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trials for patients with chronic HF.10,11 Furthermore, the 
EMPEROR-preserved and DELIVER trials have demon-
strated the prognostic benefits of SGLT2i for HF with 
mildly reduced ejection fraction (HFmrEF) and HF with 
preserved ejection fraction (HFpEF).12,13 These trials 
demonstrated the efficacy of SGLT2i regardless of ejection 
fraction (EF).14,15 These trials were conducted in patients 
with chronic HF.

There are a few studies examining the effect of SGLT2i 
in patients hospitalized for acute decompensated HF 
(ADHF). Sotagliflozin was shown to improve the prognosis 
of patients with type 2 diabetes who were hospitalized for 
exacerbation of HF in the Sotagliflozin in Patients with 
Diabetes and Recent Worsening Heart Failure (SOLOIST-
WHF) trial.16 However, in that study, only 48.8% of 
patients had received sotagliflozin or a placebo before 
discharge. The pilot study of the SGLT2 inhibitor 
empagliflozin in patients hospitalized for acute heart failure: 
a multinational randomized (EMPULSE) trial, the 
Randomized, double-blind, placebo-controlled, multicentre 

T he number of patients with heart failure (HF) in 
Japan continues to increase due to the increase in 
lifestyle-related diseases and population aging.1–3

Most patients with HF are elderly, which is related to a 
poor prognosis and increased hospitalization costs.4,5 The 
in-hospital mortality rate for patients hospitalized with 
acute HF in Japan is approximately 5%, and the number 
of readmissions for HF in Japan has not decreased at all in 
the past decade.6

Pharmacotherapy for HF has changed dramatically in 
recent years, and the efficacy of guideline-directed medical 
therapy (GDMT), known as ‘the Fantastic 4’, for HF with 
reduced ejection fraction (HFrEF) seems to be well estab-
lished.7–9 Among GDMT, sodium-glucose cotransporter 2 
inhibitors (SGLT2i) may hold a particularly important 
position, and their prognostic benefit for HFrEF was 
demonstrated in the Dapagliflozin and Prevention of 
Adverse outcomes in heart failure (DAPA-HF) and the 
Empagliflozin Outcome trial in Patients with Chronic Heart 
Failure and a Reduced Ejection Draction (EMPA-reduced) 
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Background:  The efficacy of sodium-glucose cotransporter 2 inhibitors (SGLT2i) in patients with acute chronic heart failure (HF) is 
increasingly being reported. However, it is not clear when SGLT2i should be initiated in patients with acute decompensated HF 
(ADHF) after hospitalization. We retrospectively analyzed ADHF patients with newly prescribed SGLT2i.

Methods and Results:  Among the 694 patients hospitalized due to HF between May 2019 and May 2022, data were extracted for 
168 patients with newly prescribed SGLT2i during the index hospitalization. These patients were divided into 2 groups: and early 
group (92 patients who started SGLT2i within 2 days of admission) and a late group (76 patients who started SGLT2i after 3 days). 
Clinical characteristics were comparable between the 2 groups. The date of cardiac rehabilitation initiation was significantly earlier 
in the early than late group (2.5±1.2 vs. 3.8±2.2 days; P<0.001). Hospital stay was significantly shorter in the early group (16.4±6.5 
vs. 24.2±16.0 days; P<0.001). Although there were significantly fewer HF readmissions within 3 months in the early group (2.1% vs. 
10.5%; P=0.044), the association disappeared in a multivariate analysis including clinical confounders.

Conclusions:  Early initiation of SGLT2i may shorten hospital stays.
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initiation, hemodynamic changes, changes in estimated 
glomerular filtration rate (eGFR) and changes in B-type 
natriuretic peptide (BNP) concentrations were examined. 
The date of HF readmission and death from any cause 
after discharge was confirmed from the follow-up records 
in the Japanese Red Cross Fukuoka Hospital or through 
direct telephone contact with each patient or their family 
members. The number of days from the date of discharge 
to the date of the event was used in analyses.

