling velocities; E/E’, ratio of early ven-
tricular filling velocity (E) to early diastolic tissue velocity mitral annulus; eGFR, estimated glomerular filtration; FEF 25% to 75%, forced
expiratory flow at 25%–75% of the pulmonary volume; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LA, left atrium;
LV, left ventricle; LVEDD, left ventricular end-diastolic dimension; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejec-
tion fraction; LV mass, left ventricular mass; PASP, pulmonary artery systolic pressure; RV, residual volume; TLC, total lung capacity; VC,
vital capacity
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demonstrated significantly survival discrepancies among the
three groups. (Figure 3).

Among the study population, H2FPEF score, male gender,
LVM, haemoglobin, eGFR, the presence of COPD, and diabe-
tes were all related to long-term survival in univariate Cox re-
gression analysis. (Table 2) The multivariate Cox regression
analysis suggested H2FPEF score was associated with mortal-
ity [Hazard ratios and 95% confidence interval: 1.063 (1.010–
1.118)], independently of gender, haemoglobin, LVM, eGFR,
COPD, and diabetes. (Table 2).

Discussion

While H2FPEF score may have provided the probability of
HFpEF in dyspnoeic patients,7 ventilatory abnormalities also
prevail in subjects with high H2FPEF score. The present study
demonstrated patients with high H2FPEF score were more
likely to have either obstructive or restrictive ventilation de-
fects. The results may support to survey pulmonary function
in dyspnoeic patients with high H2FPEF score, in addition to

Figure 1 The distributions of the pulmonary function abnormalities, stratified by H2FPEF score of 0–1, 2–5, and 6–9. The obstructive and restrictive
ventilation defects were defined as forced expiratory volume in 1 s/forced vital capacity of <0.7 and the predicted %TLC of <80%, respectively.

Figure 2 The distributions of H2FPEF score in subjects with or without chronic obstructive pulmonary disease (COPD).
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the evaluation of HFpEF. Furthermore, the study may firstly
show the long-term prognostic values of H2FPEF score in
dyspnoeic subjects, regardless of patients with or
without COPD.

The associations between heart failure with
preserved ejection fraction and abnormalities of
ventilation function

While lung function abnormalities were prevalent in patients
with HFpEF,20 Obokata and Ries et al. have further demon-
strated the reduced ventilation reserve and significant restric-
tive change along with the increase of PAWP and pulmonary
artery pressures in patients undergoing cardiac cathe1-
terization.21,22 In contrast, the obstructive change of ventila-
tion related to submucosal oedema in decompensated HF
was also anticipated.23

In the present study, subjects with high H2FPEF score were
more likely to have restrictive and/or obstructive ventilatory
defects. The predicted TLC, FEF25–75 and FEV1/FVC de-
creased along with the increase of H2FPEF score. Given
H2FPEF score may indicate the probability and severity of
HFpEF, the study results would support the ventilatory abnor-
malities prevails in patients with HFpEF.

The identification and treatment of concomitant
heart failure and chronic obstructive pulmonary
disease

Chronic obstructive pulmonary disease is prevalent in pa-
tients with HFpEF, and it is associated with adverse clinical
outcomes and poor quality of life.24,25 The efficacy and safety
of cardioactive inhaled pulmonary drugs is controversial in
treating HF patients with or without lung comorbidities.5,26–
28 Therefore, it is critical to identify the subjects with

Figure 3 The Kaplan–Meier survival curve analysis of the study population, stratified by H2FPEF score of 0–1, 2–5, and 6–9.

