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Early Initiation of Dapagliflozin during Hospitalization for
Acute Heart Failure Is Associated with a Shorter Hospital
Stay
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Abstract:

Objective Sodium-glucose co-transporter-2 inhibitors (SGLT2is), such as dapagliflozin, have a diuretic ef-
fect, and their early initiation to treat acute heart failure (AHF) may improve outcomes; however, the signifi-
cance of the timing of starting dapagliflozin after hospital admission remains unclear.

Methods We performed a post hoc analysis of a prospective, observational registry. Participants were di-
vided into the early (E) group and late (L) group using the median time to the initiation of dapagliflozin (6
days) as the cut-off. We evaluated the relationship between the time to the initiation of dapagliflozin after
hospital admission and patient characteristics and the length of the hospital stay.

Patients Study subjects were 118 patients with AHF admitted between January 2021 and April 2022 who
were started on dapagliflozin treatment (10 mg/day).

Results Patients were divided into the E group (n=63) and L group (n=55). The HF severity as evaluated
by the New York Heart Association class and the N-terminal pro-brain natriuretic peptide level was not sig-
nificantly different between the groups. The time to the initiation of dapagliflozin and length of hospital stay
showed a significant positive correlation (p<0.001, r=0.46). The hospital stay was significantly shorter in
group E [median, 16.5 days; interquartile range (IQR): 13-22 days] than in group L (median, 22 days; IQR:
17-27 days; p=0.002). A multivariate logistic regression analysis showed that the early initiation of dapagli-
flozin was independently associated with a shorter hospital stay, even after multiple adjustments.

Conclusion Early initiation of dapagliflozin after hospital admission is associated with a shorter hospital
stay, suggesting it is a key factor for shortening hospital stays.
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term readmission and mortality risk (4).
Decongestion optimization  of
guideline-directed medical therapies are major objectives

Introduction with  diuretics and

Acute heart failure (AHF) is a major health problem
worldwide. It is the leading cause of hospitalization and has
high mortality (1). Nearly 20% of patients discharged with a
diagnosis of HF are readmitted within 30 days (2), and 44%
are readmitted for any cause within 6 months (3). Further-
more, a longer hospital stay for HF is associated with short-

during hospitalization for AHF. Dapagliflozin, a sodium-
glucose co-transporter-2 inhibitor (SGLT21i), has been shown
to reduce hospital admissions for HF, kidney disease pro-
gression, and cardiovascular mortality among patients with
stable chronic HF with a reduced ejection fraction
(HFrEF) (5-7). Furthermore, adding an SGLT2i to treatment
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with loop diuretics was shown to cause beneficial natriure-
sis, which resulted in an improved congestive status (8).

Recently, researchers have become increasingly interested
in the effects of early initiation of SGLT2is in AHF, but the
associated benefits remain unclear, and the clinical effects of
the early initiation of dapagliflozin in addition to standard
treatment with loop diuretics have not been fully evalu-
ated (9, 10). In AHF, the early initiation of diuretics has
beneficial effects on the management of congestion and the
early initiation of loop diuretics reduces in-hospital mortal-
ity (11). Furthermore, a recent study showed that the early
initiation of the vasopressin V2 receptor antagonist tolvaptan
was associated with a shortened hospital stay (12). However,
the effects of the early initiation of dapagliflozin on the
length of the hospital stay in patients with AHF remain to
be investigated.

Therefore, the present study examined the association be-
tween the early initiation of dapagliflozin treatment and pa-
tient characteristics and the length of the hospital stay in pa-
tients hospitalized for AHF.

Materials and Methods

Patients and study protocol

The present study used data from the SAKURA HF
REGISTRY-2 (UMIN 000043852), a single-center, prospec-
tive, observational cohort registry. This registry enrolled
consecutive patients with AHF admitted to Nihon University
Itabashi Hospital, Tokyo, Japan, who agreed to be followed
for the collection of outcome data. The diagnosis of AHF
was based on the Framingham criteria (13). All patients pro-
vided their informed consent.

To evaluate potential prognostic factors, demographic,
laboratory and echocardiographic data were obtained at ad-
mission and discharge. We assessed clinical scenarios at ad-
mission; a clinical scenario is a classification system consid-
ering the systolic blood pressure and other symptoms: (CS1)
dyspnea and/or congestion with systolic blood pressure >140
mm Hg; (CS2) dyspnea and/or congestion with systolic
blood pressure 100-140 mm Hg; (CS3) dyspnea and/or con-
gestion with systolic blood pressure <100 mm Hg; (CS4)
dyspnea and/or congestion with signs of acute coronary syn-
drome; and (CS5) isolated right ventricular failure (14).

We screened all patients enrolled in the registry between
January 2021 and April 2022. The total number of patients
was 463, but we excluded 29 who died during the hospital
stay, 103 who were transferred to other hospitals, 42 who
were already taking an SGLT2i before admission, 164 who
were not treated with dapagliflozin, and 7 who started da-
pagliflozin but then discontinued it. We therefore ultimately
analyzed data from 118 patients who were continuously
treated with dapagliflozin (10 mg once daily) after hospital
admission. There were no patients who were treated with 5
mg of dapagliflozin. Study participants were divided into an
early group (group E) and late group (group L) using the

median time to the initiation of dapagliflozin after hospital
admission as a cut-off.