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 (R Foundation for 
Statistical Computing, Vienna, Austria). More precisely, 
EZR is a modified version of R commander designed to 
add statistical functions frequently used in biostatistics.20

Continuous variables in the early and late groups were 
compared using the unpaired t-test or Mann-Whitney test, 
as appropriate. Categorical variables were compared between 
the early and late groups using the Chi-squared test or 
Fisher’s exact test, as appropriate. Changes in clinical 
parameters were analyzed by repeated-measures analysis 
of variance (ANOVA). Multiple linear regression was cal-
culated to predict the length of hospital stay based on age, 
New York Heart Association (NYHA) class, EF, systolic 
blood pressure (SBP), BNP, albumin, eGFR, the use of 
non-invasive positive pressure ventilation (NPPV), the use 
of catecholamines, hospital transfer, and days to initiation 
of SGLT2i. Independent variables were selected that seemed 
likely to be associated with the length of hospital stay. 
Because the length of hospital stay was not normally dis-
tributed, log-transformed values were used in the analysis. 
A significant regression equation was found (F11,154=7.182, 
P<0.001), with an R2 of 0.3339. Multicollinearity was 
assessed using the variance inflation factor (VIF). A VIF 
>10 is regarded as indicating serious multicollinearity, and 
values >4.0 may be a cause for concern; however, evidence 
for multicollinearity was absent because the VIF for inde-
pendent variables in the model in this study was <2.0.

Freedom from HF readmissions and the composite out-
come were analyzed using Kaplan-Meier curves with the 
log-rank test. Because some variables associated with HF 

pilot study on the effects of empagliflozin on clinical 
outcomes in patients with acute decompensated heart failure 
(EMPA-RESPONSE-AHF) trial, was a study of the clinical 
outcomes of empagliflozin initiated within 24 h of hospital-
ization in patients with ADHF and found significantly fewer 
HF readmissions in the empagliflozin group at 2 months.17 
The EMPULSE trial started empagliflozin or placebo during 
hospitalization for acute de novo or decompensated 
chronic HF regardless of EF and continued for 90 days, 
with a median time to drug start of 3 days. Clinical benefits 
were observed for both acute de novo and decompensated 
chronic HF, and were observed regardless of EF or the 
presence or absence of diabetes.18

However, there have been no studies examining the tim-
ing of initiation of SGLT2i in patients hospitalized for 
ADHF. Thus, the aim of the present study was to deter-
mine whether there is a difference in clinical outcomes 
between patients hospitalized for ADHF who receive 
SGLT2i early after admission and those who received 
them later.

Methods
Study Design
This was a single-center retrospective cohort study to 
evaluate the effects of the early initiation of SGLT2i in 
patients with ADHF. All patients in the study were taking 
10 mg empagliflozin or 10 mg dapagliflozin, with a median 
start date of 2 days after admission. Thus, we defined early 
initiation of SGLT2i as initiation within 2 days of admission 
and late initiation as initiation after 3 days of admission. 
We retrospectively analyzed 654 consecutive patients with 
ADHF at the Japanese Red Cross Fukuoka Hospital 
between May 2019 and May 2022. ADHF was indepen-
dently diagnosed by each attending physician according to 
the Framingham HF criteria.19 Data were extracted for 
168 patients with newly initiated SGLT2i during hospital-
ization and analyzed. Patients were followed up for 3 
months after discharge. Clinical outcomes, including the 
length of hospital stay, HF readmissions, and a composite 
of death from any cause or HF readmission, were investi-
gated. The design of the study is shown in Figure 1. In 
addition, changes in urine output, time to rehabilitation 

Figure 1.    Study protocol. CHF, congestive heart failure; HF, heart failure; SGLT2, sodium-glucose cotransporter 2.



Circulation Reports  Vol.5,  May  2023

189Early Initiation of an SGLT2 Inhibitor in HF

[ARB], angiotensin receptor-neprilysin inhibitor [ARNI], 
β-blocker, mineralocorticoid receptor antagonist [MRA], 
the dose of loop diuretics, and tolvaptan).

Unless specified otherwise, all data are expressed as 
the mean ± SD or median with interquartile range. All 
probabilities are 2-tailed, P<0.05 being regarded as statis-
tically significant.

Ethical Considerations
This study was approved by the Ethics Committee of 
Japanese Red Cross Fukuoka Hospital and was conducted 
in accordance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amendments. 

readmission and the composite outcome remained signifi-
cantly different, multivariate analysis using a Cox propor-
tional hazards regression model was added. Several models 
were used in the analysis: Model 0, univariate analysis of 
all variables; Model 1, confounding factors that may affect 
early initiation of SGLT2i were included in the model, 
excluding those that interact (age, EF, SBP, and eGFR); 
Model 2, all confounders included in Model 1 were incor-
porated into the model plus other confounders and media-
tors, such as medications at discharge (age, EF, whether de 
novo HF hospitalization, SBP, diastolic blood pressure 
[DBP], eGFR, early SGLT2i start, angiotensin-converting 
enzyme inhibitor [ACEi]/angiotensin-receptor blocker 

Table 1.  Characteristics of the Early and Late Groups

Early group  
(n=92)