Table 2 Predictors of 5-year mortality identified by univariable and multivariable Cox regression analysis

Characteristic Univariable Multivariable

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

H2FPEF score 1.126 (1.178–1.276) <0.001 1.063 (1.010–1.118) 0.019
Sex (male) 1.527 (1.332–1.752) <0.001 1.341 (1.142–1.575) <0.001
Presence of COPD 1.502 (1.248–1.807) <0.001 1.343 (1.083–1.666) 0.007
Presence of diabetes 1.401 (1.204–1.629) <0.001 1.017 (1.142–1.575) 0.849
LVM (g) 1.003 (1.002–1.004) <0.001 0.999 (0.998–1.001) 0.120
Haemoglobin (g/dL) 0.803 (0.778–0.829) <0.001 0.846 (0.817–0.877) <0.001
eGFR (mL/min/1.73 m2) 0.988 (0.986–0.990) <0.001 0.994 (0.991–0.996) <0.001

CI, confidence interval; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; LVM, left ventricular
mass.
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concomitant HF and COPD. In our study, up to 14.1% and
25.6% of the patients with intermediate and high H2FPEF
score had documented COPD by spirometry, respectively.
The comprehensive echocardiography and pulmonary func-
tion tests would be helpful to demonstrate cardiac or pulmo-
nary abnormalities objectively, especially when it was
challenging to differentiate a cardiac disease from pulmonary
disease and vice versa by clinical findings.29

About 70.7% and 53.3% of patients with and without COPD
had a H2FPEF score of 2 to 5, respectively, indicating that the
majority of the study population warrants further survey for
HFpEF. However, only 2.3% to 6.4% of the dyspnoeic pa-
tients, regardless of COPD had high H2FPEF score. While
HFpEF was highly suspected, subjects should therefore un-
dergo right heart catheterization for confirmation.

Prognostics impacts of H2FPEF score

The long-term outcomes of HFpEF remain dismal, while the
mortality rate and HF hospitalization of HFpEF are as high
as those with reduced left ventricular ejection fraction.30,31

Although H2FPEF score was designed to evaluate the prob-
ability of HFpEF rather than to predict the clinical out-
comes, its component variables, including PASP, body
mass index, and atrial fibrillation have been related to sur-
vival in HFpEF.32–34 The prognostic associations with
H2FPEF score could have been anticipated. However, in
the present study, we might firstly demonstrate H2FPEF
score was correlated with increased risks of long-term mor-
tality in dyspnoeic patients, independent of morbidities,
LVM, haemoglobin, and eGFR. The findings may support
that H2FPEF score could not only identify a specific popula-
tion with increased risk of HFpEF but also adverse clinical
outcomes, regardless of diabetes, pulmonary disorders,
anaemia, chronic kidney disease, or left ventricular hyper-
trophy. Given the baseline characteristics of HFpEF were
heterogeneous, the study results also suggested the clinical
application of H2FPEF score for risk stratifications and tai-
lored therapies.

Study limitations

There were several study limitations in this work. First, we did
not conduct the right heart catheterization for the diagnosis
of HFpEF in all participants, because this was not a validation
study of H2FPEF score. In addition, we were not able to diag-
nose HFpEF precisely while the data of left atrial volume and
brain natriuretic peptide was lack. But we did show the prev-
alence of HFpEF increased along with the increased H2FPEF
score. In this study, we did further extend its clinical associa-
tions with pulmonary functions and long-term survival. Sec-
ond, selection bias could not be excluded, giving that this

was an observational study. But we have adjusted for all
the available confounders to evaluate the independent prog-
nostic values of H2FPEF. Third, the diagnosis of HFpEF is very
difficult in patients with concomitant COPD, while both dis-
eases may share similar risk factors, such as old age and obe-
sity. And COPD could consequently cause atrial fibrillation,
pulmonary hypertension, and abnormal E/e’ ratio. Fourth,
data of HF hospitalization were not fully available in this
study. Further studies are needed to address the correlations
of H2FPEF score with morbidity.

Conclusion

While H2FPEF score has been validated to evaluate the prob-
ability of HFpEF, the present study further extended its cor-
relations with pulmonary functions. Although it could be
difficult to identify HFpEF in patients with concomitant
COPD, subjects with high H2FPEF score would more likely
to have either obstructive or restrictive ventilatory defects.
In addition, H2FPEF score was independently associated with
long-term survival in the study population, who presented
with exertional dyspnoea. Because the underline aetiologies
of HFpEF were heterogeneous, this study may also have pro-
posed the prognostic values of H2FPEF score in HFpEF. Fur-
ther studies may be needed to survey the clinical
application of H2FPEF score for the diagnosis of HFpEF, and
a multidisciplinary approach is indicated to manage patients
with concomitant COPD.

