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Identification of heart failure with
preserved ejection fraction helps risk
stratification for hypertrophic
cardiomyopathy
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Abstract

Background: Heart failure with preserved ejection fraction (HFpEF) is the dominant form of heart failure (HF). We
here aimed to investigate the characteristics and prognosis of HFpEF in patients with hypertrophic cardiomyopathy
(HCM).

Methods: This was a prospective cohort study and patients with HCM with available NT-proBNP results were
enrolled. Patients were categorized into HFpEF [defined as LVEF 250%, with symptoms or signs of HF, and N-
terminal pro-brain natriuretic peptide 2800 pg/mL according to American Heart Association (AHA) criteria] and
without heart failure (non-HF). The outcomes of interest were all-cause death, cardiovascular death, and sudden
cardiac death (SCD).

Results: Of 1178 included patients with HCM, 513 (43.5%) were identified as having HFpEF according to AHA
criteria. Compared with non-HF patients, patients with HFpEF had significantly larger maximal wall thickness (P <
0.001), higher maximal left ventricular outflow tract gradient (P < 0.001), higher proportion of atrial fibrillation (P <
0.001), higher incidence of all-cause death (log-rank test, P = 0.002), and cardiovascular death (log-rank test, P =
0.005). Multivariable Cox analysis showed that patients with HFpEF had a nearly two-fold higher risk of all-cause
death (adjusted HR = 1.80, 95% Cl 1.11-2.90; P = 0.017) and cardiovascular death (adjusted HR =1.82, 95% Cl 1.05-
3.18; P = 0.033) than non-HF patients.
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Conclusions: Patients with HCM have a high prevalence of HFpEF and those with HFpEF present greater disease
severity and higher mortality than non-HF patients, and thus may require an appropriate and more aggressive
treatment for HF management. Identification of patients with HFpEF using AHA criteria can provide guidance on

patient risk stratification for patients with HCM.
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Background

Hypertrophic cardiomyopathy (HCM) is one of the com-
monest myocardial diseases, its estimated prevalence be-
ing 1/500-1/200 [1]. Heart failure (HF) is a major cause
of mortality in patients with HCM. Recognition of HF is
important because it influences patient management.
Previous studies of HCM focused on patients with sys-
tolic dysfunction [left ventricular ejection fraction
(LVEF) <50%] because those patients reportedly have a
high risk of HF-related death and sudden cardiac death
(SCD) [2]. However, left ventricular systolic dysfunction
usually appears in end-stage of disease, following with
ventricular dilatation and a thin ventricular wall. Previ-
ous studies have shown that patients with LVEF < 50%
account for only 2-8% of all patients with HCM and
that these patients usually require advanced therapies,
including implantable cardioverter-defibrillators and
heart transplants [2—4]. Thus, systolic function is pre-
served in most patients with HCM.

Clinical practice guidelines of HF proposed the con-
cept of HF with preserved ejection fraction (HFpEF) [5,
6]. Previous studies have shown that HFpEF is the dom-
inant form of HF in patients with cardiovascular disease
and is associated with poor quality of life and premature
mortality [7]. To the best of our knowledge, no pub-
lished study has yet described the clinical characteristics
of HFpEF in patients with HCM. Whether recognizing
HFpEF will assist risk stratification or have treatment
implications for patients with HCM remains to be fully
examined. Moreover, current guidelines recommend
identifying HFpEF on the basis of the presence of symp-
toms and/or signs of HF, LVEF250%, high natriuretic
peptides concentrations, and the presence of relevant
structural heart disease and/or diastolic dysfunction.
However, the cutoff value for high natriuretic peptides
concentrations remains controversial. The 2016 Euro-
pean Society of Cardiology (ESC) guideline recommends
cutoff values of B-type natriuretic peptide (BNP) > 35
pg/mL and/or N-terminal pro-brain natriuretic peptide
(NT-proBNP) > 125 pg/mL, whereas the 2017 American
Heart Association (AHA) scientific statement suggests
using BNP >100 pg/mL or NT-proBNP >800 pg/mL as
the cutoff values for a diagnosis of HFpEF [6, 8]. Which
cutoff value more reliably identifies patients with HFpEF
is yet to be investigated in patients with HCM. Thus, we
conducted this study of a large cohort of patients with

HCM with the aims of determining the characteristics
and prognosis of HFpEF in patients with HCM and of
evaluating which cutoff value of NT-proBNP is better
for recognizing HFpEF in patients with HCM.