The study complied with the principles of the Declaration
of Helsinki, and the use of patient information was approved
by the Nihon University Itabashi Hospital Ethics Committee
(RK-180612-2).

Laboratory tests and the evaluation of the volume
status

Laboratory tests, including assessments of hemoglobin,
sodium, total bilirubin, creatinine, blood urea nitrogen
(BUN), and N-terminal pro-brain natriuretic peptide (NT-pro
BNP) values, were performed within 24 hours of admission
and within 7 days before discharge. When performing labo-
ratory tests at discharge, all patients had improved conges-
tion and were not on intravenous therapy. The estimated
glomerular filtration rate (eGFR) was calculated from the se-
rum creatinine value. The estimated plasma volume status
(ePVS) was calculated using the Strauss-derived Duarte for-
mula with the hematocrit and hemoglobin values at admis-
sion and discharge, as follows: ePVS (dL/g)=[100-
hematocrit (%)]/hemoglobin (g/dL) (15). The change in the
ePVS from admission to discharge was calculated and ex-
pressed as the AePVS. In addition, the Strauss-Davis-
Rosenbaum formula was used as another calculation method
to represent changes in the plasma volume, as follows: %
APV=[((Hb1/Hb2)x((100-Hct2)/(100-Hct1)))-1]x100, where
Hb1 is the hemoglobin level at admission, Hb2 that at dis-
charge, Hctl the hematocrit value at admission, and Hct2
that at discharge (16). The study flow is presented in Fig. 1.

Echocardiography

On admission, echocardiography was performed by expe-
rienced sonographers according to the American Society of
Echocardiography guidelines (17). The left ventricular (LV)
diastolic diameter (LVDd) and left atrial diameter (LAD)
were measured on the parasternal long-axis view, and the
LV ejection fraction (LVEF) was calculated by the modified
Simpson method or the Teichholz method. The right ven-
tricular (RV) end-diastolic diameter (RVDd) was measured
at the basal ventricular level of the right ventricle. The LV
diastolic function was calculated as the ratio of the early
transmitral flow velocity to the mitral annular velocity
(E/e’), which was assessed by transmitral Doppler flow and
tissue Doppler imaging. Valve regurgitations were graded on
a four-point scale (trivial, mild, moderate, or severe) from
color flow Doppler images. The tricuspid regurgitation pres-
sure gradient was measured by continuous-wave Doppler
imaging. The diameter of the inferior vena cava in its long
axis was measured from the subcostal view.

Introduction of an SGLT2i during hospitalization

To improve patient outcomes, starting in April 2021 [the
time of release of the JCS/JHFS 2021 Guideline Focused
Update on Diagnosis and Treatment of Acute and Chronic
Heart Failure (18)], through lectures and/or ward rounds,
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Figure 1. Study flow of the present study.

each physician treating patients in our registry was fully
educated on new medications for HFrEF, including an-
giotensin receptor-neprilysin inhibitors (ARNIs), SGLT2is,
and ivabradine, and was motivated to use them. Use of da-
pagliflozin 10 mg once daily was indicated in patients with
HFrEF with stabilized hemodynamic conditions after relief
of pulmonary congestion by the standard treatment for acute
decompensated HF, such as vasodilation or loop diuretics; in
patients receiving guideline-directed medical therapy; and in
patients with an eGFR >25 mL/min/1.73 m’. For de novo
AHF, with reference to the proposed algorithm of the
American Heart Association (19), our drug introduction pro-
cedure is to initiate a small dose of an angiotensin-
converting enzyme inhibitor (ACE-I) or angiotensin receptor
blocker (ARB), B-blocker, and SGLT-2i and then switch to
an ARNI from ACE-Is or ARBs and initiate mineralocorti-
coid receptor antagonist (MRA). In patients with HF with a
preserved ejection fraction (HFpEF), for insurance indication
reasons in Japan, dapagliflozin is introduced to patients with
type 2 diabetes and/or chronic kidney disease. However, da-
pagliflozin has also been shown to be safe in HFpEF pa-
tients without type 2 diabetes and chronic kidney dis-
ease (20).

Evaluations and study outcomes

We evaluated the relationship between the time to the in-
itiation of dapagliflozin after hospital admission and patient
characteristics and the length of the hospital stay. The me-
dian length of the hospital stay in the study population was
19 days, so we defined a long hospital stay as that of >19
days. In addition, a composite event of rehospitalization for
HF and all-cause death within 30 and 90 days was evalu-
ated.

Statistical analyses

Continuous data were expressed as the meanzstandard de-
viation (SD) if they were symmetrically distributed or as the
median [interquartile range (IQR)] if they were asymmetri-
cally distributed. Comparisons were performed with Stu-

dent’s z-test or Wilcoxon’s rank sum test. Categorical data
were compared with the chi-squared test and expressed as
numbers and percentages. Univariate and multivariate logis-
tic regression analyses were performed to evaluate the asso-
ciation between the time to the initiation of dapagliflozin af-
ter admission and the length of the hospital stay. In the mul-
tivariate logistic regression analysis, we constructed a multi-
variate model to adjust for the factors related to the severity
of HF; the model included the age, sex, New York Heart As-
sociation (NYHA) class, natural log (In) NT-pro BNP (NT-
pro BNP data were subjected to natural log transformation
to meet model assumptions), eGFR at admission, and HF
type (de novo AHF or worsening HF). Odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated. To de-
termine the association between the early initiation of da-
pagliflozin and the length of the hospital stay, propensity
score matching was performed on key baseline characteris-
tics (age, sex, hypertension, ischemic etiology, and ePVS
and hemoglobin values at admission) to balance the two
groups with regard to possible confounding factors. Match-
ing was achieved by a 1:1 nearest neighbor approach (with-
out replacement) within a caliper of 0.05 of the SD.