Acknowledgements

The study was supported by Taipei Veterans General Hospi-
tal (V100C-145, V101C-092, V102C-119, V103B-017, V104C-
172, and V104E12-003-MY3), Ministry of Science and
Technology (MOST 103-2314-B-010-050-MY2), and Ministry
of Health and Welfare, Taiwan Grant (MOHW106-TDU-B-
211-113001, MOHW107-TDU-B-211-123001, MOHW108-
TDU-B-211-133001), and the National Death Registry.

Conflict of interest

None declared.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. The flow chart of analyzed study population

H2FPEF score and Ventilatory abnormalities. 1877

ESC Heart Failure 2020; 7: 1872–1879
DOI: 10.1002/ehf2.12754



References

1. Bleumink GS, Knetsch AM,
Sturkenboom MC, Straus SM, Hofman
A, Deckers JW, Witteman JC, Stricker
BH. Quantifying the heart failure epi-
demic: prevalence, incidence rate, life-
time risk and prognosis of heart failure
The Rotterdam Study. Eur Heart J
2004; 25: 1614–1619.

2. Ceia F, Fonseca C, Mota T, Morais H,
Matias F, de Sousa A, Oliveira A. Preva-
lence of chronic heart failure in South-
western Europe: the EPICA study. Eur J
Heart Fail 2002; 4: 531–539.

3. Tiller D, Russ M, Greiser KH, Nuding S,
Ebelt H, Kluttig A, Kors JA, Thiery J,
Bruegel M, Haerting J, Werdan K. Preva-
lence of symptomatic heart failure with
reduced and with normal ejection
fraction in an elderly general
population-the CARLA study. PLoS ONE
2013; 8: e59225.

4. McMurray JJ, Carson PE, Komajda M,
McKelvie R, Zile MR, Ptaszynska A,
Staiger C, Donovan JM, Massie BM.
Heart failure with preserved ejection
fraction: clinical characteristics of 4133
patients enrolled in the I-PRESERVE
trial. Eur J Heart Fail 2008; 10: 149–156.

5. 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. ESC guidelines for the diagnosis and
treatment of acute and chronic heart
failure. Revis espa de cardiolo (English
ed) 2016 Dec; 69: 1167.

6. Redfield MM. Heart failure with pre-
served ejection fraction. N Engl J Med
2016; 375: 1868–1877.

7. 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.

8. Obokata M, Kane GC, Reddy YN, Olson
TP, Melenovsky V, Borlaug BA. Role of
diastolic stress testing in the evaluation
for heart failure with preserved
ejection fraction: a simultaneous
invasive-echocardiographic study. Circu-
lation 2017; 135: 825–838.

9. Givertz MM, Fang JC, Sorajja P, Dimas V,
Forfia PR, Kapur NK, Kern MJ, Naidu SS,
Borlaug BA. Executive summary of the
SCAI/HFSA clinical expert consensus
document on the use of invasive hemo-
dynamics for the diagnosis and manage-
ment of cardiovascular disease. J Card
Fail 2017; 23: 487–491.

10. Butler J, Schrijen F, Henriquez A, Polu
JM, Albert RK. Cause of the raised
wedge pressure on exercise in chronic
obstructive pulmonary disease. Am Rev
Respir Dis 1988; 138: 350–354.

11. Chabot F, Schrijen F, Poincelot F, Polu
JM. Interpretation of high wedge pres-
sure on exercise in patients with chronic
obstructive pulmonary disease. Cardiol-
ogy 2001; 95: 139–145.

