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Abstract

Aims The guideline-directed medical therapy (GDMT) has been recommended for heart failure (HF) with reduced ejection
fraction (HFrEF) based on the accumulating clinical evidence. However, it is difficult to implement all the trial-proven medica-
tions for every patient in the real world.
Methods and results A simple GDMT score was created, according to the combination of GDMT drugs (renin–angiotensin
system inhibitors, beta-blockers, mineralocorticoid receptor antagonists, and sodium–glucose transporter 2 inhibitors) admin-
istration and their dosage (0–9 points). Its impact on the prognosis of HF patients was investigated. Admitted HF patients
[HFrEF and HF with mildly reduced ejection fraction (HFmrEF), n = 1054] were retrospectively analysed (excluding those with
in-hospital death and dialysis). A simple GDMT score ≥5, but not the number of medications, was significantly associated with
a reduction of all-cause death, HF readmission, and composite outcome (HF readmission and all-cause death) (P < 0.001).
Subgroup analysis showed that almost all groups with a simple GDMT score of 5 or higher had a better prognosis.
Conclusions The developed simple GDMT score was associated with prognosis in HFrEF and HFmrEF patients. Even if all four
drugs cannot be introduced for some reason, a regimen with a simple GDMT score ≥5 may lead to a prognosis in HF patients.
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Introduction

Guideline-directed medical therapy (GDMT) for heart failure
(HF), particularly HF with reduced ejection fraction (HFrEF),
has progressed dramatically in recent years. Indeed,
angiotensin receptor neprilysin inhibitor (ARNI) showed a
significant benefit in the PARADIGM trial.1 The benefit of
sodium–glucose transporter 2 (SGLT2) inhibitors is also
established in EMPEROR-Reduced2 and Dapagliflozin and
Prevention of Adverse Outcomes in Heart Failure (DAPA-HF)3

trials. The combination of ARNI, SGLT2 inhibitors, together
with the beta-blocker (BB) and mineralocorticoid receptor
antagonist (MRA) that have been shown to be useful, is
known as the ‘fantastic 4’.4,5 Each of these drugs is classified

as Class I recommendation in HFrEF in national guidelines,6–8

and several analyses have shown the efficacy of the combina-
tion of these four drugs.9,10 The global recommendation is to
aim for a four-drug regimen in HFrEF patients whenever
possible. In practice, however, the implementation of GDMTs
is still inadequate, as shown by the registry studies (CHAMP-
HF11 and EVOLUTION-HF12). The GUIDE-IT trial also reported
that despite a protocol-driven approach, optimal GDMT could
not be achieved.13 In actual clinical practice, we often face
with the difficulty of fully implementing GDMT because of
the individual problems in each patient, such as hypotension,
bradycardia, renal function, and electrolyte abnormalities,
which are the reasons why GDMT is not fully implemented.
In recent years, scoring methods have been proposed for
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the implementation of these GDMTs to adjust patient back-
ground and thus clarify the significance of newly added drugs
in large clinical trials. The use of the optimal medical therapy
(OMT) score developed by the Heart Failure Collaboratory
and the Academic Research Consortium14–16 and, more
recently, the new GDMT score including SGLT2 inhibitors,
vericiguat, and ivabradine has been recommended.17 How-
ever, there are few reports on how such scoring systems
themselves relate to the prognosis of HF patients. In this
study, we developed a simple GDMT score, which is a modifi-
cation of the previously proposed GDMT score,17 and investi-
gated whether this score is related to the prognosis of HF
patients. The rationale for proposing a simple GDMT score
in the present study was to provide a practical and easily
applicable scoring system that could be readily implemented
in clinical practice. Because the GDMT score previously
proposed by the Heart Failure Collaboratory and the
Academic Research Consortium is valuable and based on
rigorous analysis, the aim of the present study was to create
a simpler scoring system that could effectively guide clinicians
in the initiation of GDMTs.

Materials and methods

Simple guideline-directed medical therapy score

We created a simple GDMT score based on previously pro-
posed GDMT scores.17 First, vericiguat and ivabradine were
excluded from this study because sample size was very small

(only a few cases), and hydralazine/nitrates were excluded
because they cannot be prescribed in Japan. Renin–angioten-
sin system (RAS) inhibitors were scored 0 if not initiated, 1 if
<50% of target dose, and 2 if 50–100% of target dose; ARNIs
were scored 3 regardless of dose; BBs were scored 0 if not
initiated, 1 if <50% of target dose, and 2 if 50–100% of target
dose; and MRAs and SGLT2 inhibitors were scored 0 if not ini-
tiated and 2 if initiated regardless of dose. MRAs and SGLT2
inhibitors were scored 0 if not initiated and 2 if initiated re-
gardless of dose, resulting in a total score of 0–9 (Figure 1A).