Methods

Study cohort

The cohort of this observational cohort study comprised
1238 unrelated, prospectively enrolled patients with
HCM with available NT-proBNP results at enrolment.
Patients with HCM were consecutively recruited, includ-
ing both outpatients and inpatients that were admitted
to hospital for various reasons. Thirty-six of these pa-
tients were excluded from the study because they were
lost to follow-up after enrolment and 24 patients were
excluded because of with LVEF < 50%, leaving 1178 pa-
tients with HCM for inclusion in the analysis. All pa-
tients were prospectively enrolled at Fuwai Hospital,
Chinese Academy of Medical Sciences, between 1999
and 2019. HCM was identified by echocardiographic
and/or cardiac magnetic resonance demonstration of left
ventricular hypertrophy (maximal left ventricular wall
thickness >15 in general or =13 mm in patients with a
family history of HCM) in the absence of any other car-
diac or systemic disease capable of producing such se-
vere hypertrophy. Written informed consent was
obtained from all study patients. The study was per-
formed in accordance with the principles of the Declar-
ation of Helsinki and was approved by the Ethics
Committee of Fuwai Hospital.

All patients underwent a complete cardiac evaluation
on enrollment. LVEF was calculated from two-
dimensional echocardiography images using the modi-
fied Simpsons rule formula. NT-proBNP concentrations
were measured as described in our previous study [9].
Specifically, venous blood samples were collected into
serum separator tubes by direct venipuncture and sent
to the laboratory for testing. Serum NT-proBNP concen-
trations were measured using a commercially available,
fully automated, two-side electrochemiluminescence im-
munoassay (Cobas E170, Roche, Basel, Switzerland).

Recognition of HFpEF

Diagnosis of HFpEF was based on a combination of
symptoms, signs, LVEF and NT-proBNP concentrations.
According to the 2017 AHA criteria [8], patients with
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LVEF >50%, NT-proBNP >800 pg/mL, and with symp-
toms or signs of HF were categorized as having HFpEF,
and those who did not meet the above criteria were
identified as having non-HF. In contrast, the 2016 ESC
guideline suggested using NT-proBNP>125 pg/mL as
the cutoff point for a diagnosis of HFpEF [6].

Genotyping

Genetic testing using genomic DNA extracted from a
blood sample was performed on 946 (80.3%) patients in
the study cohort, 692 of whom underwent whole exome
sequencing and 254 panel sequencing. Variants identi-
fied in eight core sarcomeric protein-encoding genes
(MYH7, MYBPC3, TNNT2, TNNI3, MYL2, MYL3,
TPM1I, and ACTC1) were classified as pathogenic, likely
pathogenic, of unknown significance, likely benign or be-
nign using the criteria proposed by the American Col-
lege of Medical Genetics and Genomics [10]. Patients
with any pathogenic or likely pathogenic variant in these
eight genes were grouped as mutation-positive, whereas
those without any such variants were grouped as
mutation-negative.

Outcomes

All patients were followed up annually until July 2020 by
a clinic visit or telephone interview. Patients lost to
follow-up were censored at the last known contact date.
The outcomes of interest were all-cause death, cardio-
vascular death, and sudden cardiac death (SCD). SCD
events were a composite of SCD and equivalent events.
SCD was defined as witnessed sudden and unexpected
death with or without documented ventricular fibrilla-
tion within 1h of new symptoms developing or noctur-
nal death with no history of worsening symptoms.
Resuscitation from cardiac arrest and appropriate im-
plantable cardioverter-defibrillator shock therapy for
ventricular tachycardia or fibrillation were considered to
be equivalent to SCD.

