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BEEAF, Score: A New Risk Stratification

Score for Patients With Stage B
Heart Failure From the KUNIUMI Registry
Chronic Cohort

Susumu Odajima @, MD, PhD; Wataru Fujimoto, MD; Misa Takegami (2, PhD; Kunihiro Nishimura 2, PhD;
Masamichi lwasaki, MD, PhD; Masanori Okuda 2, MD, PhD; Akihide Konishi, MD, PhD;

Masakazu Shinohara @, MD, PhD; Manabu Nagao @, MD, PhD; Ryuiji Toh, MD, PhD; Ken-ichi Hirata, MD, PhD;
Hidekazu Tanaka 2, MD, PhD

BACKGROUND: Stage B heart failure (HF) refers to structural heart disease without signs or symptoms of HF, so that early in-
tervention may delay or prevent the onset of overt HF. However, stage B HF is a very broad concept, and risk stratification of
such patients can be challenging.

METHODS AND RESULTS: We conducted a prospective study of data for 1646 consecutive patients with HF from the KUNIUMI
(Kobe University Heart Failure Registry in Awaji Medical Center) registry chronic cohort. The definition of HF stages was
based on current guidelines for classification of 29 patients as stage A HF, 761 as stage B HF, 827 as stage C HF, and 29
patients as stage D HF. The primary end point was the time-to-first-event defined as cardiovascular death or HF hospitaliza-
tion within 2.0years of follow-up. A maximum of 6 adjustment factor points was assigned based on Cox proportional hazards
analysis findings for the hazard ratio (HR) of independent risk factors for the primary end point: 1 point for anemia, estimated
glomerular filtration rate <45mlL/minper 1.73m?, brain natriuretic peptide >150pg/mL, and average ratio of early transmitral
flow velocity to early diastolic mitral annular velocity >14, and 2 points for clinical frailty scale >3. Patients with stage B HF
were stratified into 3 groups, low risk (O—1 points), moderate risk (2—3 points), and high risk (4—6 points). Based on this scoring
system (BEEAF, [brain natriuretic peptide, estimated glomerular filtration rate, ratio of early transmitral flow velocity to early
diastolic mitral annular velocity, anemia, and frailty]), the outcome was found to become worse in accordance with risk level.
High-risk patients with stage B HF and patients with stage C HF showed similar outcomes.

CONCLUSIONS: Our scoring system offers an easy-to-use evaluation of risk stratification for patients with stage B HF.

Key Words: echocardiography ® preclinical heart failure m risk stratification m stage B heart failure

based on structural changes and symptoms.!
This classification emphasizes the development
and progression of the disease and can be used to
describe both individuals and populations and ad-
vancement of severity of HF in corresponding order.?

Heart failure (HF) is classified into stages A to D

Because HF is considered a progressive disorder that
can be represented as a clinical continuum, individuals
at a particular HF stage require specific management
with the long-term goal of avoiding HF progression.
Stage B HF refers to structural heart disease without
signs or symptoms of HF. Transition from stage B to C
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CLINICAL PERSPECTIVE
What Is New?

We created an easy-to-use scoring system for
predicting cardiovascular death or heart failure
(HF) hospitalization for patients with stage B HF.

e Stratification of the patients with stage B HF into
3 groups (low risk, moderate risk, and high risk)
based on our scoring system showed that the
outcome became worse in order of risk level.

e High-risk patients with stage B HF and patients
with stage C HF showed similar outcomes; the
assessment of frailty was necessary for patients
with stage B HF.

What Are the Clinical Implications?

e High-risk patients with stage B HF require closer
follow-up and strict lifestyle control.

e |t is necessary to treat high-risk patients with
stage B HF in a manner similar to that for pa-
tients with stage C HF.

e Cardiac rehabilitation is desirable for high-risk
patients with stage B HF.

Nonstandard Abbreviations and Acronyms

E early transmitral flow velocity
e’ early diastolic mitral annular velocity

KUNIUMI Kobe University Heart Failure Registry
in Awaji Medical Center

SGLT sodium glucose cotransporter

HF portends a 5-fold increase in mortality risk for both
men and women,? but early intervention may delay or
prevent the onset of overt HF for patients with stage
B HF. This has led to closer attention to screening re-
sults for high-risk patients with stage B HF because
of growing interest in addressing stage B HF as the
best way to prevent eventual progression to clinical
HF. However, stage B HF is a very broad concept,® so
that risk stratification of patients with stage B HF can
be challenging. We therefore designed and conducted
a single-center prospective cohort study to create a
scoring system for predicting cardiovascular death or
HF hospitalization of patients with stage B HF.