12. Baum C, Ojeda FM, Wild PS, Rzayeva N,
Zeller T, Sinning CR, Pfeiffer N, Beutel
M, Blettner M, Lackner KJ, Blankenberg
S, Munzel T, Rabe KF, Schnabel RB. Sub-
clinical impairment of lung function is
related to mild cardiac dysfunction and
manifest heart failure in the general
population. Int J Cardiol 2016; 218:
298–304.

13. 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.

14. Macchia A, Monte S, Romero M,
D’Ettorre A, Tognoni G. The prognostic
influence of chronic obstructive pulmo-
nary disease in patients hospitalised for
chronic heart failure. Eur J Heart Fail
2007; 9: 942–948.

15. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li
Y, Xu JS, Huang SM, Wang LN, Huang
W, Wang M, Xu GB, Wang HY. Modified
glomerular filtration rate estimating
equation for Chinese patients with
chronic kidney disease. J Am Soc
Nephrol 2006; 17: 2937–2944.

16. Teichholz LE, Kreulen T, Herman MV,
Gorlin R. Problems in echocar-
diographic volume determinations:
echocardiographic-angiographic corre-
lations in the presence of absence of
asynergy. Am J Cardiol 1976; 37: 7–11.

17. Culver BH, Graham BL, Coates AL,
Wanger J, Berry CE, Clarke PK,
Hallstrand TS, Hankinson JL, Kaminsky
DA, MacIntyre NR, McCormack MC,
Rosenfeld M, Stanojevic S, Weiner DJ.
Recommendations for a standardized
pulmonary function report. An official
American thoracic society technical
statement. Am J Respir Crit Care Med
2017; 196: 1463–1472.

18. Sung SH, Cheng HM, Wang KL, Yu WC,
Chuang SY, Ting CT, Lakatta EG, Yin
FC, Chou P, Chen CH. White coat hyper-
tension is more risky than
prehypertension: important role of arte-
rial wave reflections. Hypertension 2013;
61: 1346–1353.

19. Qaseem A, Wilt TJ, Weinberger SE,
Hanania NA, Criner G, van der Molen
T, Marciniuk DD, Denberg T,
Schunemann H, Wedzicha W, MacDon-
ald R, Shekelle P. Diagnosis and man-
agement of stable chronic obstructive
pulmonary disease: a clinical practice
guideline update from the American
College of Physicians, American College
of Chest Physicians, American Thoracic
Society, and European Respiratory

Society. Ann Intern Med 2011; 155:
179–191.

20. Andrea R, Lopez-Giraldo A, Falces C,
Sobradillo P, Sanchis L, Gistau C, Heras
M, Sabate M, Brugada J, Agusti A. Lung
function abnormalities are highly fre-
quent in patients with heart failure and
preserved ejection fraction. Heart Lung
Circ 2014; 23: 273–279.

21. Obokata M, Olson TP, Reddy YNV,
Melenovsky V, Kane GC, Borlaug BA.
Haemodynamics, dyspnoea, and pulmo-
nary reserve in heart failure with pre-
served ejection fraction. Eur Heart J
2018; 39: 2810–2821.

22. Ries AL, Gregoratos G, Friedman PJ,
Clausen JL. Pulmonary function tests in
the detection of left heart failure: corre-
lation with pulmonary artery wedge
pressure. Respiration; intern revi thora
disea 1986; 49: 241–250.

23. Cardiac asthma. Lancet 1990; 335:
693–694.

24. Sato Y, Yoshihisa A, Oikawa M, Nagai T,
Yoshikawa T, Saito Y, Yamamoto K,
Takeishi Y, Anzai T. Prognostic impact
of chronic obstructive pulmonary dis-
ease on adverse prognosis in hospital-
ized heart failure patients with
preserved ejection fraction—a report
from the JASPER registry. J Cardiol
2019; 73: 459–465.

25. Streng KW, Nauta JF, Hillege HL, Anker
SD, Cleland JG, Dickstein K, Filippatos
G, Lang CC, Metra M, Ng LL, Ponikowski
P, Samani NJ, van Veldhuisen DJ,
Zwinderman AH, Zannad F, Damman
K, van der Meer P, Voors AA. Non-car-
diac comorbidities in heart failure with
reduced, mid-range and preserved ejec-
tion fraction. Int J Cardiol 2018; 271:
132–139.