Statistical analysis

Categorical variables were presented as numbers and
percentages and continuous variables as means and
standard deviations or medians with interquartile ranges.
Differences in characteristics across different groups
were compared with the y* test for categorical variables
and Student’s t test or Mann-Whitney U test for con-
tinuous variables. Survival curves were constructed by
the Kaplan-Meier method and compared by the log-rank
test. Univariable and multivariable Cox proportional
hazards models were used to calculate hazard ratios
(HRs) and 95% confidence intervals (CIs). Multivariable
Cox regression analysis was conducted by adjusting the
following confounders using a backward method: age,

sex, maximal left ventricular wall thickness, atrial
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fibrillation, maximal left ventricular outflow tract gradi-
ent, and NYHA class. Receiver operating characteristic
(ROC) curve was constructed to visualize the risk pre-
diction performances by plotting the sensitivity against
1-specificity. Youden’s index was the sum of sensitivity
and specificity minus one, being a commonly used
means of determining the optimal threshold. In consid-
eration that septal reduction therapy could significantly
affect patient clinical course and outcomes, we per-
formed sensitivity analysis by excluding patients with
septal reduction therapy. A two-tailed P value of <0.05
was considered to denote statistical significance. All stat-
istical analyses were performed using SPSS version 24
(IBM, Armonk, NY) and GraphPad Prism 8.0.1.

Results

Clinical characteristics of the study cohort

Of the 1178 patients included, 513 (43.5%) patients were
identified as having HFpEF using AHA criteria. The pa-
tients’ baseline characteristics according to HF pheno-
types were summarized in Table 1. Compared with non-
HF patients, patients with HFpEF were more often fe-
male (44.6% versus 28.0%; P <0.001) and had signifi-
cantly greater maximal wall thickness (24 mm versus 22
mm; P <0.001), higher maximal left ventricular outflow
tract gradient (64 mmHg versus 25 mmHg, P <0.001),
higher NT-proBNP concentrations (1807.0 pg/mL versus
536.8 pg/mL; P <0.001) and higher proportion of atrial
fibrillation (27.3% vs. 13.5%; P <0.001). Use of the diag-
nostic criterion of HFpEF in the ESC guidelines yielded
761 (64.6%) patients with HFpEF and similar significant
differences were observed between non-HF patients and
patients with HFpEF (Additional file 1: Table. S1).

Cumulative incidence of adverse events according to HF
phenotypes

Over a total follow-up of 5827 patient years, all-cause
death occurred in 79 patients (1.4 per 100 patient years).
Sixty of these events were cardiovascular deaths, includ-
ing 29 SCD events. The incidence of all-cause death and
cardiovascular death in patients with HFpEF were 1.92
and 1.51 per 100 patient-years, whereas only 0.96 and
0.70 per 100 patient-years in non-HF patients. Kaplan-
Meier survival analysis demonstrated a significant differ-
ence in the cumulative event-free survival rate of all-
cause death (P =0.002) and cardiovascular death (P =
0.005) between patients with HFpEF and non-HF pa-
tients (Fig. 1). The incidence of SCD was 0.54 per 100
patient-years in the subgroup of patients with HFpEF,
which is similar to that in non-HF patients (0.47 per 100
patient-years). In contrast, when we used ESC criteria
for the diagnosis of HFpEF, no significant difference was
observed in the incidence of all-cause death,
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Table 1 Clinical characteristics of patients with HFpEF and non-HF patients in HCM
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Parameters All (n=1178) HFpEF* (n=513) Non-HF* (n=665) P value”
Age at evaluation (years) 49+14 50£14 48+14 0.146
Female 415 (35.2) 229 (44.6) 186 (28.0) <0.001
MWT (mm) 23 (20-26) 24 (21-28) 22 (19-25) <0.001
LVEF (%) 68+8 69+7 68+6 0.027
LVedd (mm) 4416 4316 44+5 <0.001
Unexplained syncope 149 (12.6) 75 (14.6) 74 (11.1) 0.070
Atrial fibrillation 230 (19.5) 140 (27.3) 90 (13.5) <0.001
Maximal LVOT gradient 44 (10-80) 64 (29-94) 25 (8-67) <0.001
NT-proBNP 988.0 (494.1-1934.4) 1807.0 (1225.0-2892.6) 536.8 (304.6-796.8) <0.001
NYHA class
I 385 (32.7) 0 (0.0) 385 (57.9) <0.001
Il 514 (43.6) 313 (61.0) 201 (30.2) <0.001
/v 279 (23.7) 200 (39.0) 79 (11.9) <0.001
Medicine treatment
Beta-blockers 861 (73.1) 387 (754) 474 (71.3) 0.110
ACEI/ARBs 232 (19.7) 70 (13.6) 162 (24.4) <0.001
Calcium-channel blocker 230 (19.5) 87 (17.0) 143 (21.5) 0.051
Diuretic 269 (22.8) 160 (31.2) 109 (16.4) <0.001

In our cohort, the data on the maximal LVOT gradient were not available in 15 (1.3%) patients and the missing values were imputed using the median.