METHODS

Study Design and Population

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request. The KUNIUMI (Kobe University
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Heart Failure Registry in Awaji Medical Center) reg-
istry chronic cohort is a community-based, single-
center, prospective, observational study of chronic HF
on Awaji Island, Japan. The island is a semienclosed
area with a low migration rate, so that incidence and
follow-up data can be compared with previous reg-
istry data for superior quality results. A total of 1646
consecutive patients with HF, accounting for 1.3% of
the population of Awaiji Island, were prospectively en-
rolled in this study between March 2019 and March
2021. Written informed consent was obtained. This
study was approved by the local ethics committee
of our institution in conformity with the Declaration
of Helsinki (Approval No. 21-20, 5 October 2018) and
registered with the Japan Registry of Clinical Trials
(JRCT1050200024).

Definition of Stages of HF

The definition of HF stages was based on the 2022
American Heart Association/American College of
Cardiology/Heart Failure Society of America guideline
for the management of HF.® Stage A HF was defined
as at risk for HF and includes hypertension, athero-
sclerotic cardiovascular disease, diabetes, metabolic
syndrome and obesity, exposure to cardiotoxic agents,
genetic variant for cardiomyopathy, or positive fam-
ily history of cardiomyopathy but without symptoms,
structural heart disease, or cardiac biomarkers of
stretch or injury. Stage B HF was defined as no symp-
toms or signs of HF and evidence of 1 of the follow-
ing criteria: left ventricular (LV) wall thickness >12 mm,
relative wall thickness >0.42, LV mass index >116 g/m?
(men)/95 (women)g/m?, LV wall motion abnormalities,
left atrial volume index =29 mL/m?, E (early transmitral
flow velocity)/e’ (early diastolic mitral annular velocity)
>15 (average), €’ <7 cm/s (septal), e’ <10cm/s (lateral),
tricuspid regurgitation velocity >2.8m/s, estimated
pulmonary artery systolic pressure >35mmHg, brain
natriuretic peptide (BNP) >35pg/mL, and more than
moderate valvular heart disease. Stage C HF was de-
fined as structural heart disease with current or pre-
vious symptoms of HF.* Stage D HF was defined as
marked HF symptoms that interfere with daily life and
with recurrent hospitalizations despite attempts to op-
timize guideline-directed medical therapy. Of the 1646
consecutive patients with HF enrolled in our study, 29
were ascertained as stage A HF, 761 as stage B HF,
827 as stage C HF, and 29 as stage D HF.

Echocardiographic Examination

All echocardiographic examinations were performed
with commercially available ultrasound systems, and
standard echocardiographic measurements were
obtained in accordance with the current guidelines
of the America Society of Echocardiography.® All
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echocardiographic examinations were performed by
senior echocardiologists or sonographers.

A Risk Stratification Model for Patients
With Stage B HF

For this study, we created a risk stratification model,
comprising medical history, laboratory data, and echo-
cardiographic parameters, for predicting the primary
end point for patients with stage B HF. Specifically, this
model consisted of 30 items that were selected in con-
sultation with several cardiologists specializing in HF, fo-
cusing on items that are common and frequently used
in a real-world clinical practice divided into 3 groups: (1)
medical history consisting of age, sex, body mass index,
clinical frailty scale, heart rate, history of hypertension,
diabetes, dyslipidemia, atrial fibrillation, percutane-
ous coronary intervention, peripheral arterial disease,
stroke and cardiac surgery, and use of f-blockers,
renin-angiotensin-aldosterone system-inhibitors, statin,
sodium glucose cotransporter (SGLT2) inhibitors and
insulin; (2) laboratory data consisting of hemoglobin, al-
bumin, estimated glomerular filtration rate (eGFR), BNP,
and troponin-I; and (8) echocardiographic parameters
consisting of relative wall thickness, LV mass index, LV
gjection fraction, left atrial volume index, E/e’ (average),
tricuspid regurgitation velocity, and valvular disease. The
validity of this model was determined by using a receiver
operating characteristic curve analysis.

Definition of Primary End Ppoint

The primary end point was the time-to-first-event de-
fined as a composite of cardiovascular death or HF
hospitalization within 2.0years of follow-up.