Late group  
(n=76) P value

On admission

    Age (years) 71.4±13.3 72.0±14.2 0.771

    Male sex 66 (71.7) 53 (69.7) 0.865

    EF (%) 36.0±15.2 36.2±16.7 0.932

    HFrEF 61 (66.3) 45 (59.2) 0.422

    HFmrEF 12 (13.0) 13 (17.1) 0.517

    HFpEF 19 (20.7) 18 (23.7) 0.71　　
    NYHA functional classification

        2 17 (18.5)   9 (11.8) 0.287

        3 54 (58.7) 47 (61.8) 0.752

        4 21 (22.8) 20 (26.3) 0.718

    ICM 27 (29.3) 25 (32.9) 0.738

    De novo HF hospitalization 53 (69.7) 66 (71.7) 0.865

    Body weight (kg) 64.7±19.4 63.6±17.1 0.705

    BMI (kg/m2) 24.1±6.3　　 24.1±5.2　　 0.976

    SBP (mmHg) 149.2±35.4　　 145.9±32.5　　 0.529

    DBP (mmHg) 90.3±24.7 87.6±28.0 0.511

    Heart rate (beats/min) 101.0±25.0　　 93.5±25.1 0.056

    BNP (pg/mL) 868.5±930.7    851.0±1,400.9 0.923

    Hb (g/dL) 13.0±2.5　　 12.3±2.7　　 0.108

    BUN (mg/dL) 20.8 [7.3–79.6]　　　　 20.3 [10.4–116.1] 0.89　　
    Cr (mg/dL) 1.05 [0.46–3.76]　　 1.02 [0.51–7.27]　　 0.754

    eGFR (mL/min/1.73 m2) 52.83±22.40   49.8±19.42 0.356

    UA (mg/dL) 6.4±2.2 6.9±2.4 0.23　　
    Na (mEq/L) 138.8±4.3　　　　 139.3±3.8　　　　 0.397

    K (mEq/L) 4.27±0.56 4.23±0.59 0.633

    Albumin (g/dL) 3.5±0.5 3.5±0.4 0.901

Treatments in hospital

    SGLT2i start (days) 1.7±0.4 6.9±7.8 <0.001　　
    Empagliflozin 39 (42.4) 41 (53.9)

0.163
    Dapagliflozin 53 (57.6) 35 (46.1)

    Loop diuretics 76 (82.6) 68 (89.5) 0.269

        Loop diuretic dose on first 2 days (mg/day) 27.0±10.2 24.4±9.0　　 0.109

    Tolvaptan 34 (37.0) 30 (39.5) 0.752

        TLV dose on first 2 days (mg/day) 7.6±1.5 6.9±2.0 0.151

    NPPV 13 (14.1) 13 (17.1) 0.67　　
    Catecholamine 9 (9.8) 14 (18.4) 0.119

    Vasodilator 29 (31.5) 29 (38.2) 0.416

    MCS 0 (0.0) 0 (0.0) 1

    Carperitide 14 (15.2) 6 (7.9) 0.16　　

(Table 1 continued the next page.)
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Class 3 (58.7% vs. 61.8%, respectively; P=0.752), NYHA 
Class 4 (22.8% vs. 26.3%, respectively; P=0.718), BNP 
(868.5±930.7 vs. 851.0±1,400.9 pg/mL, respectively; P=0.923), 
or eGFR (52.8±22.4 vs. 49.8±19.4 mL/min/1.73 m2, respec-
tively; P=0.356). Other parameters were also comparable 
between the 2 groups at the time of admission.

Length of Hospital Stay
Length of hospital stay was significantly shorter in the 
early than late group (16.4±6.5 vs. 24.2±16.0 days; 
P<0.001; Figure 2A). When the analysis was stratified by 
EF, the length of hospital stay was significantly shorter in 
the early group for patients with HFrEF (17.2±6.6 vs. 
26.9±19.2 days; P=0.002; Figure 2B) or HFmrEF (14.5±6.8 
vs. 20.8±8.2 days; P=0.048; Figure 2C), and tended to be 
shorter in the early group for patients with HFpEF, 
although the difference was not statistically significant 
(15.0±5.6 vs. 19.8±9.2 days; P=0.06; Figure 2D). Further-

Informed consent for data handling was obtained from 
patients at the time of admission, and informed consent for 
the study was obtained via an opt-out method.