Study design

This is a single-centre, retrospective cohort study to deter-
mine whether the GDMT scoring system is useful in
predicting prognosis in acute decompensated HF (ADHF)
patients. We retrospectively analysed 1782 consecutive
patients with ADHF at our hospital from April 2015 to March
2022. ADHF was diagnosed according to Framingham’s HF
criteria.18 One thousand fifty-four patients with HFrEF and
HF with mildly reduced ejection fraction (HFmrEF) were se-
lected, excluding 61 patients who died in hospital, 53 patients
on dialysis, and 614 patients with HF with preserved ejection
fraction (HFpEF) (Table 1).

First, the simple GDMT score was calculated in these
patients. Then, the association with clinical outcomes
(composite outcome: HF readmission or all-cause death, HF
readmission, and all-cause death) was examined. Based on
the cut-off value of the relationship between the composite
outcome and the simple GDMT score, patients were divided

Figure 1 (A) Design of simple guideline-directed medical therapy (GDMT) score. (B) Receiver operating characteristic curve of association between
simple GDMT score and the composite outcome. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor neprilysin inhibitor; AUC, area under curve; CI, confidence interval; MRA, mineralocorticoid receptor antagonist; RASi, renin–angiotensin
system inhibitor; SGLT2i, sodium–glucose transporter 2 inhibitor.
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Table 1 Characteristics of total patients

Total (n = 1054)

Backgrounds
Age (years) 75.2 ± 14.0
Male (%) 688 (65.3)
BNP (pg/mL) 1094.1 ± 1101.4
NYHA class 3.0 ± 0.7
NYHA 1–2 (%) 203 (19.3)
NYHA 3 (%) 569 (54.0)
NYHA 4 (%) 282 (26.8)

EF (%) 30.9 ± 10.3
HFrEF (%) 784 (74.6)
HFmrEF (%) 270 (25.4)
Hx of HF (%) 319 (30.3)
ICM (%) 418 (39.7)
sBP (mmHg) 139.4 ± 34.5
dBP (mmHg) 84.1 ± 24.2
HR (b.p.m.) 94.8 ± 26.5
BMI (kg/m2) 23.3 ± 13.8

Comorbidity
AF (%) 433 (41.1)
DM (%) 373 (35.4)
COPD (%) 71 (6.7)
Pneumonia (%) 134 (12.7)

Laboratory data
BUN (mg/dL) 29.3 ± 17.5
Cr (mg/dL) 1.55 ± 1.23
eGFR (mL/min/1.73 m2) 44.9 ± 22.2
UA (mg/dL) 6.9 ± 2.2
Na (mmol/L) 139.0 ± 4.4
K (mmol/L) 4.37 ± 0.73
Hb (g/dL) 12.3 ± 2.5
Alb (g/dL) 3.5 ± 0.5

In-hospital use
Vasodilator (%) 244 (23.2)
Carperitide 155 (14.7)
Loop diuretics (%) 772 (73.2)
TLV (%) 303 (28.7)
Catecholamine (%) 196 (18.6)
NPPV (%) 168 (15.9)

At discharge

Hospital stay (days) 21.7 ± 16.4
No drugs 2.4 ± 1.0
GDMT score (pts) 4.1 ± 2.0
RASi (%) 869 (82.3)
ACEi/ARB (%) 808 (76.6) ACEi = 63.2%, ARB = 36.8%
ARNI (%) 61 (5.7)
ARNI dose (mg) 165.5 ± 99.3
BB (%) 868 (82.3) Carvedilol = 49.3%, bisoprolol = 50.7%
BB dose (mg) 8.6 ± 6.9
MRA (%) 613 (58.1) Spironolactone = 89.3%, eplerenone = 10.7%
MRA dose (mg) 25.2 ± 9.6
SGLT2i (%) 188 (17.8) Empagliflozin = 47.8%, dapagliflozin = 52.2%
Loop (%) 681 (64.6)
Loop dose (mg) 14.6 ± 14.4
TLV (%) 248 (23.5)
TLV dose (mg) 7.3 ± 4.1
PDEIIIi (%) 103 (9.7)
CRT/ICD (%) 59 (5.6)

Clinical outcomes

Composite outcome (%) 243 (23.0)
HF readmission (%) 197 (18.6)
All-cause death (%) 70 (6.6) CV death = 44.2%

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; Alb, albumin; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor neprilysin inhibitor; BB, beta-blocker; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; COPD,
chronic obstructive pulmonary disease; Cr, creatinine; CRT, cardiac resynchronization therapy; CV, cardiovascular; dBP, diastolic blood
pressure; DM, diabetes mellitus; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical ther-
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into two groups: those with high score (≥5 points) and those
with low score (≦4 points). Clinical outcomes were compared
between the two groups. The study design is shown in
Figure 2.