Statistical analyses were performed with the JMP Pro
software program, ver. 16.1.0 (SAS Institute, Cary, USA). A
p value <0.05 was considered statistically significant.

Results

Baseline characteristics

In the present study, the median time from hospital ad-
mission to the initiation of dapagliflozin was six days. Thus,
patients who started treatment with dapagliflozin within 6
days after admission were assigned to group E (n=63), and
those who started treatment with dapagliflozin on day 7 or
later were assigned to group L (n=55).

Table 1 shows the baseline characteristics of the groups.
The severity of HF evaluated by the NYHA class and NT-
pro BNP level was not significantly different between the
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Table 1. Baseline Characteristics of Patients Divided into Two Groups by the Median Time to Ini-
tiation of Dapagliflozin after Hospital Admission (Early Initiation, i.e., by Day 6, Group E; Late Ini-
tiation, i.e., on Day 7 or Later, Group L).

Group E (n=63) Group L (n=55) p value
Demographic variables
Age, median (IQR), y 68 (55,77) 77 (62, 82) 0.033
Male, n (%) 44 (69.8) 38 (69.0) 0.92
Body mass index at admission, median (IQR), kg/m? 26.6 (23.4,30.4) 24.6 (22.6, 28.8) 0.24
Systolic BP at admission, median (IQR), mmHg 142 (123, 178) 147 (128, 170) 0.86
Type 2 diabetes, n (%) 27 (42.8) 21 (38.1) 0.60
Hypertension, n (%) 42 (66.6) 47 (85.4) 0.016
COPD, n (%) 5(7.94) 4 (7.55) 0.93
Atrial fibrillation, n (%) 24 (38.1) 25 (45.4) 0.41
Ischemic etiology, n (%) 13 (20.6) 20 (36.3) 0.057
HFpEF, n (%) 20 (31.7) 20 (36.3) 0.59
NYHA class >III, n (%) 40 (63.4) 42 (76.3) 0.12
HF type 0.43
De novo AHF, n (%) 40 (63.5) 31 (56.4)
Worsening HF, n (%) 23 (36.5) 24 (43.6)
Clinical scenario classification 0.31
CS 1,n (%) 28 (44.4) 32 (58.1) 0.13
CS 2,1 (%) 31 (49.2) 18 (32.79) 0.068
CS 3,n (%) 1(1.59) 2 (3.64) 0.47
CS 4,n (%) 3 (4.76) 3(5.45) 0.86
CS 5,n (%) 0(0) 0(0) -
Laboratory variables at admission
Hemoglobin, mean+SD, g/dL 13.2+2.4 12.3+2.3 0.038
Hematocrit, mean+SD, % 40.8+6.9 38.4+6.6 0.053
Total bilirubin, median (IQR), mg/dL 0.81 (0.60, 1.29) 0.88 (0.59, 1.31) 0.89
AST, median (IQR), U/L 32 (24,55) 29 (22, 47) 0.24
ALT, median (IQR), U/L 27 (22, 47) 20 (13, 37) 0.011
Albumin, median (IQR), g/dL 3.6(3.3,3.9) 3.5(3.1,3.8) 0.16
Sodium, median (IQR), mEq/L 141 (139, 143) 141 (138, 143) 0.76
BUN, median (IQR), mg/dL 19.0 (15.5,25.1) 20.5 (14.9, 26.6) 0.82
Cr, median (IQR), mg/dL 1.05 (0.87, 1.38) 0.97 (0.85, 1.38) 0.53
eGFR, mean+SD, mL/min/1.73 m?2 50.7x17.6 50.6x16.4 0.95
C-reactive protein, median (IQR) mg/dL 0.38 (0.16, 1.08) 0.76 (0.23, 3.13) 0.012
NT pro-BNP, median (IQR), pg/mL 3,696 (2,161, 9,220) 4,680 (2,411, 9,090) 0.52
ePVS, median (IQR), dL/g 4.46 (3.53, 5.50) 4.93 (4.28, 6.20) 0.043
Echocardiographic variables at admission
LVDd, mean+SD, mm 58+9 53+9 0.008
LVEF, median (IQR), % 38 (28,57) 46 (31, 58) 0.30
LAD, median (IQR), mm 46 (42, 51) 45 (42, 51) 0.71
E, mean+SD, m/s 92430 95+29 0.54
E/e’ ratio, median (IQR) 16.9 (13.0, 23.5) 18.1 (15.0, 23.3) 0.51
RVDd, mean+SD, mm 36+8 35+6 0.35
Moderate or severe TR, n (%) 15 (25.0) 18 (36.7) 0.18
TRPG, median (IQR), mmHg 25 (20, 36) 29 (22, 38) 0.16
Maximal IVC diameter, mean+SD, mm 18+4 18+5 0.99
Medications at admission
ACE-I or ARB, n (%) 27 (42.8) 20 (36.3) 0.47
ARNI, n (%) 1(1.59) 3(5.45) 0.23
Beta-blocker, n (%) 26 (41.2) 20 (36.3) 0.89
Ivabradine, n (%) 1(1.59) 0(0) 0.26
Aldosterone antagonist, n (%) 9(14.2) 9(16.3) 0.75
Loop diuretic, n (%) 53 (84.1) 44 (80.0) 0.55
Tolvaptan, n (%) 4(6.35) 7(12.7) 0.23
DPP4-1, n (%) 13 (20.6) 6 (10.9) 0.14
SGLT-2 inhibitor, n (%) 0(0) 0(0) -