Results
Patient Characteristics
The study design is presented in Figure 1. We retrospectively 
analyzed data for 654 consecutive patients with ADHF at 
Japanese Red Cross Fukuoka Hospital. Of these 654 
patients, 168 with newly initiated SGLT2i during hospital-
ization were investigated. Patients were divided into 2 
groups: an early group (those who started SGLT2i within 
2 days of admission) and a late group (those who started 
SGLT2i after 3 days). The characteristics of patients in the 
2 groups are presented in Table 1. There were no significant 
differences between the early and late groups in EF 
(36.0±15.2% vs. 36.2±16.7%, respectively; P=0.932), NYHA 

Early group  
(n=92)

Late group  
(n=76) P value

Comorbidities

    AF 37 (40.2) 39 (51.3) 0.164

    COPD 5 (5.4)   9 (11.8) 0.166

    Diabetes 49 (53.3) 37 (48.7) 0.642

    Cancer 8 (8.7) 5 (6.6) 0.774

    CVD 15 (16.3)   9 (11.8) 0.508

    Sleep disorder 3 (3.3) 5 (6.6) 0.47　　
    Dialysis 0 (0.0) 0 (0.0) 1

At discharge

    In-hospital death 0 (0.0) 0 (0.0) 1

    Hospital transfer 11 (12.0) 14 (18.4) 0.280 

    NYHA class 1.9±0.4 2.0±0.4 0.602

    BNP (pg/mL) 251.4±292.4 226.3±197.6 0.553

    Hb (g/dL) 13.3±2.0　　 12.9±2.2　　 0.227

    BUN (mg/dL) 23.9 [9.6–72.6]　　　　 23.4 [10.3–127.6] 0.838

    Cr (mg/dL) 1.17 [0.57–3.44]　　 1.08 [0.51–3.65]　　 0.758

    eGFR (mL/min/1.73 m2) 47.26±17.31 47.20±19.25 0.982

    UA (mg/dL) 5.8±1.7 5.9±1.8 0.764

    Na (mEq/L) 138.0 [126.2–154.3] 138.2 [130.9–144.4] 0.660 

    K (mEq/L) 4.52±0.52 4.46±0.51 0.47　　
    Albumin (g/dL) 3.4±0.4 3.4±0.4 0.496

    SBP (mmHg) 112.7±17.5　　 112.9±15.2　　 0.92　　
    DBP (mmHg) 64.6±12.7 65.2±13.2 0.764

    Heart rate (beats/min) 70.7±13.0 69.2±10.4 0.423

    ACEi/ARB 37 (40.2) 49 (64.5) 0.002

    ARNI 43 (46.7) 19 (25.0) 0.004

    β-blocker 73 (79.3) 57 (75.0) 0.579

    MRA 81 (88.0) 64 (84.2) 0.505

    PDE3i 8 (8.7) 11 (14.5) 0.328

    Loop diuretics 46 (50.0) 50 (65.8) 0.738

    Loop diuretics dose (mg) 10.5±13.8 14.7±15.0 0.062

    Tolvaptan 18 (19.6) 23 (30.3) 0.148

Unless indicated otherwise, data are given as the mean ± SD, median [interquartile range] or n (%). ACEi, angiotensin-converting enzyme 
inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BMI, body mass index; BNP, 
B-type natriuretic peptide; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CVD, cerebrovascular 
disease; DBP, diastolic blood pressure; EF, ejection fraction; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; HFmrEF, heart 
failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection 
fraction; ICM, ischemic cardiomyopathy; MCS, mechanical circulatory support; MRA, mineralocorticoid receptor antagonist; NPPV, non-inva-
sive positive pressure ventilation; NYHA, New York Heart Association; PDE3i, phosphodiesterase 3 inhibitor; SBP, systolic blood pressure; 
SGLT2i, sodium-glucose cotransporter 2 inhibitor; UA, uric acid.
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Figure 2.    Comparisons of the length of hospital stay between the early and late groups in (A) all patients and in those with (B) 
heart failure with reduced ejection fraction (HFrEF), (C) heart failure with mildly reduced ejection fraction (HFmrEF), and (D) heart 
failure with preserved ejection fraction (HFpEF). Data were analyzed using t-tests. Data are given as median with interquartile 
range.

Table 2.  Multivariate Analysis About Factors Associated With Length of Hospital Stay

Estimate 95% CI SE t value P value

Intercept 1.591　　　　   1.202, 1.980 0.197　　　　 8.077 <0.001　　
Age 0.0004　　 −0.002, 0.003 0.001　　　　 0.334 0.738