Statistical analyses

All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria). More specifically,
it is a modified version of the R Commander designed to
add statistical functions commonly used in biostatistics.19

Continuous variables in the high/low GDMT score groups
were compared using the unpaired t-test or Mann–Whitney
U test, as appropriate. Categorical variables in the high/low
groups were compared using the χ2 test or Fisher’s exact test,
as appropriate. Freedom from composite outcomes, HF read-
mission, and all-cause death was analysed using the Kaplan–
Meier curve with the log-rank test and Cox proportional
hazards regression analysis.

Variables with P< 0.05 in the univariate analysis and those
associated with clinical outcomes were used in the Cox
proportional hazards regression analysis for each as shown
in Table 2 and Supporting Information, Tables S2A and S2B.
Univariate and multivariate analyses were performed using
logistic regression analysis for association with low GDMT
scores. Variables with P < 0.1 in the univariate analysis were
used in the Cox proportional hazards regression analysis for
each as shown in Table 4.

Unless otherwise specified, all data are expressed as the
mean ± standard deviation or median [95% confidence inter-
val (CI)]. The probability was two-tailed, with P values of
<0.05 considered as statistically significant.

Ethical standards

This study was approved by the Ethics Committee of
Japanese Red Cross Fukuoka Hospital (Approval No. 404)
and was conducted in accordance with the ethical standards
of the 1964 Declaration of Helsinki and its subsequent
amendments. Informed consent for data handling was ob-
tained at admission, and informed consent for the study
was obtained opt-out.

Results

Characteristics of study patients

The analysis included 1054 patients with HFrEF and HFmrEF
among 1782 HF patients admitted between April 2015 and
March 2022. The mean age was 75.2 ± 14.0 years, 65.3%
were male, 80.8% were in New York Heart Association
(NYHA) Classes 3–4, mean ejection fraction (EF) was
30.9 ± 10.3%, 74.6% had HFrEF, and 30.3% had a history of
HF. RAS inhibitors were prescribed at discharge in 82.3% of
patients, ARNIs in 5.7% of patients, BBs in 82.3% of patients,
MRAs in 58.1% of patients, and SGLT2 inhibitors in 17.8% of
patients (Table 1).

apy; Hb, haemoglobin; HFmrEF, heart failure with mildly reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR,
heart rate; Hx of HF, history of heart failure; ICD, implantable cardiac defibrillator; ICM, ischaemic cardiomyopathy; K, potassium; MRA,
mineralocorticoid receptor antagonist; Na, sodium; NPPV, non-invasive positive pressure ventilation; NYHA, New York Heart Association;
PDEIIIi, phosphodiesterase III inhibitor; RASi, renin–angiotensin system inhibitor; sBP, systolic blood pressure; SGLT2i, sodium–glucose
transporter 2 inhibitor; TLV, tolvaptan; UA, uric acid.

Figure 2 Illustration of the study protocol. Retrospective analysis of the association with the prognosis of heart failure (HF) with reduced ejection frac-
tion (HFrEF) and HF with mildly reduced ejection fraction (HFmrEF) patients and simple guideline-directed medical therapy (GDMT) score. CHF, con-
gestive HF; HFpEF, HF with preserved ejection fraction.

Simple GDMT score in HF 3355

ESC Heart Failure 2023; 10: 3352–3363
DOI: 10.1002/ehf2.14524



Relationship between clinical outcomes and
guideline-directed medical therapy score

One-year events included composite outcome in 243 patients
(23.0%), HF readmission in 197 patients (18.6%), and
all-cause death in 70 patients (6.6%). First, a simple GDMT
score was calculated for each of these patients. The content
of the prescription for each score is shown in Supporting

Information, Table S1. The cut-off value for the association
between the composite outcome and the simple GDMT score
was 4 points [area under curve (AUC) = 0.607, 95% CI = 0.57–
0.64] using the receiver operating characteristic (ROC) curve
(Figure 2B).

Univariate and multivariate analyses were performed for
each clinical parameter. In a multivariate analysis, older age
[cut-off: 80 years, hazard ratio (HR) = 1.039, 95%