Statistical Analysis

Continuous variables were expressed as mean values
with corresponding SDs for normally distributed data
and as medians with corresponding interquartile range
for nonnormally distributed data. Categorical variables
were expressed as frequencies and percentages. The
parameters of the 3 subgroups were compared using
Student’s t test for continuous variables and a x° test
for categorical variables. Proportional differences were
evaluated with Fisher’'s exact test. The associations of
clinical parameters with primary end point for patients
with stage B HF were analyzed by means of linear lo-
gistic regression models for univariable and multivariable
analysis. For the selection of independent variables for
entry into the multivariable model, Pearson’s correla-
tion analyses between independent variables were per-
formed in advance to avoid multicollinearity. Variables
with a univariable value of P<0.05 were incorporated
into the multivariable analysis. Time-to-event data for the
composite of cardiovascular death or HF hospitalization
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were evaluated using Cox proportional hazard analysis
to calculate HRs, 95% ClI, and 2-sided P values. To cre-
ate a risk stratification score for patients with stage B
HF, univariable and multivariable Cox proportional haz-
ards analysis was performed to predict the primary end
point for patients with stage B HF by using the afore-
mentioned risk stratification model with the categorical
variables based on the cutoff value for predicting the pri-
mary end point obtained by means of receiver operating
characteristic curve analysis. Adjustment factor points
were assigned by taking the HR of the independent risk
factors for the primary end point into consideration. For
all steps, a P value of <0.05 was considered statistically
significant. All analyses were performed with a com-
mercially available software (MedCalc software version
19.0.7; MedCalc Software, Mariakerke, Belgium).

RESULTS

Baseline Characteristics and Prognosis of
Patients With Stage A-D HF

The baseline characteristics of all 1646 patients are sum-
marized in Table 1. Their mean age was 76.0+11.1years
and 1084 patients (65.9%) were men. The primary end
point for 2.0years was reached for 231 patients (14.1%).
As expected, the Kaplan—Meier curve representing the
primary end point showed that patients with a more
advanced stage of HF showed a worse prognosis
(Figure 1). The cumulative incidence of the primary end
point at 2.0years for patients with stage A, B, C, and D
HF was 0%, 5.0%, 21.3%, and 58.6%, respectively.