NYHA functional classification 0.012　　　　 −0.047, 0.149 0.030　　　　 0.411 0.681

EF −0.001　　　　　　 −0.003, 0.001 0.001　　　　 −0.820　　 0.413

SBP −0.0004　　　　   −0.001, 0.0006 0.0005　　 −0.830　　 0.407

BNP 0.00001 −0.00001, 0.00004 0.00001 0.919 0.359

Albumin −0.095　　　　　　   −0.163, −0.027 0.034　　　　 −2.780　　 0.006

eGFR 0.0003　　 −0.001, 0.002 0.0008　　 0.448 0.654

NPPV use 0.037　　　　 −0.062, 0.137 0.050　　　　 0.746 0.456

Catecholamine use 0.245　　　　   0.142, 0.348 0.052　　　　 4.709 <0.01　　　　
Hospital transfer 0.051　　　　 −0.046, 0.149 0.049　　　　 1.041 0.299

Early SGLT2i start −0.116　　　　　　   −0.182, −0.049 0.033　　　　 −3.449　　 <0.001　　

CI, confidence interval; SE, standard error. Other abbreviations as in Table 1.

Figure 3.    Comparisons of (A) mean 2-day urine output, (B) mean 2-day urine output corrected for body weight, and (C) time to 
initiation of cardiac rehabilitation between the early and late groups. Data were analyzed using t-tests. Data are given as median 
with interquartile range.
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Characteristics at Discharge
Characteristics at discharge are presented in Table 1. BNP 
concentrations, eGFR, and other parameters, including 
blood pressure and heart rate, were comparable between 
the 2 groups. Conversely, the prescription rate of ACEi/
ARBs was lower and that of ARNI was higher in the early 
than late group, and the dose of loop diuretics tended to be 
lower in the early group.

HF Readmissions and Composite Outcomes Over 3 Months
We investigated HF readmissions and the composite 
outcome over a 3-month period from discharge in 143 
patients (excluding 25 patients who transferred to other 
hospitals). Kaplan-Meier curve analysis showed that the 
early initiation of SGLT2i reduced HF readmissions and 
the composite outcome in the 3-month period (Figure 5). 
Univariate analysis (Model 0) showed that SGLT2i were 
strongly associated with HF readmissions and the composite 
outcome over the 3-month period (HF readmissions: hazard 

more, multivariate analysis of factors associated with the 
length of hospital stay showed that lower albumin concen-
trations, catecholamine use, and a longer time to initiation 
of SGLT2i were strongly associated with the length of 
hospital stay (Table 2).

Urine Output and Initiation of Cardiac Rehabilitation
Mean urine output over 2 days after admission was 
higher in the early than late group (2,582.3±1,498.5 vs. 
2,003.1±1,133.9 mL; P=0.012; Figure 3A). Similar results 
were seen after correcting urine volume for body weight 
(40.0±21.2 vs. 32.0±19.5 mL/kg; P=0.022; Figure 3B).

Cardiac rehabilitation was initiated earlier in the early 
than late group (2.5±1.2 vs. 3.8±2.2 days; P<0.001; Figure 3C).

Changes in Renal Function, BNP, and Hemodynamics
Changes in eGFR and BNP were comparable in the 2 groups 
(Figure 4A,B). Changes in SBP, DBP, and heart rate were 
also comparable in the 2 groups (Figure 4C–E).

Figure 4.    Comparisons of changes in (A) estimated glomerular filtration rate (GFR), (B) B-type natriuretic peptide (BNP), (C) 
systolic blood pressure (SBP), (D) diastolic blood pressure, and (E) heart rate (HR) from admission to discharge in the early and 
late groups. Data were analyzed by repeated-measures ANOVA. Data are given as the mean with standard error.
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SGLT2i, which is consistent with the findings of a previous 
report,16 because there was no difference in treatment, 
including other diuretics, between the 2 groups.

Further, the time to start rehabilitation was significantly 
earlier in the early than late group. The high urinary out-
put during the first 2 days may indicate early improvement 
of HF symptoms, and, consequently, early initiation of 
rehabilitation. Early initiation of rehabilitation would 
directly lead to a shorter hospital stay.

Conversely, there were no differences in blood pressure 
changes, renal function, or BNP at the time of both 
admission and discharge between the 2 groups, whereas 
reductions in heart rate were greater in the early group. 
Blood pressure, heart rate, renal function, and BNP at 
discharge did not differ at all between the 2 groups. 
However, the rate of HF readmissions and composite 
outcomes at 3 months were significantly lower in the early 
than late group. Multivariate analysis in a model adjusted 
for age, EF, blood pressure, and renal function showed the 
association, but the association disappeared in a model 
including other confounders and mediators. This may be 
due, in large part, to the small sample size and the presence 
of mediators such as HF drugs that directly affect prognosis. 
The effects of loop diuretic dose may have been too large 
to mask the association between early initiation of SGLT2i 
and prognosis. Patients in the early group tended to receive 
lower doses of loop diuretics at discharge (10.5±13.8 vs. 
14.7±15.0 mg). Early initiation of SGLT2i may indirectly 
affect prognosis by reducing the dose of loop diuretics. 
Further, prescription rates of β-blockers and MRA were 
high in both groups, but the prescription rate of ARNI was 
significantly higher in the early than late group. It is possible 
that differences in sacubitril/valsartan prescription rates 
may have influenced to differences in HF readmission rates 
in the present study. Sacubitril/valsartan has been shown 
to have beneficial effects on HF readmission and prognosis 
in the Angiotensin-Neprilysin Inhibition versus Enalapril 