Table 2 Association with the composite outcome

Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Backgrounds
Age (years) 1.024 1.014–1.035 <0.001 1.014 1.001–1.027 0.031
Male (%) 0.988 0.759–1.286 0.928 1.162 0.997–1.557 0.314
BNP 1.000 0.999–1.000 0.471
NYHA class 1.309 1.088–1.574 0.004 1.210 0.989–1.480 0.063
EF (%) 1.008 0.996–1.020 0.189 0.996 0.981–1.011 0.615
Hx of HF (%) 1.948 1.511–2.511 <0.001 1.307 0.977–1.748 0.071
ICM (%) 1.584 1.232–2.037 <0.001 1.248 0.947–1.644 0.115
sBP (mmHg) 0.997 0.993–1.001 0.127
dBP (mmHg) 0.990 0.985–0.996 0.001 0.999 0.992–1.006 0.778
HR (b.p.m.) 0.992 0.987–0.997 0.004 0.998 0.992–1.004 0.557
BMI (kg/m2) 0.970 0.944–0.996 0.026 0.998 0.980–1.015 0.805

Comorbidity
AF (%) 1.110 0.861–1.431 0.419
DM (%) 1.175 0.907–1.521 0.221 1.120 0.844–1.486 0.432
COPD (%) 1.285 0.813–2.030 0.282 1.301 0.802–2.109 0.286
Pneumonia (%) 0.875 0.586–1.306 0.514

Laboratory data
BUN (mg/dL) 1.018 1.012–1.024 <0.001 0.998 0.988–1.009 0.801
eGFR (mL/min/1.73 m2) 0.979 0.973–0.985 <0.001 0.990 0.981–1.000 0.054
UA (mg/dL) 1.029 0.973–1.088 0.308
Na (mmol/L) 0.972 0.947–0.998 0.035 0.994 0.965–1.023 0.718
K (mmol/L) 1.218 1.052–1.412 0.008 1.034 0.862–1.239 0.718
Hb (g/dL) 0.887 0.843–0.933 <0.001 0.994 0.929–1.065 0.879
Alb (g/dL) 0.670 0.539–0.833 <0.001 0.853 0.663–1.098 0.218

In-hospital use
Vasodilator (%) 0.949 0.701–1.285 0.737
Carperitide 0.872 0.601–1.266 0.473
In-hospital loop diuretics (%) 1.040 0.780–1.385 0.790
In-hospital TLV (%) 1.829 1.416–2.364 <0.001 1.118 0.743–1.682 0.591
Catecholamine (%) 1.426 1.060–1.918 0.019 1.041 0.706–1.534 0.838
NPPV (%) 1.198 0.861–1.665 0.283

At discharge
Hospital stay (days) 1.009 1.003–1.015 0.002 1.003 0.995–1.010 0.507
No drugs 0.735 0.653–0.827 <0.001 0.929 0.403–1.121 0.445
GDMT score ≧5 0.432 0.324–0.576 <0.001 0.606 0.403–0.912 0.016
ACEi/ARB (%) 0.817 0.612–1.091 0.170
ARNI (%) 0.137 0.034–0.551 0.005
BB (%) 0.692 0.513–0.935 0.016
MRA (%) 0.561 0.436–0.722 <0.001
SGLT2i (%) 0.707 0.485–1.032 0.072
Loop (%) 1.240 0.944–1.627 0.121
Loop dose (mg) 1.013 1.006–1.021 <0.001 1.005 0.997–1.012 0.190
TLV (%) 2.193 1.690–2.846 <0.001 1.386 0.887–2.164 0.151
PDEIIIi (%) 1.406 0.959–2.060 0.080 0.891 0.566–1.402 0.618
CRT/ICD (%) 1.664 1.053 0.029 1.263 0.738–2.161 0.393

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; Alb, albumin; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor neprilysin inhibitor; BB, beta-blocker; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CI, con-
fidence interval; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; dBP, diastolic blood pressure;
DM, diabetes mellitus; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; Hb,
haemoglobin; HR, heart rate; Hx of HF, history of heart failure; ICD, implantable cardiac defibrillator; ICM, ischaemic cardiomyopathy;
K, potassium; MRA, mineralocorticoid receptor antagonist; Na, sodium; NPPV, non-invasive positive pressure ventilation; NYHA, New York
Heart Association; PDEIIIi, phosphodiesterase III inhibitor; sBP, systolic blood pressure; SGLT2i, sodium–glucose transporter 2 inhibitor;
TLV, tolvaptan; UA, uric acid.
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CI = 1.010–1.067, P = 0.001], chronic obstructive pulmonary
disease (COPD) (HR = 2.205, 95% CI = 1.010–3.810,
P = 0.047), potassium (K) values (cut-off: 4.87, HR = 1.535,
95% CI = 1.127–2.091, P = 0.006), albumin (Alb) value (cut-
off: 3.4 g/dL, HR = 0.474, 95% CI = 0.300–0.748, P = 0.001),
hospital stay (cut-off: 20 days, HR = 1.012, 95% CI = 1.002–
1.022, P = 0.015), and GDMT score ≥5 (HR = 0.250, 95%
CI = 0.093–0.669, P = 0.005) were strongly associated with
all-cause mortality (Supporting Information, Table S2A). Older
age (cut-off: 64 years, HR = 1.036, 95% CI = 1.009–1.064,