3110



Intern Med 62: 3107-3117, 2023 DOI: 10.2169/internalmedicine.1215-22

Table 1. Baseline Characteristics of Patients Divided into Two Groups by the Median Time to Ini-

tiation of Dapagliflozin after Hospital Admission (Early Initiation, i.e., by Day 6, Group E; Late Ini-

tiation, i.e., on Day 7 or Later, Group L). (Continued)

Group E (n=63) Group L (n=55) p value
Laboratory variables at discharge
Hemoglobin, median (IQR), g/dL. 13.4 (12.1, 15.7) 12.2 (10.7, 14.0) 0.011
Hematocrit, median (IQR), % 42.4 (38.2,48.0) 38 (34.6, 44.8) 0.016
Total bilirubin, median (IQR), mg/dL 0.62 (0.47, 0.86) 0.57 (0.45,0.74) 0.29
AST, median (IQR), U/L 22 (18, 32) 23 (18, 31) 0.58
ALT, median (IQR), U/L 20 (14, 35) 21 (12, 30) 0.40
Albumin, mean+SD, g/dL 3.6+0.4 3.4+0.4 0.11
Sodium, median (IQR), mEqg/L 140 (139, 142) 140 (138, 142) 0.61
BUN, median (IQR), mg/dL 21.4(16.4,26.1) 25.0 (17.6, 30.3) 0.24
Cr, median (IQR), mg/dL 1.08 (0.90, 1.41) 1.12 (0.87, 1.46) 0.72
eGFR, median (IQR), mL/min/1.73 m? 46.2 (34.6, 59.0) 47.6 (34.4,57.3) 0.65
C-reactive protein, median (IQR) mg/dL 0.19 (0.10, 0.51) 0.29 (0.10, 0.78) 0.95
NT pro-BNP, median (IQR), pg/mL 1,032 (286, 2,072) 1,107 (397, 2,211) 0.63
ePVS, median (IQR), dL/g 4.37 (3.30,5.12) 5.01 (3.80, 6.08) 0.010
AePVS, median (IQR), dL/g 0.37 (-0.16, 0.82) 0.39 (-0.58, 0.94) 0.74
%AePVS, median (IQR), % -8.8 (-18.0, 4.65) -7.55 (-19.6, 9.54) 0.71
Medications at discharge
ACE-I or ARB, n (%) 34 (53.9) 25 (45.4) 0.35
ARNI, n (%) 26 (41.2) 20 (36.3) 0.58
Beta-blocker, n (%) 58 (92.0) 51(92.7) 0.89
Ivabradine, n (%) 7(11.1) 3(5.45) 0.26
Aldosterone antagonist, n (%) 48 (76.1) 36 (65.4) 0.19
Loop diuretic, n (%) 53 (84.1) 44 (80.0) 0.55
Tolvaptan, n (%) 22 (34.9) 20 (36.3) 0.87
DPP4-1, n (%) 16 (25.4) 10 (18.1) 0.34

Significant p values are written in bold.

For multiple comparisons, analysis of variance was used for symmetrical continuous variables, the Kruskal-Wallis test was

used for asymmetric continuous variables, and the chi-squared test was used for categorical variables.

ACE-I: angiotensin converting enzyme inhibitor, AHF: acute heart failure, ALT: alanine aminotransferase, ARB: angiotensin

II receptor blocker, ARNI: angiotensin receptor-neprilysin inhibitor, AST: aspartate aminotransferase, BP: blood pressure,

BUN: blood urea nitrogen, COPD: chronic obstructive pulmonary disease, Cr: creatinine, CS: clinical scenario, DPP4-I: di-

peptidyl peptidase-4 inhibitor, E: peak early diastolic transmitral flow velocity, e’: peak early diastolic mean mitral annular

velocity, eGFR: estimated glomerular filtration rate, ePVS: estimated plasma volume status, HFpEF: heart failure with pre-

served ejection fraction, IQR: interquartile range, IVC: inferior vena cava, LAD: left atrial dimension, LVDd: left ventricular

end-diastolic dimension, LVEF: left ventricular ejection fraction, NT pro-BNP: N-terminal pro-brain natriuretic peptide,