Baseline Characteristics of Patients With
Stage B HF

The baseline characteristics of 761 patients with stage
B HF are summarized in Table 2. Their mean age was
73.2+10.4years, and 558 patients (73.3%) were men.
The primary end point of for 2.0years was reached for
38 patients (5.0%). Patients who reached the primary
end point were more likely to be older (79.0+10.2 ver-
sus 72.8+10.3years, P<0.01), have a lower body mass
index (22.1+3.7 versus 23.4+3.5kg/m?, P=0.02), be
rated higher on the clinical frailty scale (4.1+1.3 ver-
sus 3.2+0.6, P<0.01), and have a higher heart rate
(76.6+12.4 versus 71.4+12.6, P=0.01), lower prevalence
of dyslipidemia (44.7% versus 71.4%, P<0.01) and
percutaneous coronary intervention (50.0% versus
70.8%, P<0.01), higher prevalence of peripheral arterial
disease (21.1% versus 10.2%, P=0.04), stroke (26.3%
versus 5.9%, P<0.01), and cardiac surgery (36.8%
versus 11.6%, P<0.01), use fewer renin-angiotensin-
aldosterone system inhibitors (52.6% versus 72.2%,
P<0.01) and less statin (39.5% versus 71.4%, P<0.01),
and show lower levels of hemoglobin (11.9+1.8 versus
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Table 1. Baseline Characteristics of Overall Patients
Overall patients Stage A HF Stage B HF Stage C HF Stage D HF
(N=1646) (N=29) (N=761) (N=827) (N=29)
Clinical characteristics
Age, y 76.0+11.1 69.0+8.5 73.2+£10.4 78.5+11.1 85.3+8.3
Sex, men, n (%) 1084 (65.9) 27 (93.1) 558 (73.3) 486 (58.8) 13 (44.8)
Body mass index, kg/m? 22.7+4.0 244427 23.4+3.5 22.2+4.4 20.4+3.9
Clinical frailty scale 3.6+1.2 3.0+0.0 3.2+0.7 3.9+1.3 5.7+1.6
Heart rate, beats/min 72.0+12.9 741+12.8 71.7£12.6 72.0+13.0 75.5+16.5
Comorbidities, n (%)
Hypertension 1218 (74.0) 22 (75.9) 570 (74.9) 608 (73.5) 18 (62.1)
Diabetes 609 (37.0) 15 (51.7) 302 (39.7) 282 (34.1) 10 (34.5)
Dyslipidemia 885 (53.8) 27 (93.1) 533 (70.0) 317 (38.3) 8 (27.6)
Atrial fibrillation 510 (31.0) 0(0) 115 (15.1) 376 (45.5) 19 (65.5)
Peripheral arterial disease 99 (6.0) 3(10.3) 53 (7.0) 41 (5.0) 2(6.9)
Stroke 232 (14.1) 1(3.4) 98 (12.9) 130 (15.7) 3(10.3)
History of percutaneous coronary | 857 (52.1) 0 (0) 565 (74.2) 253 (30.6) 10 (34.5)
intervention
History of cardiac surgery 227 (13.8) 0 (0) 82 (10.8) 142 (17.2) 3(10.3)
Medications, n (%)
B-blockers 1094 (66.5) 8 (27.6) 465 (61.1) 599 (72.4) 22 (75.9)
Renin-angiotensin-aldosterone 1231 (74.8) 17 (58.6) 542 (71.2) 648 (78.4) 24 (82.8)
system inhibitors
Statin 863 (52.4) 22 (75.9) 531 (69.8) 301 (36.4) 9(31.0)
Sodium glucose cotransporter 2 175 (10.6) 4(13.8) 88 (11.6) 80 (9.7) 3(10.3)
inhibitor
Insulin 115 (7.0) 2(6.9) 43 (5.7) 69 (8.3 1(3.4)
Laboratory data
Hemoglobin, mg/dL 12.7£21 14.4:1.7 13.2+1.8 12.2+2.2 10.6+1.8
Albumin, mg/dL 3.7+0.5 4.2+0.9 3.9+0.4 3.6+0.6 3.0£0.6
Estimated glomerular filtration 51.6+23.6 68.4+14.4 57.7+22.6 45.7+22.9 35.1+22.3
rate, mL/minper1.73m?
Brain natriuretic peptide, pg/mL 131 (124-141) 12.8 (8.2-19.0) 64.4 (61.3-79.6) 226 (214-252) 618 (446-820)
Troponin |, ng/mL 0.018 (0.017-0.019) | 0.007 (0.006-0.010) | 0.014 (0.013-0.015) | 0.024 (0.022-0.027) 0.048 (0.033-0.105)
Echocardiographic data
Relative wall thickness 0.41+£0.11 0.38+0.03 0.41+£0.10 0.41£0.12 0.42+0.20
LV mass index, g/m? 100.2+32.2 71.4+11.2 92.3+27.1 107.5+33.4 132.6+45.8
LV ejection fraction, % 53.3+12.6 65.5+5.2 56.3+9.8 50.6+13.9 41.1+15.4
Left atrial volume index, mL/m? 45.6+28.0 22.7+4.0 35.9+18.1 54.7+32.0 66.3+29.4
Early transmitral flow velocity/e’, 13.6+6.9 8.8+1.9 11.8+5.3 156.1+7.6 20.6+9.7
early diastolic mitral annular
velocity, average
Tricuspid regurgitation velocity, m/s | 2.4+0.5 2.1+0.3 2.2+0.4 2.56+0.5 2.7£0.5
Valvular heart disease, n (%) 671 (40.8) 0(0) 180 (23.7) 467 (56.5) 24 (82.8)

Data are mean+SD for normally distributed data and median and interquartile range for nonnormally distributed data, or n (%). HF indicates heart failure; and

LV, left ventricular.

13.3+1.7mg/dL, P<0.01), albumin (3.5+0.4 versus
3.9+0.4mg/dL, P<0.01), and eGFR (34.6+24.8 ver-
sus 58.9+21.8 mL/minper 1.73m?, P<0.01), and higher
levels of BNP (218 [134-321] versus 64.3 [568.2-75.9])
pg/mL, P<0.01) and troponin | (0.028 [0.019-0.051]
versus 0.013 [0.012-0.014])ng/mL, P<0.01). In terms of
echocardiographic parameters, patients who reached

the primary end point were more likely to show a
higher LV mass index (106.6+38.0 versus 91.6+26.2g/
m?, P<0.01), left atrial volume index (42.2+25.0 versus
35.6+17.6mL/m?, P=0.03), E/e’ (average; 16.0+6.8 ver-
sus 11.6+5.2, P<0.01), tricuspid regurgitation velocity
(2.4+0.4 versus 2.2+0.4m/s, P=0.02), and prevalence
of valvular heart disease (50.0% versus 22.3%, P<0.01).
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Stage A HF

80—

60—

Stage B HF Log-rank P<0.01

HR, 4.67 (95% CI, 3.60-6.08)

Log-rank P < 0.01
HR, 2.89 (95% CI, 1.03-8.12)

401—

Event-free survival (%)

20—

0= ! !