P = 0.009), higher heart rate (cut-off: 83 b.p.m., HR = 1.011,
95% CI = 1.001–1.021, P = 0.038), higher blood urea nitrogen
(BUN) (cut-off: 28.5 mg/dL, HR = 1.016, 95% CI = 1.000–1.032,
P = 0.047), and GDMT score ≥5 (HR = 0.207, 95% CI = 0.077–
0.558, P = 0.001) were strongly associated with HF readmis-
sion (Supporting Information, Table S2B). Older age (cut-off:
64 years, HR = 1.014, 95% CI = 1.001–1.027, P = 0.031) and
GDMT score ≥5 (HR = 0.606, 95% CI = 0.403–0.912,
P = 0.016) were strongly associated with the composite
outcome.

Table 3 Characteristics between low and high simple GDMT scores

Low GDMT score High GDMT score P value

n 605 449
Backgrounds

Age (years) 78.8 ± 12.2 70.3 ± 14.8 <0.001
Male (%) 366 (60.5) 322 (71.7) <0.001
BNP 1152.2 ± 1045.9 1016.9 ± 1167.9 <0.001
NYHA class 3.1 ± 0.7 3.0 ± 0.7 0.045
NYHA 1–2 (%) 105 (17.4) 98 (21.8) 0.070
NYHA 3 (%) 326 (53.9) 243 (54.1) 0.950
NYHA 4 (%) 174 (28.8) 108 (24.1) 0.092

EF (%) 32.8 ± 10.0 28.4 ± 10.0 <0.001
HFrEF (%) 417 (68.9) 367 (81.7) <0.001
HFmrEF (%) 185 (30.6) 83 (18.5) <0.001
Hx of HF (%) 196 (32.4) 123 (27.4) 0.090
ICM (%) 250 (41.3) 168 (37.4) 0.204
sBP (mmHg) 137.4 ± 33.6 142.2 ± 35.4 0.026
dBP (mmHg) 81.2 ± 22.1 88.1 ± 26.2 <0.001
HR (b.p.m.) 92.6 ± 26.6 97.6 ± 26.1 0.002
BMI (kg/m2) 22.1 ± 4.0 24.9 ± 20.5 <0.001

Comorbidity
AF (%) 259 (42.8) 174 (38.8) 0.205
DM (%) 194 (32.1) 179 (39.9) 0.009
COPD (%) 43 (7.1) 28 (6.2) 0.620
Pneumonia (%) 85 (14.0) 49 (10.9) 0.136

Laboratory data
BUN (mg/dL) 33.0 ± 18.8 24.3 ± 14.0 <0.001
Cr (mg/dL) 1.74 ± 1.41 1.29 ± 0.89 <0.001
eGFR (mL/min/1.73 m2) 40.2 ± 21.6 51.4 ± 21.5 <0.001
UA (mg/dL) 6.9 ± 2.1 6.9 ± 2.3 0.863
Na (mmol/L) 138.8 ± 4.7 139.3 ± 4.0 0.049
K (mmol/L) 4.46 ± 0.72 4.25 ± 0.73 <0.001
Hb (g/dL) 11.7 ± 2.4 13.1 ± 2.4 <0.001
Alb (g/dL) 3.4 ± 0.5 3.5 ± 0.5 <0.001

In-hospital use
Vasodilator (%) 123 (20.4) 121 (26.9) 0.015
Carperitide 87 (14.4) 68 (15.1) 0.726
In-hospital loop diuretics (%) 442 (73.1) 330 (73.5) 0.888
In-hospital TLV (%) 178 (29.4) 125 (27.8) 0.583
Catecholamine (%) 115 (19.0) 81 (18.0) 0.749
NPPV (%) 94 (15.5) 74 (16.5) 0.734

At discharge
Hospital stay (days) 21.8 ± 15.7 21.6 ± 17.2 0.835
No drugs 1.75 ± 0.77 3.28 ± 0.46 <0.001
Loop (%) 397 (65.6) 284 (63.3) 0.435
Loop dose (mg) 25.7 ± 16.4 24.5 ± 17.2 0.364
TLV (%) 155 (25.6) 93 (20.7) 0.067
PDEIIIi (%) 55 (9.1) 48 (10.7) 0.403
ICD/CRT (%) 31 (5.1) 28 (6.2) 0.498