NYHA: New York Heart Association, RVDd: right ventricular end-diastolic dimension, TR: tricuspid regurgitation, TRPG:

tricuspid regurgitation pressure gradient

two groups. In addition, there were no significant differ-
ences in the sex; body mass index; systolic blood pressure;
rates of type 2 diabetes, chronic obstructive pulmonary dis-
ease, and atrial fibrillation, ischemic etiology; classification
of HF according to the ejection fraction; other medications
at admission and discharge; or CS classification. Participants
in group E were significantly younger than those in group L
[median age, 68 (IQR: 55-77) years old vs. 77 (IQR: 62-82)
years old, respectively; p=0.033], and group E had signifi-
cantly fewer patients with hypertension than group L [n=42
(66.6%) vs. 47 (85.4%), respectively; p=0.016]. Regarding
the laboratory findings, hemoglobin and alanine aminotrans-
ferase levels at admission and the hemoglobin and hema-
tocrit levels at discharge were significantly higher in group
E than in group L. The ePVS was significantly lower in
group E than in group L at both admission [median, 4.46

(IQR: 3.53-5.50) vs. 4.93 (IQR: 4.28-6.20); p=0.043] and
discharge [median, 4.37 (IQR: 3.30-5.12) vs. 5.01 (IQR:
3.80-6.08); p=0.010]. Of note, the AePVS and %AePVS, i.e.
the change in the ePVS from admission to discharge, were
similar in the two groups. There were no significant differ-
ences in the other laboratory data. At admission, the mean
echocardiographic LVDd was greater in group E than in
group L (5849 vs. 53+9, respectively; p=0.008), but the
other echocardiographic data were not significantly different
between the groups.

Time to the initiation of dapagliflozin and length of
hospital stay

We constructed a regression curve depicting the relation-
ship between the time to the initiation of dapagliflozin after
hospital admission and the length of the hospital stay
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Figure 2. Regression curve of the relationship between the
time to the initiation of dapagliflozin after hospital admission
and the length of the hospital stay. The two variables showed a
significant positive correlation (r=0.46, p<0.001).

(Fig. 2). The two variables showed a significant positive cor-
relation (r=0.46, p<0.001), and the length of the hospital
stay was significantly shorter in group E than in group L
[median, 16.5 (IQR: 13-22) days vs. 22 (IQR: 17-27) days,
respectively; p=0.002] (Fig. 3). Composite events within 30
and 90 days between groups E and L did not differ signifi-
cantly (p=0.26, p=0.83, Supplementary material 1).

Univariate and multivariate analyses to identify fac-
tors associated with a longer hospital stay

The median length of the hospital stay was 19 days, so
we defined a longer stay as 219 days and performed univari-
ate and multivariate analyses to evaluate the associated fac-
tors. A univariate logistic regression analysis revealed that
both the time to the initiation of dapagliflozin after admis-
sion and the early initiation of dapagliflozin (within 6 days)
were significantly associated with a shorter hospital stay, as
was the use of dobutamine and tolvaptan (all p<0.05, Ta-
ble 2).

A multivariate logistic regression analysis showed that the
time to the initiation of dapagliflozin after hospital admis-
sion was significantly associated with a longer hospital stay
and that the early initiation of dapagliflozin (within 6 days)
was significantly associated with a shorter hospital stay,
even after adjusting for the age, sex, NYHA class, In NT-
pro BNP, and eGFR at admission (all p<0.05, Table 3,
model 1). Furthermore, in the multivariable linear regression
analysis, the time from admission to the initiation of da-
pagliflozin was significantly associated with the length of
hospital stay, even after adjusting for potential confounders
(age, In NT-pro BNP, eGFR at admission) (Supplementary
material 2).

Propensity score matching

Propensity score matching resulted in 33 patient pairs, as
indicated in Table 4. An analysis of these pairs also showed
that the length of hospital stay was significantly shorter in
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Figure 3. A comparison of the length of the hospital stay in
the patients with early and late initiation of dapagliflozin treat-
ment. The length of the hospital stay was significantly shorter
in the group with early initiation (group E) than in the group
with late initiation [group L; median, 16.5 (interquartile range
(IQR): 13-22) days and 22 (IQR: 17-27) days; p=0.001].

group E than in group L [median, 18 (IQR: 15-22) days and
24 (IQR: 17-27) days, respectively; p=0.038].

For the sensitivity analysis, we also performed propensity
score matching on age, sex, LVEF, NT-pro BNP, eGFR, and
NYHA class. The length of hospital stay was also signifi-
cantly shorter in group E (n=28) than in group L (n=28)
[median, 17 (IQR: 14-26) days and 23 (IQR: 17-32) days,
respectively; p=0.031] (Supplementary material 3).

HF type and the length of hospital stay

As a sensitivity analysis, we also examined the associa-
tion between HF types (de novo AHF or worsening HF) and
the length of stay. With de novo AHF, the length of the hos-
pital stay was significantly shorter in group E than in group
L [median, 16 (IQR: 13-22) days vs. 22 (IQR: 17-30) days,
p=0.01]. Conversely, with worsening HF, there were no sig-
nificant differences between the groups [median, 18 (IQR:
13-21) days vs. 21 (IQR: 16-26) days, p=0.08]. However, in
the whole population, the length of the hospital stay was
significantly shorter in group E (n=63) than in group L (n=
55) (p=0.002), and the difference remained significant even
after adjusting for the HF type (p<0.001). Furthermore, in
the multivariate logistic analysis, the association between the
time to the initiation of dapagliflozin and the length of hos-
pital stay was consistent, even after adjusting for the HF
type (all p<0.05, Table 3, model 2 and model 3).