0 0.5 1.0

Time (years)
Number at risk

Stage AHF 29 29 29
Stage B HF 761 750 740
827 758 709
29 18 15

1.5 2.0
29 29
729 723
680 651
15 12

Figure 1. Kaplan-Meier curve representing the primary end point for patients with stage A-D HF, showing that the more
advanced the stage of HF is, the worse the prognosis for patients with HF becomes.

HF indicates heart failure; and HR, hazard ratio.

Validity of the Risk Stratification Model for
Patients With Stage B HF

The risk stratification model for predicting the primary
end point for patients with stage B HF developed in
this study consists of 30 items, comprising medical
history, laboratory data, and echocardiographic pa-
rameters. The validity of this model was determined by
means of receiver operating characteristic curve analy-
sis (Figure 2). Area under the curve of this model was
0.86 (95% Cl, 0.83-0.88).

Associations of Clinical Parameters With
Primary End Point for Patients With Stage
B HF

Table 3 shows univariable and multivariable Cox pro-
portional hazards analysis for predicting the primary
end point for patients with stage B HF using the strati-
fication model described in the preceding paragraph
with the addition of the following categorical vari-
ables: clinical frailty >3, anemia (hemoglobin <13mg/
dL for men/12mg/dL for women), eGFR <45 mL/min
per1.73m?, BNP >150pg/mL, and E/e’ (average) >14.
These variables were determined to be the independ-
ent risk factors for patients with stage B HF to reach
the primary end point.

To devise a scoring system for predicting the pri-
mary end point for patients with stage B HF, a total

J Am Heart Assoc. 2024;13:e034793. DOI: 10.1161/JAHA.124.034793

of 6 adjustment factor points were assigned by tak-
ing the HR of the independent risk factors for reaching
the primary end point into consideration: 1 point was
scored for anemia, eGFR <45mL/minper1.73m?, BNP
>150pg/mL, and E/e’ (average) >14, and 2 points for
clinical frailty scale >3 (Table 3). These findings were
then used to categorize patients with stage B HF into 3
groups: low risk (O—1 points), moderate risk (2—3 points)
and high risk (4-6 points). The cumulative incidence of
reaching the primary end point at 2.0years was 0.6%
for low-risk, 6.4% for moderate-risk and 26.7% for
high-risk patients. Figure 3 shows the Kaplan—Meier
curves representing the primary end point for low-risk,
moderate-risk and high-risk patients with stage B HF,
showing that outcomes for moderate-risk patients
with stage B HF were better than for high-risk patients
with stage B HF but worse than for low-risk patients,
whereas the HRs for reaching the primary end point
for moderate-risk and high-risk patients were as high
as 10.6 and 49.5, respectively. It was noteworthy that
the Kaplan—Meier curves revealed that high-risk pa-
tients with stage B HF and all patients with stage C
HF showed similar outcomes (Figure 4). Kaplan—Meier
survival curves for individual cardiovascular events
such as cardiovascular death and HF hospitalization
are shown in Figures S1 and S2. Figure 5 summarizes
the results of this scoring system for risk stratification of
patients with stage B HF (BEEAF, score: BNP, eGFR,
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Table 2. Baseline Characteristics of Patients With Stage B HF