AF, atrial fibrillation; Alb, albumin; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; COPD, chronic ob-
structive pulmonary disease; Cr, creatinine; dBP, diastolic blood pressure; DM, diabetes mellitus; EF, ejection fraction; eGFR, estimated glo-
merular filtration rate; GDMT, guideline-directed medical therapy; Hb, haemoglobin; HFmrEF, heart failure with mildly reduced ejection
fraction; HFrEF, heart failure with reduced ejection fraction; HR, heart rate; Hx of HF, history of heart failure; ICD, implantable cardiac de-
fibrillator; ICM, ischaemic cardiomyopathy; K, potassium; Na, sodium; NPPV, non-invasive positive pressure ventilation; NYHA, New York
Heart Association; PDEIIIi, phosphodiesterase III inhibitor; sBP, systolic blood pressure; TLV, tolvaptan; UA, uric acid.
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Characteristics between groups with high and low
guideline-directed medical therapy scores

The low-score group was older, more female, and had higher
BNP, NYHA class, and EF than the high-score group. Blood
pressure, heart rate, and body mass index (BMI) were lower
in the low-score group. In terms of comorbidities, diabetes
mellitus (DM) was less common and laboratory data showed
higher BUN, lower estimated glomerular filtration rate
(eGFR), higher K, lower haemoglobin (Hb), and lower Alb in
the low-score group. In addition, a lower percentage of vaso-
dilators were used in the inpatient setting, but otherwise
there were no differences (Table 3).

Incidence of all-cause death, HF readmission, and
composite outcome between groups with high
and low guideline-directed medical therapy
scores

The group with higher GDMT score had fewer events for all-
cause death (HR = 0.241, 95% CI = 0.102–0.568, P = 0.001),
HF readmission (HR = 0.476, 95% CI = 0.324–0.701,
P < 0.001), and composite outcome (HR = 0.431, 95%
CI = 0.295–0.630, P < 0.001) (Figure 3). Stratification analysis
of low and high GDMT scores into 0–2, 3–4, 5–6, and 7–9
points showed no significant differences in the occurrence of
each event within the low- and high-score groups (Figure 4).

Figure 3 Survival curves of freedom from (A) 1 year all-cause death, (B) 1 year heart failure (HF) readmissions, and (C) 1 year composite outcome
between the groups with low and high simple guideline-directed medical therapy (GDMT) scores by a Kaplan–Meier analysis. Hazard ratio (HR) and
95% confidence interval (CI) were analysed by Cox proportional hazards regression analysis.

Figure 4 Survival curves of freedom from (A) 1 year all-cause death, (B) 1 year heart failure (HF) readmissions, and (C) 1 year composite outcome
between the groups with simple guideline-directed medical therapy (GDMT) scores of 0–2, 3–4, 5–6, and 7–9 points by a Kaplan–Meier analysis. Haz-
ard ratio (HR) and 95% confidence interval (CI) were analysed by Cox proportional hazards regression analysis.
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Subgroup analysis

Subgroup analyses were performed for the composite out-
come by age, gender, NYHA class, systolic blood pressure
(sBP), EF, underlying disease, history of HF, presence of DM,
eGFR, K level, Hb level, and ARNI period (defined based on
when ARNI became available in Japan; pre-ARNI: from April
2015 to August 2020, post-ARNI: from November 2020 to
March 2022). In these subgroups, a simple GDMT score of 5
or higher was consistently associated with a good prognosis
(Figure 5).

Association with low guideline-directed medical
therapy score

We also examined the association with low GDMT score of 4
or less.

A multivariate analysis showed that older age, higher
NYHA class, higher EF, no DM, hyperkalaemia, and anaemia
were associated with the GDMT score of 4 or less (Table 4).

Discussion

The present study is the first to report that a simple GDMT
score calculated on the basis of RAS inhibitors, BBs, MRAs,
and SGLT2 inhibitors is associated with the prognosis of HF
patients. A sub-analysis of DAPA-HF using a similar scoring
has recently been reported regarding on the use of SGLT2
inhibitors.20 This study separated backgrounds according to
their scores and reported that the effect of dapagliflozin
was constant regardless of the score. A study of Danish na-
tionwide registries reported that higher GDMT scores were
associated with improved mortality in patients with HF,

Figure 5 Subgroup analysis between patients with the high simple guideline-directed medical therapy (GDMT) score and low score by Cox propor-
tional hazards model presented by a forest plot. ARNI, angiotensin receptor neprilysin inhibitor; CI, confidence interval; DM, diabetes mellitus; EF, ejec-
tion fraction; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; HFmrEF, heart failure with mildly reduced ejection fraction; HFrEF, heart
failure with reduced ejection fraction; HR, hazard ratio; Hx of HF, history of heart failure; ICM, ischaemic cardiomyopathy; K, potassium; NYHA,
New York Heart Association class; sBP, systolic blood pressure.
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similar to the results of the present study.21 The four drugs
used for scoring in this study are RAS inhibitors, BB, MRA,
and ivabradine, and did not include SGLT2 inhibitors, which
is the current standard therapy for HFrEF. However, this study
did not examine HF rehospitalization, another important clin-
ical outcome. Therefore, the present study is the first to ex-
amine the prognosis of patients with acute HF regarding
the medicated status of the current standard therapy using
a scoring system. Subgroup analyses showed that 5 or more
scoring points were associated with better prognosis in vari-
ous settings of the patient subgroups.