ratio [HR] 0.200 [95% CI 0.042–0.942]; composite outcome: 
HR 0.265 [95% CI 0.071–0.980]; Table 3A). After adjusting 
for confounders (Model 1), SGLT2i remained strongly 
associated with HF rehospitalization and the composite 
outcome in the 3-month period (HF readmissions: HR 
0.205 [95% CI 0.043–0.968]; composite outcome: HR 
0.264 [95% CI 0.071–0.982]; Table 3B). The association 
disappeared in Model 2, in which other confounders and 
mediators (medications at discharge) were added to the 
analysis (HF readmissions: HR 0.382 [95% CI 0.064–2.274]; 
composite outcome: HR 0.543 [95% CI 0.117–2.526]; 
Table 3B).

Discussion
The present study demonstrated the possible efficacy of 
early initiation of SGLT2i in terms of length of hospital 
stay in patients with ADHF. This is the first report to com-
pare the timing of initiation of SGLT2i. First, hospital stay 
was significantly shorter in the group in which SGLT2i 
were initiated early. When stratified by EF, patients with 
HFrEF and HFmrEF in the early group had a significantly 
shorter hospital stay than those in the late group, whereas 
patients with HFpEF in the early group tended to have a 
shorter hospital stay, although the difference did not reach 
statistical significance. The length of hospital stay is greatly 
influenced by the severity of HF, comorbidities, treatment 
during hospitalization, and transfer to other hospitals. 
However, in the present study, there were no differences 
between the 2 groups in terms of the severity of HF, 
comorbidities, treatment during hospitalization, or rate of 
hospital transfer. Furthermore, in a multivariate analysis 
including these factors, early initiation of SGLT2i was a 
factor strongly associated with a shorter hospital stay.

The early group had a significantly higher 2-day urine 
output. The higher urine output in the early group during 
the first 2 days may be due purely to the additional 

Figure 5.    Kaplan-Meier survival curves showing freedom from (A) heart failure (HF) readmission and (B) the composite outcome 
(death from any cause or HF readmission) over the 3-month period from discharge between the early and late groups. Hazard 
ratios (HRs) and 95% confidence intervals (CIs) were analyzed by Cox proportional hazards regression analysis.
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Table 3.  (A) Univariate Analysis (Model 0) of Factors Associated With HF Readmission and the Composite Outcome in the 3-Month 
Period After Discharge, (B) Multivariate Analysis (Models 1 and 2) of Factors Associated With HF Readmission and the 
Composite Outcome in the 3-Month Period From Discharge

(A) Variables HR 95% CI P value
�HF readmission within 3 months
    On admission
        Age 1.047 0.988–1.108 0.115