26. Lawson CA, Mamas MA, Jones PW,
Teece L, McCann G, Khunti K, Kadam
UT. Association of medication intensity
and stages of airflow limitation with
the risk of hospitalization or death in pa-
tients with heart failure and chronic ob-
structive pulmonary disease. JAMA Netw
Open 2018; 1: e185489.

27. Hawkins NM, Wang D, Petrie MC, Pfeffer
MA, Swedberg K, Granger CB, Yusuf S,
Solomon SD, Ostergren J, Michelson
EL, Pocock SJ, Maggioni AP, McMurray
JJ. Baseline characteristics and out-
comes of patients with heart failure re-
ceiving bronchodilators in the CHARM
programme. Eur J Heart Fail 2010; 12:
557–565.

28. Suissa S, Dell’Aniello S, Ernst P. Concur-
rent use of long-acting bronchodilators
in COPD and the risk of adverse cardio-
vascular events. Eur Respir J 2017 May;
49: 1602245.

29. Guazzi M, Adams V, Conraads V, Halle
M, Mezzani A, Vanhees L, Arena R,
Fletcher GF, Forman DE, Kitzman DW,
Lavie CJ, Myers J. European Association

1878 W.-M. Huang et al.

ESC Heart Failure 2020; 7: 1872–1879
DOI: 10.1002/ehf2.12754



for Cardiovascular P, Rehabilitation,
American Heart A. EACPR/AHA Scien-
tific Statement. Clinical recommenda-
tions for cardiopulmonary exercise
testing data assessment in specific pa-
tient populations. Circulation 2012;
126: 2261–2274.

30. Shiga T, Suzuki A, Haruta S, Mori F, Ota
Y, Yagi M, Oka T, Tanaka H, Murasaki S,
Yamauchi T, Katoh J, Hattori H, Kikuchi
N, Watanabe E, Yamada Y, Haruki S,
Kogure T, Suzuki T, Uetsuka Y,
Hagiwara N. Clinical characteristics of
hospitalized heart failure patients with
preserved, mid-range, and reduced ejec-
tion fractions in Japan. ESC heart failure
2019; 6: 475–486.

31. Lupon J, Gavidia-Bovadilla G, Ferrer E,
de Antonio M, Perera-Lluna A, Lopez-
Ayerbe J, Domingo M, Nunez J, Zamora
E, Moliner P, Santiago-Vacas E,
Santesmases J, Bayes-Genis A. Heart
failure with preserved ejection fraction
infrequently evolves toward a reduced
phenotype in long-term survivors. Circ
Heart Fail 2019; 12: e005652.

32. Gorter TM, Hoendermis ES, van
Veldhuisen DJ, Voors AA, Lam CS,
Geelhoed B, Willems TP, van Melle JP.
Right ventricular dysfunction in heart
failure with preserved ejection fraction:
a systematic review and meta-
analysis. Eur J Heart Fail 2016; 18:
1472–1487.

33. Haass M, Kitzman DW, Anand IS, Miller
A, Zile MR, Massie BM, Carson PE. Body
mass index and adverse cardiovascular
outcomes in heart failure patients with
preserved ejection fraction: results from
the Irbesartan in Heart Failure with Pre-
served Ejection Fraction (I-PRESERVE)
trial. Circ Heart Fail 2011; 4: 324–331.

34. Kotecha D, Chudasama R, Lane DA,
Kirchhof P, Lip GY. Atrial fibrillation
and heart failure due to reduced versus
preserved ejection fraction: a systematic
review and meta-analysis of death and
adverse outcomes. Int J Cardiol 2016;
203: 660–666.

H2FPEF score and Ventilatory abnormalities. 1879

ESC Heart Failure 2020; 7: 1872–1879
DOI: 10.1002/ehf2.12754