As the use of vericiguat and ivabradine was extremely
low in this study, a score based on the four standard drugs
was developed. The prognostic value of combination
therapy, including the fantastic 4, has been reported in

many studies, and there is no doubt of its benefit, with
Class I guidelines recommending the use of four drugs
whenever possible. Therefore, it seems highly appropriate
to create a simple score based on the four standard drugs
in the present study. Ivabradine and vericiguat have also
been shown to improve prognosis in patients with
HFrEF.22,23 Further analysis using a new scoring system with
the addition of these two drugs will be necessary in the
future.

HF readmission and mortality rates in representative regis-
tries of acute HF patients have been reported as follows: ESC-
HF-LT (2011–2015)24—25.9% HF readmission rate and 14.3%
mortality rate, JROADHF (2013)25—29.4% HF readmission
rate and 14.2% mortality rate, and REALITY-AHF (2014–
2015)26—22.9% HF readmission rate and 14.8% mortality

Table 4 Association with low simple GDMT score

Univariate analysis Multivariate analysis

Odds ratio 95% CI P value Odds ratio 95% CI P value

Backgrounds
Age (years) 1.050 1.040–1.060 <0.001 1.030 1.020–1.040 <0.001
Male (%) 0.604 0.465–0.785 <0.001 0.991 0.720–1.370 0.957
BNP 1.000 1.000–1.000 0.057 1.000 1.000–1.000 0.603
NYHA class 1.200 1.000–1.420 0.045 1.310 1.050–1.630 0.014
EF (%) 1.040 1.030–1.060 <0.001 1.030 1.010–1.050 <0.001
Hx of HF (%) 1.270 0.971–1.660 0.080 0.830 0.594–1.160 0.272
ICM (%) 1.180 0.917–1.510 0.200
sBP (mmHg) 0.996 0.992–1.000 0.026 0.998 0.991–1.010 0.595
dBP (mmHg) 0.988 0.983–0.993 <0.001 0.999 0.989–1.010 0.924
HR (b.p.m.) 0.993 0.988–0.998 0.002 0.997 0.991–1.000 0.418
BMI (kg/m2) 0.929 0.905–0.953 <0.001 0.992 0.973–1.010 0.424

Comorbidity
AF (%) 1.180 0.922–1.520 0.186
DM (%) 0.712 0.552–0.918 0.008 0.682 0.503–0.924 0.013
COPD (%) 1.150 0.703–1.880 0.577
Pneumonia (%) 1.330 0.917–1.940 0.132

Laboratory data
BUN (mg/dL) 1.040 1.030–1.040 <0.001 1.010 0.999–1.030 0.071
eGFR (mL/min/1.73 m2) 0.977 0.971–0.982 <0.001 0.992 0.983–1.000 0.092
UA (mg/dL) 1.010 0.950–1.060 0.863
Na (mmol/L) 0.974 0.947–1.000 0.060 1.000 0.969–1.040 0.900
K (mmol/L) 1.530 1.270–1.850 <0.001 1.480 1.170–1.870 0.001
Hb (g/dL) 0.795 0.753–0.839 <0.001 0.927 0.860–0.999 0.047
Alb (g/dL) 0.664 0.529–0.835 <0.001 0.841 0.628–1.130 0.245

In-hospital use
Vasodilator (%) 0.693 0.520–0.924 0.012 0.702 0.483–1.020 0.063
Carperitide 0.941 0.667–1.330 0.729
In-hospital loop diuretics (%) 0.978 0.742–1.290 0.874
In-hospital TLV (%) 1.080 0.824–1.420 0.575
Catecholamine (%) 1.070 0.778–1.460 0.690
NPPV (%) 0.932 0.669–1.300 0.679

At discharge
Hospital stay (days) 1.000 0.993–1.010 0.835
Loop (%) 1.110 0.859–1.430 0.427
Loop dose (mg) 1.000 0.995–1.010 0.365
TLV (%) 1.320 0.984–1.770 0.063 0.983 0.682–1.420 0.927
PDEIIIi (%) 0.835 0.556–1.260 0.388
CRT/ICD (%) 0.812 0.480–1.370 0.438