Values are presented as the mean+SD, median (interquartile range) or n (%)

AHA American Heart Association, LVedd left ventricular end-diastolic dimension, LVEF left ventricular ejection fraction, LVOT left ventricular outflow tract, MWT

maximal wall thickness, NT-proBNP N-terminal pro-brain natriuretic peptide, NYHA New York Heart Association

*Heart failure phenotypes were identified using AHA criteria
*Comparison between patients with HFpEF and non-HF patients

cardiovascular death or SCD between the patients with
HEFpEF and non-HF patients (Additional file 2: Fig. S1).

Independent association between HFpEF and poor
prognosis

Univariable Cox regression analysis showed that, com-
pared with non-HF, HFpEF was associated with a signifi-
cantly higher risk of all-cause death (HR =2.00, 95% CI

1.27-3.13; P =0.003) and cardiovascular death (HR =2.07,
95% CI 1.23-3.47; P =0.006). Multivariable Cox analysis
was conducted and the analysis showed that, compared
with non-HF patients, those with HFpEF had a nearly
twofold higher risk of all-cause death (adjusted HR =
1.80, 95% CI 1.11-2.90; P =0.017) and cardiovascular
death (adjusted HR =1.82, 95% CI 1.05-3.18; P =0.033).
The results demonstrated an independent association
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Fig. 1 Kaplan-Meier curve for patients with HFpEF and non-HF patients using AHA criteria in HCM. Cumulative survival rate curves for all-cause
death (A), cardiovascular death (B), and SCD (C). AHA, American Heart Association; HCM, hypertrophic cardiomyopathy; HFpEF, heart failure with
preserved ejection fraction; non-HF, patients without heart failure; SCD, sudden cardiac death
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between HFpEF and poor prognosis in the patients with
HCM (Fig. 2). We further constructed a ROC curve to
evaluate the predicting performance of various NT-
proBNP cut-off value for all-cause death in patients with
HCM (Fig. 3). The results showed that NT-proBNP >
1780 pg/ml had the highest Youden’s index. When we
used the ESC criteria to guide the diagnosis of HFpEF,
no significant association was found between HFpEF
and prognosis in patients with HCM (Additional file 2:
Fig. S2).

Sensitivity analysis

Septal reduction therapy was performed after enrollment
and clinical evaluation in 565 (48.0%) of the patients in
our study cohort. We therefore conducted sensitivity
analysis to exclude the potential effect of septal reduc-
tion therapy on patient outcomes and to assess the sta-
bility of our results. The study cohort analyzed included
613 patients with HCM who did not undergo septal re-
duction therapy; their results were similar to those of
whole cohort. Multivariable Cox analysis showed that
patients with HFpEF were at significantly higher risk of
all-cause death (adjusted HR = 2.10, 95% CI 1.20-3.66; P
=0.009) and cardiovascular death (adjusted HR = 2.21,
95% CI 1.14—4.27; P =0.019) than were non-HF patients
(Additional file 2: Fig. S3). When we used the ESC cri-
teria, no significant association was observed between
HFpEF and prognosis (Additional file 2: Fig. S3).

Genetic characteristics of HFpEF in HCM
Among the 946 patients in this cohort who underwent
genetic testing, 307 (32.5%) were found to have a variant
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classified as “pathogenic” or “likely pathogenic” in the
sarcomere gene, variants in MYBPC3 and MYH?7 being
predominant (Table 2). Six (0.6%) patients carried a
combination of two pathogenic or likely pathogenic vari-
ants. Table 2 summarizes the gene mutation data for pa-
tients with HFpEF and non-HF patients. We found that
the proportion of mutation-positive patients was signifi-
cantly higher in the HFpEF group than in the non-HF
group (36.6% vs. 30.3%, P =0.041).