        Male sex 0.562 0.158–1.995 0.373

        EF 1.004 0.967–1.042 0.842

        NYHA 1.771 0.640–4.900 0.271

        ICM 1.037 0.268–4.010 0.958

    �    De novo HF 
hospitalization

0.770 0.199–2.981 0.706

        Body weight 0.995 0.960–1.032 0.797

        BMI 0.990 0.889–1.104 0.868

        SBP 0.978 0.956–1.001 0.055

        DBP 0.968 0.937–1.000 0.051

        Heart rate 0.994 0.969–1.020 0.667

        BNP 0.998 0.996–1.000 0.097

        Hb 1.080 0.846–1.377 0.537

        BUN 1.016 0.992–1.044 0.166

        eGFR 0.987 0.956–1.019 0.442

        UA 1.059 0.772–1.452 0.723

        Na 0.960 0.830–1.110 0.581

        K 0.524 0.168–1.635 0.266

        Albumin 2.406 0.585–9.906 0.223

    Treatments in hospital
        Early SGLT2i start 0.183 0.039–0.865 0.032

        NPPV 2.836 0.733–10.97 0.131

        Catecholamine 3.046 0.787–11.79 0.106

        Vasodilator 0.422 0.089–1.988 0.275

        Carperitide 0.838 0.106–6.620 0.867

    Comorbidities
        AF 2.976 0.769–11.51 0.114

        COPD –   0–Inf 0.998

        Diabetes 0.758 0.213–2.686 0.667

        Cancer –   0–Inf 0.998

        CVD –   0–Inf 0.998

        Sleep disorder –   0–Inf 0.998

    At discharge
        NYHA 1.183 0.264–5.288 0.825

        BNP 0.996 0.991–1.002 0.228

        Hb 1.014 0.763–1.346 0.925

        BUN 1.022 0.998–1.045 0.066

        eGFR 0.984 0.947–1.022 0.409

        UA 1.199 0.864–1.665 0.277

        Na 0.960 0.830–1.110 0.581

        K 0.870 0.248–3.044 0.827

        Albumin 2.408 0.585–9.906 0.223

        SBP 0.973 0.935–1.012 0.176

        DBP 0.959 0.910–1.011 0.119

        Heart rate 0.985 0.934–1.040 0.601

        ACEi/ARB 1.022 0.295–3.530 0.972

        ARNI 0.605 0.156–2.341 0.467

        β-blocker 0.119 0.030–0.461 0.002

        MRA 0.310 0.080–1.203 0.090

        PDE3i 1.707 0.362–8.040 0.498

        Loop diuretics –   0–Inf 0.998

        Loop diuretic dose 1.044 1.018–1.071 <0.001　
        Tolvaptan 3.237 0.937–11.18 0.063

(Table 3 continued the next page.)
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(A) Variables HR 95% CI P value

Composite outcome

    On admission

        Age 1.063 1.003–1.128 0.040

        Male sex 0.446 0.136–1.464 0.183

        EF 1.003 0.968–1.040 0.846

        NYHA 1.647 0.627–4.319 0.310

        ICM 0.903 0.239–3.407 0.881

    �    De novo HF 
hospitalization

0.880 0.233–3.320 0.851

        Body weight 0.988 0.953–1.025 0.542

        BMI 0.986 0.889–1.094 0.793

        SBP 0.979 0.958–1.000 0.051

        DBP 0.970 0.941–1.000 0.053

        Heart rate 0.995 0.972–1.019 0.698

        BNP 0.998 0.996–1.000 0.079

        Hb 1.045 0.829–1.318 0.707

        BUN 1.016 0.990–1.042 0.224

        eGFR 0.985 0.958–1.016 0.357

        UA 1.059 0.772–1.452 0.723

        Na 0.942 0.823–1.078 0.383

        K 0.587 0.199–1.728 0.334

        Albumin 2.227 0.584–8.481 0.240

    Treatments in hospital

        Early SGLT2i start 0.162 0.035–0.750 0.019

        NPPV 2.488 0.660–9.382 0.178

        Catecholamine 2.673 0.708–10.08 0.146

        Vasodilator 0.373 0.080–1.729 0.207

        Carperitide 0.752 0.096–5.880 0.786

    Comorbidities

        AF 2.228 0.652–7.612 0.201

        COPD –   0–Inf 0.998

        Diabetes 0.950 0.290–3.115 0.933

        Cancer –   0–Inf 0.998

        CVD –   0–Inf 0.997

        Sleep disorder –   0–Inf 0.998

    At discharge

        NYHA 1.183 0.284–4.919 0.817

        BNP 0.997 0.992–1.002 0.294

        Hb 0.961 0.731–1.264 0.777

        BUN 1.021 0.998–1.044 0.064

        eGFR 0.982 0.946–1.019 0.332

        UA 1.147 0.833–1.576 0.400

        Na 0.934 0.799–1.093 0.397

        K 0.726 0.223–2.380 0.600

        Albumin 1.900 0.490–7.360 0.352

        SBP 0.966 0.929–1.004 0.077

        DBP 0.954 0.907–1.004 0.069

        Heart rate 0.993 0.945–1.045 0.804

        ACEi/ARB 0.848 0.259–2.781 0.786

        ARNI 0.526 0.139–1.986 0.343

        β-blocker 0.103 0.027–0.388 <0.001　
        MRA 0.227 0.066–0.777 0.018

        PDE3i 1.517 0.327–7.023 0.593

        Loop diuretics –   0–Inf 0.998

        Loop diuretic dose 1.040 1.014–1.066 0.002

        Tolvaptan 2.691 0.821–8.819 0.102

(Table 3 continued the next page.)
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the effects of these drugs. Although the sample size was 
small and statistical significance was not reached, the HRs 
for the early initiation of SGLT2i were similarly below 1.0 
in Model 2, suggesting their efficacy.