Risk Stratification Score for Stage B HF

Overall patients Patients without Patients with
with stage B HF primary end point primary end point
(N=761) (N=723) (N=38) P value
Clinical characteristics
Age, y 73.2+10.4 72.8+10.3 79.0+10.2 <0.01
Sex, men, n (%) 558 (73.3) 535 (74.0) 23 (60.5) 0.07
Body mass index, kg/m? 23.4+3.5 23.4+3.5 221+3.7 0.02
Clinical frailty scale 3.2+0.7 3.2+0.6 41£1.3 <0.01
Heart rate, beats/min 71.7€12.6 71.4+12.6 76.6+12.4 0.01
Comorbidities, n (%)
Hypertension 570 (74.9) 543 (75.1) 27 (71.1) 0.57
Diabetes 302 (39.7) 286 (39.6) 16 (42.1) 0.75
Dyslipidemia 533 (70.0) 516 (71.4) 17 (44.7) <0.01
Atrial fibrillation 115 (15.1) 107 (14.8) 8 (21.1) 0.29
Peripheral arterial disease 82 (10.8) 74 (10.2) 8(21.1) 0.04
Stroke 53 (7.0) 43(5.9) 10 (26.9) <0.01
History of percutaneous coronary intervention 565 (74.2) 512 (70.8) 19 (50.0) <0.01
History of cardiac surgery 98 (12.9) 84 (11.6) 14 (36.8) <0.01
Medications, n (%)
B-blockers 465 (61.1) 446 (61.7) 19 (50.0) 0.15
Renin-angiotensin-aldosterone system inhibitors 542 (71.2) 522 (72.2) 20 (52.6) <0.01
Statin 531 (69.8) 516 (71.4) 15 (39.5) <0.01
Sodium glucose cotransporter 2 inhibitor 88 (11.6) 87 (12.0) 1(2.6) 0.08
Insulin 43 (5.7) 39 (5.4) 4 (10.5) 0.18
Laboratory data
Hemoglobin, mg/dL 13.2+1.8 13.3+1.7 11.9+1.8 <0.01
Albumin, mg/dL 3.9+0.4 3.9+0.4 3.6+0.4 <0.01
Estimated glomerular filtration rate, mL/minper 1.73m? 57.7+22.6 58.9+21.8 34.6+24.8 <0.01
Brain natriuretic peptide, pg/mL 64.4 (61.3-79.6) 64.3 (68.2-75.9) 218 (134-321) <0.01
Troponin |, ng/mL 0.014 (0.013-0.015) 0.013 (0.012-0.014) 0.028 (0.019-0.051) <0.01
Echocardiographic data
Relative wall thickness 0.41+0.10 0.41+0.10 0.44+0.09 0.08
LV mass index, g/m? 92.3+27.1 91.6+26.2 106.6+38.0 <0.01
LV ejection fraction, % 56.3+9.8 56.4+£9.6 55.7+12.3 0.69
Left atrial volume index, mL/m? 35.9+18.1 35.6+17.6 42.2+25.0 0.03
Early transmitral flow velocity/early diastolic mitral annular 11.8+5.3 11.6+5.2 16.0+6.8 <0.01
velocity (average)
Tricuspid regurgitation velocity, m/s 2.2+0.4 2.2+0.4 2.4+0.4 0.02
Valvular heart disease, n (%) 180 (23.7) 161 (22.3) 19 (50.0) <0.01

Data are mean+SD for normally distributed data and median and interquartile range for nonnormally distributed data, or n (%). HF indicates heart failure; and

LV, left ventricular.

E/e’ and anemia assigned for 1 point, and frailty as-
signed for 2 points).

DISCUSSION

Our study based on the KUNIUMI registry chronic co-
hort findings provides an easy-to-use scoring system
(BEEAF, score) for predicting cardiovascular death or
HF hospitalization for patients with stage B HF.

J Am Heart Assoc. 2024;13:e034793. DOI: 10.1161/JAHA.124.034793

Importance of Risk Stratification for
Stage B HF

A previous population cohort study published in 2007
reported that the 5-year survival rates for patients with
stages A, B, C, and D HF were 97%, 96%, 75%, and
20%, respectively.? For our prospective cohort study
of consecutive patients with HF, we examined the oc-
currence of cardiovascular death or HF hospitalization
over a 2-year period. We focused mainly on patients
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with stage B HF, using data from the KUNIUMI regis-
try chronic cohort enrolled between March 2019 and
March 2021. Our findings show that the cumulative
incidence of cardiovascular death or HF hospitali-
zation at 2.0years for patients with stage B HF was
5.0%. Some patients with stage B HF reached car-
diovascular death or HF hospitalization, although the
percentage was not high. An accurate identification of
high-risk patients from among those with stage B HF
is therefore important, but such a risk stratification of
patients with stage B HF can be challenging. Previous
reports have dealt with independent prognostic fac-
tors for patients with stage B HF using biomarkers
such as BNP and cardiac troponin 18 and echocardio-
graphic parameters such as LV mass index,” LV ejec-
tion fraction® and global longitudinal strain.® However,
most of the studies focused on an individual param-
eter so that specific algorithms of risk stratification for
patients with stage B HF may be needed because
stage B HF represents a very broad concept. Our
scoring system (the BEEAF, score) was established
as a result of this study and is composed of param-
eters frequently used in real-world clinical practice for
predicting cardiovascular death or HF hospitalization
for patients with stage B HF, and proved to be suc-
cessful for stratifying risk.