Discussion

In the present study, we comprehensively investigated
the prevalence, clinical and genetic characteristics, and
clinical outcomes of patients with HCM with HFpEF.
We found that HFpEF showed a high prevalence in
HCM. These patients presented with more severe car-
diac abnormalities and had a significantly worse progno-
sis than did non-HF patients. Moreover, the cutoff value
for NT-proBNP of > 800 pg/mL was better for determin-
ing HFpEF than was the cutoff value of NT-proBNP
>125 pg/mL in that it improved risk stratification in our
patients with HCM.

Among patients with HCM, establishing a diagnosis of
HF and determining the HF phenotype is not only im-
portant from the perspective of prognosis but may also
have important treatment implications. Practice guide-
lines of HF proposed the concept of HFpEF, but to the
best of our knowledge, no published studies have previ-
ously investigated the characteristics of HFpEF in pa-
tients with HCM. We therefore conducted this study
with the aims of assessing the prevalence, clinical and

~N

Heart failure Mortality (per 100 Univariable Cox analysis Multivariable Cox analysis
phenotype” patient-years) .
Crude HR (95% CI) P value Adjusted HR (95% CI)* P value*
All-cause death
Non-HF 0.96 Reference - Reference - Reference
——
HFpEF 1.92 2.00 (1.27-3.13) 0.003 1.80 (1.11-2.90) 0.017 T T ]
1 2 3 4
Cardiovascular death
Non-HF 0.70 Reference - Reference - B Reference
——

HFpEF 1.51 2.07 (1.23-3.47) 0.006 1.82 (1.05-3.18) 0.033 T T T /

SCD

Non-HF 0.47 Reference - Reference -

HFpEF 0.54 1.09 (0.52-2.27) 0.818 - -
Fig. 2 Hazard ratio of HFpEF versus non-HF in 1178 patients with HCM. *Heart failure phenotypes were identified using AHA criteria.
*Multivariable Cox regression analysis, models were adjusted for the following covariates using a backward method: age, sex, maximal left
ventricular wall thickness, atrial fibrillation, maximal left ventricular outflow tract gradient, and NYHA class. AHA, American Heart Association; Cl,
confidence interval; HFpEF, heart failure with preserved ejection fraction; non-HF, patients without heart failure; HR, hazard ratio; SCD, sudden
cardiac death
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Fig. 3 ROC curve of NT-proBNP for all-cause death risk prediction in 1178 patients with HCM. C-statistics = 0.70 (95% Cl 0.67-0.73, P < 0.001); the
optimal cut-off value was NT-proBNP > 1780 pg/ml identified by the highest Youden’s index (sensitivity =57.0%, specificity =74.8%). HCM,
hypertrophic cardiomyopathy; NT-proBNP, N-terminal pro-brain natriuretic peptide; ROC, receiver operating characteristic

Table 2 Genetic characteristics of patients with HFpEF in HCM

Genetics All (n=946) HFpEF* (n=415) Non-HF* (n=531) P value*
Mutation-positive 313 (33.1) 152 (36.6) 161 (30.3) 0.041
Multiple variants 6 (0.6) 4 (1.0) 2(04) 0413
MYH7 151 (16.0) 74 (17.8) 77 (14.5) 0.165
MYBPC3 127 (134) 56 (13.5) 71 (134) 0.956
ACTCT 0 (0.0) 0 (0.0 0 (0.0) -
MYL2 6 (0.6) 4 (1.0) 2 (04) 0413
MYL3 4(04) 3(0.7) 1(0.2) 0.325
TNNI3 16 (1.7) 8 (1.9 8 (1.5 0618
TNNT2 13 (1.4) 922 4 (0.8) 0.064
TPMT 202 1(0.2) 1(0.2) 1.000

AHA American Heart Association, HCM hypertrophic cardiomyopathy, HFpEF heart failure with preserved ejection fraction, non-HF patients without heart failure

*Heart failure phenotypes were identified using AHA criteria
*Comparison between patients with HFpEF and non-HF patients
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genetic profiles, and long-term prognosis of patients
with HFpEF in HCM.