Discussion

The present study is the first to report an association be-
tween the timing of starting dapagliflozin administration af-
ter hospital admission and the length of the hospital stay in
patients with AHF. There were four major findings. First,
patients who started dapagliflozin treatment earlier after ad-
mission had a shorter hospital stay than those who started
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Table 2. Univariate Logistic Regression Analyses of Factors Associated with a

Longer Hospital Stay (219 Days) in Patients with Early or Late Initiation of Dapa-

gliflozin Treatment after Hospital Admission.

Item Odds ratio 95% CI p value
Demographic variables
Age (per 1-year increase) 0.97 0.95-1.00 0.09
Male sex 2.11 0.94-4.69  0.067
Body mass index at admission (per 1 kg/m? increase) 1.05 0.99-1.12 0.08
Type 2 diabetes 2.43 1.13-5.18  0.021
Hypertension 1.44 0.62-3.34 0.39
Atrial fibrillation 0.95 0.45-1.98 0.90
Ischemic etiology 1.96 0.86-4.50 0.10
NYHA class 2111 1.29 0.59-2.83 0.51
HF type (de novo HF vs. worsening HF) 1.20 0.57-2.51 0.62
Early initiation of dapagliflozin (<6 days) 0.40 0.19-0.84  0.016
Time to initiation of dapagliflozin after admission 1.14 1.04-1.25  <0.001
Use of dobutamine 4.85 1.00-23.5 0.049
Laboratory variables at admission
Hemoglobin (per 1-g/dL increase) 1.06 0.91-1.23 0.41
Total bilirubin (per 0.1-mg/dL increase) 1.01 0.96-1.06 0.56
Albumin (per 1-g/dL increase) 0.94 0.45-1.99 0.89
Sodium (per 1-mmol/L increase) 0.99 0.90-1.08 0.86
BUN (per 1-mg/dL increase) 1.00 0.96-1.04 0.87
Cr (per 0.1-mg/dL increase) 1.05 0.97-1.13 0.15
eGFR (per 1-mL/min/1.73 m?) 0.99 0.97-1.01 0.45
In [NT-pro BNP] (per 1-increase) 0.90 0.65-1.24 0.54
Echocardiographic variables at admission
LVDd (per 1-mm increase) 1.00 0.96-1.04 0.75
LVEEF (per 10% increase) 1.12 0.89-1.41 0.31
LAD (per 1-mm increase) 1.02 0.97-1.07 0.37
E/e’ (per 1 increase) 0.97 0.91-1.02 0.28
RVDd (per 1-mm increase) 1.01 0.96-1.06 0.62
TRPG (per 1-mmHg increase) 0.98 0.95-1.02 0.40
Medications at discharge
ACE-I or ARB 0.62 0.29-1.28 0.19
ARNI 1.03 0.49-2.17 0.93
Beta-blocker 1.37 0.34-5.37 0.65
Ivabradine 0.59 0.15-2.23 0.44
Aldosterone antagonist 0.66 0.29-1.49 0.32
Loop diuretic 1.21 0.47-3.13 0.68
Tolvaptan 2.60 1.18-5.71 0.016

Significant p values are written in bold.

ACE-I: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, ARNI: angio-

tensin receptor-neprilysin inhibitor, BUN: blood urea nitrogen, Cr: creatinine, E: peak early diastolic

transmitral flow velocity, e’: peak early diastolic mean mitral annular velocity, eGFR: estimated glo-

merular filtration rate, LAD: left atrial dimension, In: natural log, LVDd: left ventricular end-diastolic

dimension, LVEF: left ventricular ejection fraction, NT pro-BNP: N-terminal pro-brain natriuretic pep-
tide, NYHA: New York Heart Association, RVDd: right ventricular end-diastolic dimension, TRPG:

tricuspid regurgitation pressure gradient

later. Second, the early initiation of dapagliflozin was sig-
nificantly and independently associated with a shorter hospi-
tal stay. Third, even after propensity score matching, the
early initiation group had a shorter hospital stay than the
late initiation group. Finally, the changes in the plasma vol-
ume during hospitalization were similar in the early and late
initiation groups.

Recently, SGLT2is have been recommended as a funda-

mental therapy for patients with HF because of the benefi-
cial effect of these drugs on the clinical prognosis (21). Al-
though clinical practice guidelines recommend dapagliflozin
or empagliflozin for HFrEF, the timing of the initiation of
these drugs is not well defined (22). Recently, several clini-
cal studies have reported favorable effects of early, upfront
initiation of these drugs in patients hospitalized with HFE.
For example, the SOLOIST-WHF (Effect of Sotagliflozin on
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Table 3. Multivariate Logistic Regression Analyses for the Association be-
tween Longer Hospital Stay (219 Days) and the Time to Initiation of Dapa-

gliflozin Treatment after Hospital Admission.