The major limitation associated with the present study 
is its retrospective, observational nature. Another major 
limitation is that decisions to initiate SGLT2i are left to the 
attending physician, which may have led to selection bias. 
However, because there were no differences in patient 
characteristics between the 2 groups, the influence of 
selection bias seemed to be minimal.

The GDMT for HF is often introduced during hospital-
ization in patients admitted with ADHF. Because it has 
been reported that the effects of SGLT2i and ARNI on 
clinical outcomes can be seen as early as after 1 month 
from initiation,24–27 it is desirable to introduce GDMT as 
early as possible during ADHF hospitalization. Until now, 
it has not been clear when SGLT2i should be initiated during 

in Heart Failure (PARADIGM-HF)21 and Andiontension-
Neprilysin Inhibition in Heart Failure with Preseved 
Ejection Fraction (PARAGON-HF)22 trials, as well as in 
their pooled analysis,23 in HF patients. Combination therapy 
using multiple drugs is now a common therapeutic strategy 
for HF. In this context, SGLT2i have been reported to slow 
the progression of renal dysfunction, are less likely to cause 
hyperkalemia, and are less likely to affect hemodynamics, 
making it easier to introduce other drugs. In the present 
study, symptoms in patients in the early group improved 
earlier, leading to a stabilization of the hemodynamic status 
and allowed the prescription of ARNI and other drugs, 
despite the shorter hospitalization period. This may have 
resulted in differences between the 2 groups in HF read-
mission rates and prognosis during the 3-month period from 
discharge. Differences in HRs for HF rehospitalization 
and the composite outcome in Model 0 and Model 2 (HR: 
0.183 to 0.382 and 0.162 to 0.291, respectively) may reflect 

(B) Variables
Model 1

Variables
Model 2

HR 95% CI P value HR 95% CI P value

�Association with HF 
readmission

�Association with HF 
readmission

    Early SGLT2i start 0.191 0.040–0.907 0.037     Early SGLT2i start 0.342 0.055–2.119 0.249

    On admission     On admission

        Age 1.052 0.983–1.125 0.142         Age 1.026 0.936–1.123 0.581

        EF 1.001 0.962–1.041 0.947         EF 0.953 0.898–1.011 0.113

        SBP 0.975 0.950–1.002 0.065     �    De novo HF 
hospitalization

0.457 0.075–2.785 0.396

        eGFR 1.012 0.974–1.050 0.543         SBP 0.980 0.941–1.022 0.349

        DBP 1.017 0.956–1.082 0.585

        BNP 0.998 0.996–1.001 0.181

        eGFR 1.018 0.980–1.057 0.342

    At discharge

        ACEi/ARB 0.619 0.076–4.997 0.652

        ARNI 1.265 0.135–11.84 0.837

        β-blocker 0.231 0.023–2.294 0.211

        MRA 0.170 0.024–1.173 0.072

        Loop diuretic dose 1.052 1.008–1.099 0.021

        Tolvaptan 1.450 0.298–7.030 0.644

�Association with 
composite outcome

�Association with 
composite outcome

    Early SGLT2i start 0.165 0.035–0.770 0.021     Early SGLT2i start 0.291 0.048–1.756 0.178

    On admission     On admission

        Age 1.075 1.002–1.153 0.044         Age 1.035 0.947–1.131 0.448

        EF 0.998 0.961–1.036 0.925         EF 0.945 0.891–1.003 0.063

        SBP 0.975 0.951–1.001 0.059     �    De novo HF 
hospitalization

0.450 0.075–2.700 0.362

        eGFR 1.013 0.976–1.050 0.501         SBP 0.979 0.940–1.020 0.316

        DBP 1.020 0.959–1.086 0.522

        BNP 0.998 0.996–1.001 0.151

        eGFR 1.024 0.985–1.064 0.221

    At discharge

        ACEi/ARB 0.320 0.047–2.178 0.244

        ARNI 0.719 0.092–5.591 0.753

        β-blocker 0.218 0.020–2.280 0.203

        MRA 0.102 0.016–0.652 0.015

        Loop diuretic dose 1.046 1.003–1.091 0.036

        Tolvaptan 1.391 0.291–6.634 0.679

CI, confidence interval; HF, heart failure; HR, hazard ratio; Inf, infinite. Other abbreviations as in Table 1.
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hospitalization, and the criteria for initiation varied from 
one attending physician to another. The finding of this 
study suggest that early initiation of SGLT2i after hospi-
talization leads to a shorter hospital stay and improves the 
3-month prognosis. The results of this study may help in to 
establish routine clinical practice for patients with ADHF 
in the future.

In conclusion, early initiation of SGLT2i may shorten 
hospital stays and is associated with reduced short-term 
HF readmissions and better prognosis.
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