How to Use Our Risk Stratification Score
for Stage B HF and Perspectives for
Future Applications

Stratification of patients with stage B HF into 3 groups
(low risk, moderate risk, and high risk) based on our
scoring system (BEEAF, score) showed that the out-
come became worse in order of risk level. That is to
say, high-risk patients with stage B HF require closer
follow-up and strict lifestyle control. As to the fre-
quency of follow-up, high intensity follow-up might
be needed in high-risk stage B HF. In STRONG-HF
(Safety, Tolerability and Efficacy of Rapid Optimization,
Helped by NT-ProBNP [N-Terminal Pro-Brain
Natriuretic Peptide] Testing, of Heart Failure Therapies)
trial, an intensive treatment strategy of rapid uptitration
of guideline-directed medication and close follow-up
after an acute HF admission reduced the risk of 180-
day all-cause death or HF readmission compared with
usual care.'® In addition, sufficient time should be spent
to help the patient understand his or her own current
level of risk and to improve the patient’s willingness
and compliance to treatment. As to lifestyle control,
for example, blood pressure of patients with high-risk
stage B HF should be more strictly controlled in ac-
cordance with published clinical practice guidelines.
Similarly, SGLT2 inhibitors may be effective for high-
risk patients with diabetes complicated by stage B HF
because of their proven effectiveness for prevention of
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Figure 2. Receiver operating characteristic curve analysis
of the risk stratification model for predicting primary end
point for stage B heart failure.

AUC indicates area under the curve; and ROC, receiver operating
characteristic. The dark blue line shows the ROC curve, and the
light blue lines show the 95% confidence bounds.

HF hospitalization of patients with diabetes and either
an established cardiovascular disease or at high car-
diovascular risk.!2

Outcomes were similar for high-risk patients with
stage B HF and patients with stage C HF enrolled in
this study. It may thus be necessary to treat high-risk
patients with stage B HF, and especially those with risk
factors incorporated in the BEEAF, score, in a manner
similar to that for patients with stage C HF. For exam-
ple, because SGLT2 inhibitors and finerenone have
proved to be useful for reducing the risk of HF hospi-
talization for patients with diabetes and chronic kidney
disease,’®' the aggressive use of these medications
should be considered for high-risk patients with stage
B HF with diabetes and chronic kidney disease. In
addition, high-risk patients with stage B HF with LV
diastolic dysfunction may be treated with SGLT2 inhib-
itors, and iron deficiency anemia may be aggressively
corrected in such patients.

It is well known that frailty is associated with a poor
prognosis for patients with HF,'® and it has also been
reported that frailty increases the incidence of HF in
the general population.'®'” Furthermore, frailty and
HF reportedly share some underlying mechanisms,
symptoms, and manifestations, among them chronic
inflammation and oxidative stress, sarcopenia and
skeletal muscle weakness, as well as impaired car-
diorespiratory and physical performance.’® Meng et al
reported that frail patients with stage B HF have a
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Table 3. Univariable and Multivariable Cox Proportional Hazards Analysis for Predicting Primary End Point in Patients With
Stage B HF Using Stratification Model With Categorical Variable

Univariate Multivariate
Adjustment

Covariate HR 95% ClI Pvalue | HR 95% ClI P value factor points
Age >80y 2.36 1.25-4.45 <0.01
Sex, men, n (%) 0.55 0.29-1.06 0.07
Body mass index <18.5kg/m? 3.09 1.36-7.05 <0.01
Clinical frailty scale >3 9.09 4.74-17.4 <0.01 417 1.98-8.76 <0.01 2
Heart rate >80beats/min 214 1.12-4.10 0.02
Hypertension 0.81 0.40-1.64 0.56
Diabetes 1.1 0.568-2.12 0.75
Dyslipidemia 0.33 0.18-0.63 <0.01
Atrial fibrillation 1.58 0.70-3.33 0.29
Peripheral arterial disease 2.31 1.06-5.05 0.04
Stroke 517 2.51-10.6 <0.01
History of percutaneous coronary intervention 0.42 0.22-0.79 <0.01
History of cardiac surgery 4.23 2.19-8.18 <0.01
Use of B-blockers 0.27 0.14-0.52 <0.01
Use of renin-angiotensin-aldosterone system inhibitors 0.63 0.33-1.18 015
Use of statin 0.44 0.23-0.83 0.01
Use of sodium glucose cotransporter 2 inhibitors 0.20 0.03-1.48 0.12
Use of insulin 2.02 0.72-5.68 0.18
Hemoglobin <13mg/dL (men)/12mg/dL (women) 5.35 2.60-11.0 <0.01 2.57 1.12-5.91 0.03 1
Albumin <3.5mg/dL 4.34 2.30-8.20 <0.01
Estimated glomerular filtration rate <45mL/minper 1.73m? 5.19 2.72-9.88 <0.01 2.63 1.29-5.36 <0.01 1
Brain natriuretic peptide >150pg/mL 5.43 2.81-10.5 <0.01 2.23 1.08-4.59 0.03 1
Troponin | 20.03ng/mL 3.85 2.02-7.34 <0.01
Relative wall thickness >0.42 1.83 0.97-8.47 0.06
LV mass index >116g/m? (men)/95g/m? (women) 2.43 1.26-4.69 <0.01
LV ejection fraction <560% 1.50 0.75-3.03 0.25
Left atrial volume index >40mL/m? 1.63 0.85-3.12 0.14
Early transmitral flow velocity/early diastolic mitral annular 4.35 2.27-8.34 <0.01 2.30 1.09-4.81 0.03 1
velocity >14 (average)
Tricuspid regurgitation velocity >2.8m/s 3.16 1.23-8.14 0.02
Valvular heart disease, n (%) 3.35 1.77-6.33 <0.01
Total score 6 points