Early initiation of dapagliflozin

Time from admission to initiation of

(<6 days) dapagliflozin (per 1-day increase)
Odds ratio 95% C1 p value  Odds ratio 95% C1 p value

Model 1 0.28 0.12-0.66  0.003 1.19 1.06-1.32  <0.001
Model 2 0.33 0.15-0.74  0.007 1.16 1.05-1.28 <0.001
Model 3 0.28 0.12-0.66  0.003 1.18 1.06-1.32  <0.001

CI: confidence interval

Model 1: Age; sex, New York Heart Association class 2III, natural log of N-terminal pro-brain na-

triuretic peptide level at admission, estimated glomerular filtration rate at admission

Model 2: Age; sex, HF type (de novo AHF or worsening HF)

Model 3: Age; sex, New York Heart Association class 2III, natural log of N-terminal pro-brain na-

triuretic peptide level at admission, estimated glomerular filtration rate at admission, HF type (de

novo AHF or worsening HF)

Cardiovascular Events in Patients with Type 2 Diabetes Post
Worsening Heart Failure) trial enrolled patients either during
hospitalization for AHF or within three days after hospital
discharge who had received intravenous diuretic therapy and
were transitioning from intravenous to oral diuretic therapy.
In that trial, sotagliflozin therapy resulted in a significantly
lower total number of cardiovascular deaths and hospitaliza-
tions and urgent visits for HF in patients with type 2 diabe-
tes and AHF than placebo (7). The EMPULSE trial (a study
to test the effect of empagliflozin in patients who are in hos-
pital for acute HF) enrolled patients with AHF who were
stabilized between 24 hours and 5 days after admission, in-
cluding during administration of intravenous diuretics, and
examined outcomes such as mortality and worsening HF 90
days after discharge (23). That trial showed that empagli-
flozin reduced the primary composite endpoints of death,
number of HF events, time to first HF event, and change
from baseline in the Kansas City Cardiomyopathy Question-
naire total symptom score, as evaluated by the win ratio.
More recently, the clinical benefits and safety of the early
initiation of dapagliflozin in AHF has become a topic of
high interest, and a large clinical trial is currently ongo-
ing (10).

Our results revealed that patients who started dapagli-
flozin treatment earlier during hospitalization had a shorter
hospital stay than those who started later, even though there
was no marked difference between the two groups in con-
comitant medications, including tolvaptan,
inotropic drugs, EF, and the severity of HF. Furthermore, the
late initiation of dapagliflozin was significantly and inde-
pendently associated with a longer hospital stay. In the mul-
tivariate analysis adjusted for factors related to the length of
hospital stay, the early initiation of dapagliflozin was also
significantly associated with a shorter hospital stay. Even af-
ter propensity score matching, the group with the early in-
itiation of dapagliflozin had a shorter hospital stay than the
group with late initiation of the drug. These results suggest
that earlier initiation of dapagliflozin may be beneficial in
AHF.

the use of

The rehospitalization rate for AHF was reported to be
higher after a longer initial hospital stay (4). Therefore, the
early initiation of dapagliflozin may reduce the length of the
hospital stay, which may lead to a lower readmission rate.
Regarding the HF type (de novo AHF or worsening HF), it
should be noted that the length of hospital stay was shorter
in patients who started dapagliflozin treatment earlier in the
case of de novo AHF; however, there were no significant
differences between the groups in the case of worsening HF.
Despite performing additional analyses, including a multi-
variate logistic analysis, we cannot exclude the possibility of
some effect of the HF type on our findings.

Our results also showed that the changes in plasma vol-
ume during hospitalization were not inferior in the early in-
itiation group compared with the late initiation group. Re-
cently, the early initiation of empagliflozin in addition to
standard treatment was reported to be safe and to increase
urine output without affecting the renal function, suggesting
that SGLT2is may have some beneficial effects on decon-
gestion in AHF (24, 25). Our results suggest that, although
the early initiation group was discharged earlier, their decon-
gestion therapy had been completed because their conges-
tion status was not worse than that of the late initiation
group.

SGLT2is decreases sodium and glucose reabsorption in
the early proximal tubule and induce natriuresis and an os-
motic diuretic effect (26). Adding an SGLT2i to treatment
with loop diuretics was shown to cause beneficial natriure-
sis, which resulted in improved congestive status. This effect
has already begun manifesting by three hours after SGLT2i
administration (8). In addition, SGLT2is immediately de-
creases the systolic blood pressure and cause improvements
in the systemic endothelial function and arterial stiffness via
oxidative stress reduction (27). Given these previous find-
ings, we speculate that the early introduction of dapagli-
flozin in this study may have led to an early improvement in
the plasma volume and reduction in the afterload, which
may have resulted in early discharge.

Several limitations associated with the present study war-
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Table 4. Propensity Score Matching of Baseline Characteristics of Patients Divided into Two Groups
by the Median Time to Initiation of Dapagliflozin after Hospital Admission (Early Initiation, i.e., by
Day 6, Group E; Late Initiation, i.e., on Day 7 or Later, Group L).