The current criteria for diagnosis of HFpEF are incon-
sistent between different practice guidelines for HF, the
main discrepancy being the cutoff values for high natri-
uretic peptides concentrations. The 2016 ESC guidelines
recommend NT-proBNP >125pg/mL as the cutoff
value, whereas the 2017 AHA scientific statement sug-
gests using NT-proBNP >800 pg/mL. Further research is
needed to determine whether the ESC criteria or the
AHA criteria are more optimal for classifying patients
with HCM. We found that the clinical outcomes of pa-
tients with HFpEF and non-HF patients did not differ
significantly when we used the ESC criteria. In contrast,
we found significant differences in risks of all-cause
death and cardiovascular deaths between patients with
HFpEF and non-HF patients when we used the AHA
criteria. These findings imply that using the AHA cri-
teria to identify patients with HFpEF is more helpful for
risk stratification of patients with HCM.

We also found a high prevalence of HFpEF in patients
with HCM. When we used the diagnostic criteria in the
2017 AHA scientific statement, we found that over 40%
of the patients in our cohort fell into the HFpEF cat-
egory. Additionally, the clinical characteristics of patients
with HFpEF and non-HF patients differed significantly.
Compared with non-HF patients, those with HFpEF had
more severe cardiac abnormalities, as evidenced by a sig-
nificantly larger maximal wall thickness, higher propor-
tion of atrial fibrillation, higher maximal left ventricular
outflow tract gradient, etc. These findings imply that a
diagnosis of HFpEF may be a reliable indicator of disease
progression in patients with HCM.

Most importantly, we found that patients with HFpEF
were at a significantly higher risk of all-cause death and
cardiovascular death than were non-HF patients. This
difference remained significant after adjusting for poten-
tial confounders. We further conducted a sensitivity ana-
lysis to exclude the potential effects of septal reduction
therapy on our finding. Similar results were observed
when only including patients without septal reduction
therapy, indicating that our results are robust. These
findings indicate that patients with HCM with HFpEF
have an elevated risk of premature mortality. Meanwhile,
future studies could use HFpEF as a surrogate for hard
endpoints in patients with HCM, thus reducing the
length of the study period.

To date, several large-scale clinical trials have assessed
the efficacy of medical therapies for HFpEF, jet no drug
has been proven to reduce mortality [11]. Current HF
guidelines recommend diuretics as the first-line treat-
ment for patients with HFpEF to relieve symptoms due
to volume overload, because previous studies have pro-
vided evidence to support the efficacy of diuretics in
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reducing the risk of hospitalization for HF [12]. There is
also evidence supporting that aldosterone receptor an-
tagonists and angiotensin-receptor blockers can decrease
HF hospitalizations for patients with HFpEF [13-15]. Pa-
tients with HCM and HFpEF may also benefit from ap-
propriate HF management by using drugs such as
diuretics and spironolactone, although no direct evi-
dence is available to support this at present time. Future
large-scale randomized controlled trials for HFpEF treat-
ment are warranted in patients with HCM.

Our findings show that the patients with HFpEF are
not at increased risk of SCD. Previous studies have
shown that LVEF <50% is a strong indicator for a high
risk of SCD in patients with HCM [2, 4, 16]. In contrast,
the incidence of SCD events in patients with HFpEF was
low and similar to that in non-HF patients. Instead of
SCD prevention, the main goals of treatment for patients
with HCM with HFpEF should be prevention/slowing of
disease progression.

Study limitation

This large study was conducted in a single national re-
ferral center. Although patients were from across the
country, there may have been a selection bias. Mean-
while, possible bias due to long-time span of patient en-
rollment cannot be completely ruled out because there
was some change in diagnosis and treatment of HCM
over past years. Second, high creatine concentrations,
kidney failure, and hyponatremia are reportedly associ-
ated with high NT-proBNP concentration. Only 13
(1.1%) of our participants had high creatine concentra-
tions (> 133 umol/L), 84 (7.0%) participants low eGFR
concentrations [< 60 mL/(min*1.7m?%)] and 18 (1.5%)
hyponatremia (serum sodium <135 mmol/L). The
current cut-off value for NT-proBNP may be of limited
value in diagnosing HFpEF in such patients with HCM.
Thus, the optimal cut-off value still needs further
investigation.

Conclusion

In patients with HCM, HFpEF is common, can reflect
the state of disease progression, and is independently as-
sociated with increased risk of all-cause death and car-
diovascular death, but not with an increased risk of
SCD. Moreover, the cut-off values of NT-proBNP for
recognizing HFpEF in AHA criteria better stratify risk in
a patient with HCM than those in the ESC criteria.
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Cl: Confidence intervals; ESC: European society of cardiology;

HCM: Hypertrophic cardiomyopathy; HF: Heart failure; HFpEF: Heart failure
with preserved ejection fraction; HR: Hazard ratios; LVEF: Left ventricular
ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide;
SCD: Sudden cardiac death



Liu et al. BMC Medicine (2022) 20:21

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512916-021-02219-7.