HF indicates heart failure; HR; hazard ratio; and LV, left ventricular.

higher incidence of all-cause mortality or HF rehos-
pitalization.'® Although most instruments for the as-
sessment of frailty are time consuming and require
physical measurements, the clinical frailty scale is a
very simple frailty assessment tool that is practical in
busy clinical settings.?° Clinical frailty scale has been
also shown to correlate with mortality in patients with
cardiovascular diseas.?"?? In our study, we were able
to show that a clinical frailty scale of 3 points was
an independent predictor of the primary end point for
patients with stage B HF. Baseline characteristics of
patients with stage B HF according to clinical frailty
scale (3 points or >3 points) are shown in Table S1.
This table indicates that assessment of frailty may

J Am Heart Assoc. 2024;13:e034793. DOI: 10.1161/JAHA.124.034793

be necessary for patients with stage B HF, especially
high-risk patients, and cardiac rehabilitation may also
be desirable for such patients. These various mea-
sures for high-risk patients with stage B HF discussed
here are only suggestions, and future clinical studies
are needed to determine whether these interventions
for high-risk patients with stage B HF can reduce the
risk of conversion to stage C HF.

Study Limitations

This study is a single-center study and the number
of patients who reached the primary end point was
small; therefore, future studies of larger number of
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Low-risk (0—1 points)
Log-rank P <0.01

100 :l
HR, 10.6 (95% CI, 4.98-22.4)
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80 [— HR, 4.69 (95% CI, 1.43-15.4)
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Event-free survival (%)
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Low-risk (01 points) 486 484 484 483 483
189 186 183 181 177
High-risk (4-6 points) 86 80 73 65 63

Figure 3. Kaplan-Meier curve representing the primary end point for low-risk, moderate-risk, and high-risk patients
with stage B HF, showing that outcomes for moderate-risk patients with stage B HF were better than for high-risk
patients but worse than for low-risk patients.

HF indicates heart failure; and HR, hazard ratio.

patients from several centers will be needed to vali- used in this study are low because this study was
date our findings. Moreover, the prescription rates of ~ conducted before these drugs had been fully ap-
sacubitril/valsartan, SGLT2 inhibitors, and finerenone  proved in Japan.

100f—
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827 758 709 680 651

Figure 4. Kaplan-Meier curve representing the primary end point for high-risk patients with stage B HF and patients
with stage C HF, showing similar outcomes.
HF indicates heart failure; and HR, hazard ratio.
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Risk factors of stage B HF

Risk score
for cardiovascular death and HF hospitalization| (BEEAF, score)

Hazard ratio

Risk stratification .
(vs Low risk)

BNP > 150 pg/mL

Low-risk

(0-1 points) Reference

eGFR <45 ml/min/1.73m?

HR:10.6

E/e' (average) > 14

(95% CI, 4.98-22.4)

Anemia; hemoglobin
< 13 mg/dL (male) / 12 mg/dL (female)

High-risk HR: 49.5

Frail; Clinical Frailty Scale >3

(4-6 points) (95% CI, 16.9-145)

Figure 5. Summary of our scoring system (BEEAF, score) for evaluation of risk stratification of patients

with stage B HF.

BEEAF, indicates BNP, eGFR, E/e’, anemia, and frailty; BNP, brain natriuretic peptide; E/e’, ratio of early transmitral
flow velocity to early diastolic mitral annular velocity; eGFR, estimated glomerular filtration rate; HF, heart failure;

and HR, hazard ratio.

CONCLUSIONS

Our scoring system (BEEAF, score) provides an easy-
to-use evaluation of risk stratification for patients with
stage B HF.
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