AF, atrial fibrillation; Alb, albumin; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CI, confidence inter-
val; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; dBP, diastolic blood pressure; DM, diabetes
mellitus; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; Hb, haemoglobin;
HR, heart rate; Hx of HF, history of heart failure; ICD, implantable cardiac defibrillator; ICM, ischaemic cardiomyopathy; K, potassium;
Na, sodium; NPPV, non-invasive positive pressure ventilation; NYHA, New York Heart Association; PDEIIIi, phosphodiesterase III inhibitor;
sBP, systolic blood pressure; TLV, tolvaptan; UA, uric acid.
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rate. Compared with these results, the HF readmission and
mortality rates in our study were lower. However, it is impor-
tant to consider that our study included a period when ARNIs
and SGLT2 inhibitors were available for use and excluded pa-
tients with HFpEF and dialysis patients. These factors may
have contributed to the observed differences. The present
study analysed data from 2015 to 2022, and when subgroup
analyses were performed for the pre- and post-ARNI periods,
the benefit of a simple GDMT score of 5 or higher remained
the same in both periods. Acute HF patients are at high risk
of readmission and mortality, and repeated readmissions
are associated with a worse prognosis.27 Preventing the HF
readmissions is therefore an important challenge. In our
study, the HF readmission rate and mortality rate in the group
with a score of 4 or less were similar to previous reports, at
around 22.8% and 10.6%, respectively. However, in the group
with a score of 5 or above, the HF readmission rate decreased
to about 13.1% and the mortality rate decreased to 1.3%.
This highlights the importance of implementing GDMT during
hospitalization.

It has been reported that GDMTs have not yet been fully
implemented in practice, and we often find ourselves unable
to implement them for a variety of reasons. Therefore, we
undertook this study to confirm the usefulness of the pro-
posed GDMT score by adapting it to actual clinical practice
and to help improve the uptake of GDMT in the future. It
was shown that if a simple GDMT score of 5 or more could
be achieved in this study, the prognosis could be improved.
Therefore, even in patients who cannot be fully introduced
to all four drugs, aiming for a score of 5 or higher by design-
ing combinations may lead to an improved prognosis for HF
patients. For example, in the case of a patient with low blood
pressure, it appears that a combination of SGLT2 inbibitors
+MRA+low dose BB is beneficial for achieving an improve-
ment of 5 points or more, while the presence of bradycardia,
a combination of ARNI+SGLT2 inhibitors+MRA seems to be
effective.

In addition to hypotension and bradycardia as described
above, other possible barriers to GDMT induction include
older age, chronic kidney disease (CKD), and hyperkalaemia.
In fact, older age, higher NYHA class, higher EF, absence of
DM, hyperkalaemia, and anaemia were strongly associated
with lower GDMT scores in this study. Further subgroup anal-
ysis showed a consistent prognostic benefit of a GDMT score
of 5 or higher, regardless of renal function, K level, or pres-
ence of anaemia.

Of these factors that interfere with GDMT induction,
hyperkalaemia and anaemia are factors that can be corrected
by our intervention. For example, hyperkalaemia is a known
factor that prevents the introduction of renin–angiotensin–
aldosterone system (RAAS) inhibitors as much as possible.
However, the American Heart Association (AHA) guidelines
recommend that RAAS inhibitors should be continued for as
long as possible with pottasium-lowering agents and so forth,

rather than discontinued in HF patients with
hyperkalaemia.6,7 Therefore, in the future, it may be neces-
sary to aim for at least 5 points on the GDMT score whenever
possible, with vigorous intervention on those factors that can
be corrected.

The major limitation of the present study is its retrospec-
tive, observational nature. The second limitation is the low
use of ARNIs and SGLT2 inhibitors (5.7% and 17.8%, respec-
tively) and the inclusion of a time bias, as these drugs were
not available at the time of the study. The third limitation is
that the decision to prescribe depends on the judgement of
the attending physician, and selection bias cannot be ex-
cluded. Prospective studies using such GDMT scores should
be conducted. The fourth limitation is that HFpEF and dialysis
patients were excluded in the present study. It should also be
noted that our simple GDMT score, which has a smaller num-
ber of components compared with components proposed by
the Heart Failure Collaboratory and the Academic Research
Consortium, may have a different impact for each compo-
nent. Consequently, a 1-point increase in our simple GDMT
score may not directly correspond to the same change as
outlined in the original. We acknowledge this limitation and
emphasize that the original score was developed based on
cut-off values calculated using ROC curves to compare
prognosis between the two groups. This discrepancy in the
number of components warrants caution in interpreting the
magnitude of change represented by a 1-point increase in
our simple GDMT score.

Conclusions

A high simple GDMT score was associated with better prog-
nosis in HFrEF and HFmrEF patients. In future GDMT intro-
duction strategies for patients with HFrEF and HFmrEF, if,
for some reason, all four drugs cannot be introduced,
targeting for a combination with a simple GDMT score of 5
or higher may help improve patient prognosis.
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