Additional file 1: Table S1. Clinical characteristics of patients with
HFpEF and non-HF patients using ESC criteria in HCM.

Additional file 2: Figure S1-S3. FigS1- Kaplan-Meier curve for patients
with HFpEF and non-HF patients using ESC criteria in HCM. FigS2- Haz-
ard ratio of HFpEF versus non-HF using ESC criteria in 1178 patients with
HCM. Fig S3-Hazard ratio of HFpEF versus non-HF in 613 HCM patients
without septal reduction therapy.

Acknowledgements
We thank all patients for their willingness to participate in our study and all
staff working on the project for their valuable contribution to this research.

Authors’ contributions

LJ and WD designed the study; SL supervised the study. LJ, RJY, WGX, XLJ,
and JW performed sample acquisition and data collection; LJ and RJY
performed data analysis; LJ and WD interpreted the results of the analysis. LJ
wrote the original manuscript; WJZ, SXL, KLM, and SL reviewed and edited
the manuscript. WJZ and SL acquired funding and administered the project.
All' authors read and contributed to the manuscript.

Funding

This work was supported by CAMS Innovation Fund for Medical Sciences
(grant number 2016-12M-1-002 and 2016-12M-1-015), the National Natural Sci-
ence Foundation of China (grant number 81870286), and the Beijing Munici-
pal Science and Technology Commission Program (grant number
Z191100006619106).

Availability of data and materials
All authors had full access to all data in the study and take responsibility for
the integrity of data and the accuracy of data analysis.

Declarations

Ethics approval and consent to participate

This study complied with the principles of the Declaration of Helsinki and
was approved by the Ethics Committee of Fuwai Hospital. All patients
provided written informed consent.

Consent for publication
All authors have read and approved the paper content and agreed to the
publication.

Competing interests
The authors declare that they have no competing interests.

Author details

'State Key Laboratory of Cardiovascular Disease, Fuwai Hospital, National
Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences
and Peking Union Medical College, 167, Beilishi Road, Xicheng District,
100037 Beijing, People’s Republic of China. *Cardiomyopathy Ward, Fuwai
Hospital, National Center for Cardiovascular Diseases, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing 100037, People’s
Republic of China. *National Clinical Research Center for Cardiovascular
Diseases, Fuwai Hospital, National Center for Cardiovascular Diseases, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing
100037, People’s Republic of China.

Received: 10 October 2021 Accepted: 15 December 2021
Published online: 26 January 2022

References

1. Semsarian C, Ingles J, Maron MS, Maron BJ. New perspectives on the
prevalence of hypertrophic cardiomyopathy. J Am Coll Cardiol. 2015;65(12):
1249-54. https://doi.org/10.1016/jjacc.2015.01.019.

2. Rowin EJ, Maron BJ, Carrick RT, Patel PP, Koethe B, Wells S, et al. Outcomes
in patients with hypertrophic cardiomyopathy and left ventricular systolic

Page 8 of 8

dysfunction. J Am Coll Cardiol. 2020;75(24):3033-43. https://doi.org/10.1016/
}jacc.2020.04.045.

3. Thaman R, Gimeno JR, Murphy RT, Kubo T, Sachdev B, Mogensen J, et al.
Prevalence and clinical significance of systolic impairment in hypertrophic
cardiomyopathy. Heart. 2005,91(7):920-5. https://doi.org/10.1136/hrt.2003.
031161.

4. Efthimiadis GK, Giannakoulas G, Parharidou DG, Karvounis HI, Mochlas ST,
Styliadiis IH, et al. Prevalence of systolic impairment in an unselected
regional population with hypertrophic cardiomyopathy. Am J Cardiol. 2006;
98(9):1269-72. https://doi.org/10.1016/j.amjcard.2006.05.063.

5. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al. 2013
ACCF/AHA guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart Association
Task Force on practice guidelines. Circulation. 2013;128(16):e240-327.
https://doi.org/10.1161/CIR.0b013e31829e8776.

6. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al.
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 the Heart Failure Association (HFA) of the
ESC. Eur Heart J. 2016;37(27):2129-200. https://doi.org/10.1093/eurheartj/
ehw128.

7. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart failure with
preserved ejection fraction. Nat Rev Cardiol. 2017;14(10):591-602.

8. Chow SL, Maisel AS, Anand |, Bozkurt B, de Boer RA, Felker GM, et al. Role of
biomarkers for the prevention, assessment, and management of heart
failure: a scientific statement from the American Heart Association.
Circulation. 2017;135(22):21054-91. https://doi.org/10.1161/CIR.
0000000000000490.

9. WuG, LiuJ, Wang S, YuS, Zhang C, Wang D, et al. N-terminal pro-brain
natriuretic peptide and sudden cardiac death in hypertrophic
cardiomyopathy. Heart. 2021;107(19):1576-83. https://doi.org/10.1136/hea
rjnl-2020-317701.

10. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
guidelines for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet Med. 2015;
17(5):405-24. https://doi.org/10.1038/gim.2015.30.

11, Borlaug BA. Evaluation and management of heart failure with preserved
ejection fraction. Nat Rev Cardiol. 2020;17(9):559-73. https://doi.org/10.1038/
$41569-020-0363-2.

12. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Colvin MM, et al. 2017
ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the
Management of Heart Failure: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines and the Heart Failure Society of America. Circulation. 2017;136(6):
e137-61. https.//doi.org/10.1161/CIR.0000000000000509.

13. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJV, et al.
Effects of candesartan in patients with chronic heart failure and preserved
left-ventricular ejection fraction: the CHARM-Preserved Trial. Lancet. 2003;
362(9386):777-81. https://doi.org/10.1016/5S0140-6736(03) 14285-7.

14. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al.
Spironolactone for heart failure with preserved ejection fraction. N Engl J
Med. 2014;370(15):1383-92. https://doi.org/10.1056/NEJMoa1313731.

15.  Pfeffer MA, Claggett B, Assmann SF, Boineau R, Anand IS, Clausell N, et al.
Regional variation in patients and outcomes in the Treatment of Preserved
Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT)
trial. Circulation. 2015;131(1):34-42. https://doi.org/10.1161/CIRCULATIONA
HA.114.013255.

16. Marstrand P, Han L, Day SM, Olivotto |, Ho CY. Hypertrophic
cardiomyopathy with left ventricular systolic dysfunction: insights from the
SHaRe Registry. Circulation. 2020;141(17):1383. https;//doi.org/10.1161/
CIRCULATIONAHA.119.044366.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12916-021-02219-7
https://doi.org/10.1186/s12916-021-02219-7
https://doi.org/10.1016/j.jacc.2015.01.019
https://doi.org/10.1016/j.jacc.2020.04.045
https://doi.org/10.1016/j.jacc.2020.04.045
https://doi.org/10.1136/hrt.2003.031161
https://doi.org/10.1136/hrt.2003.031161
https://doi.org/10.1016/j.amjcard.2006.05.063
https://doi.org/10.1161/CIR.0b013e31829e8776
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1161/CIR.0000000000000490
https://doi.org/10.1161/CIR.0000000000000490
https://doi.org/10.1136/heartjnl-2020-317701
https://doi.org/10.1136/heartjnl-2020-317701
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/s41569-020-0363-2
https://doi.org/10.1038/s41569-020-0363-2
https://doi.org/10.1161/CIR.0000000000000509
https://doi.org/10.1016/S0140-6736(03)14285-7
https://doi.org/10.1056/NEJMoa1313731
https://doi.org/10.1161/CIRCULATIONAHA.114.013255
https://doi.org/10.1161/CIRCULATIONAHA.114.013255
https://doi.org/10.1161/CIRCULATIONAHA.119.044366
https://doi.org/10.1161/CIRCULATIONAHA.119.044366

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study cohort
	Recognition of HFpEF
	Genotyping
	Outcomes
	Statistical analysis

	Results
	Clinical characteristics of the study cohort
	Cumulative incidence of adverse events according to HF phenotypes
	Independent association between HFpEF and poor prognosis
	Sensitivity analysis
	Genetic characteristics of HFpEF in HCM

	Discussion
	Study limitation
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