Group E (n=33) Group L (n=33) p value
Demographic variables
Age, mean+SD, y 66+14 67+15 0.69
Male sex, n (%) 23 (69.7) 24 (72.7) 0.78
Body mass index at admission, median (IQR), kg/m? 26.6 (23.9, 31.6) 26.1 (23.5, 30.1) 0.67
Systolic BP at admission, mean+SD, mmHg 153+41 153+32 0.94
Type 2 diabetes, n (%) 12 (36.3) 13 (39.3) 0.79
Hypertension, n (%) 29 (87.8) 27 (81.8) 0.49
COPD, n (%) 3(9.0) 4 (12.5) 0.65
Atrial fibrillation, n (%) 15 (45.4) 18 (54.5) 0.45
Ischemic etiology, n (%) 7(21.2) 10 (30.3) 0.39
HFpEF, n (%) 21 (63.6) 19 (57.5) 0.61
NYHA class >III, n (%) 23 (69.7) 26 (78.7) 0.39
Medications at discharge
ACE-I or ARB, n (%) 18 (54.5) 17 (51.5) 0.80
ARNI, n (%) 14 (42.4) 10 (30.3) 0.30
Beta-blocker, n (%) 30 (90.9) 32 (96.9) 0.29
Ivabradine, n (%) 1(3.03) 1(3.03) 1.00
Aldosterone antagonists, n (%) 27 (81.8) 21 (63.6) 0.09
Loop diuretic, n (%) 27 (81.8) 25 (75.7) 0.54
Tolvaptan, n (%) 11 (33.3) 9(27.2) 0.59
DPP4-1, n (%) 7(21.2) 5(15.1) 0.52
Laboratory variables at admission
Hemoglobin, mean+SD, g/dL 12.6%2.5 12.6+£2.4 0.95
Total bilirubin, median (IQR), mg/dL 0.77 (0.58, 1.35) 0.96 (0.65, 1.54) 0.43
AST, median (IQR), U/L 31(24,54) 37 (22, 65) 0.90
ALT, median (IQR), U/L 26 (19, 50) 25 (12, 48) 0.43
Albumin, median (IQR), g/dL 3.5(3.2,3.8) 3.5(.1,3.9) 0.76
Sodium, median (IQR), mEq/L 141 (138, 143) 141 (138, 143) 0.90
BUN, median (IQR), mg/dL 18.0 (13.1, 26.2) 19.6 (14.5, 24.9) 0.74
Cr, median (IQR), mg/dL 1.04 (0.85, 1.30) 1.05 (0.87, 1.38) 0.93
eGFR, mean+SD, mL/min/1.73 m?2 53.0+19.4 51.1£17.6 0.69
NT pro-BNP, median (IQR), pg/mL 3,783 (2,791, 9,643) 3,455 (1,799, 8,767) 0.56
ePVS, median (IQR), dL/g 4.80 (3.79, 6.58) 4.77 (4.03, 5.32) 0.89
Laboratory variables at discharge
Hemoglobin, median (IQR), g/dL. 13.0(11.8, 15.3) 12.4 (11.1, 14.7) 0.47
Total bilirubin, median (IQR), mg/dL 0.62 (0.47,0.81) 0.58 (0.44, 0.80) 0.95
AST, median (IQR), U/L 24 (20, 35) 24 (18, 31) 0.56
ALT, median (IQR), U/L 20 (15, 43) 21 (13, 37) 0.64
Albumin, mean+SD, g/dL. 3.5+0.3 3.4+0.5 0.39
Sodium, median (IQR), mEq/L 140 (139, 141) 140 (138, 142) 0.97
BUN, median (IQR), mg/dL 21.7 (16.8, 27.0) 22.0 (16.8,27.3) 0.98
Cr, median (IQR), mg/dL 1.08 (0.85, 1.42) 1.13 (0.91, 1.46) 0.67
eGFR, median (IQR), mL/min/1.73 m? 45.7 (33.5, 61.5) 49.4 (35.3, 63.0) 0.94
NT pro-BNP, median (IQR), pg/mL 983 (385, 1,719) 993 (307, 2,198) 0.79
ePVS, median (IQR), dL/g 4.56 (3.34,5.24) 4.83 (3.74,5.81) 0.41
AePVS, median (IQR), dL/g 0.48 (0.00, 0.99) 0.32 (-0.78, 1.00) 0.34
Echocardiographic variables at admission
LVDd, mean+SD, mm 58+9 54+10 0.12
LVEF, median (IQR), % 42 (32, 61) 46 (32, 58) 0.73
LAD, median (IQR), mm 45 (42, 50) 47 (43, 53) 0.31
E, mean+SD, m/s 93+29 98+30 0.58
E/e’ ratio, median (IQR) 14.5 (12.3,23.2) 17.8 (13.4,20.7) 0.61
RVDd, mean+SD, mm 37+8 36+7 0.68
Moderate or severe TR, n (%) 9 (28.1) 10 (33.3) 0.65
TRPG, median (IQR), mmHg 29 (22, 39) 30 (22, 40) 0.75
Maximal IVC diameter, mean+SD, mm 18+4 18+5 0.81

For multiple comparisons, analysis of variance was used for symmetrical continuous variables, the Kruskal-Wallis test was used
for asymmetric continuous variables, and the chi-squared test was used for categorical variables. Abbreviations as in Table 1.
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rant mention. First, it was a single-center study with a rela-
tively small sample size. Second, the ePVS was significantly
higher in group L than in group E at both admission and
discharge, so there is a possibility that the severity of con-
gestion at admission is related to the time until the initiation
of dapagliflozin. In the present study, the timing of the in-
itiation of dapagliflozin was left to the discretion of the at-
tending physician. However, the severity of HF, prevalence
of diabetes, body mass index, renal function, and other fac-
tors related to the timing of initiation of dapagliflozin were
similar between the two groups, and we confirmed that the
result was consistent, even after propensity score matching.
Third, in cases of HFpEF, for insurance indication reasons
in Japan, dapagliflozin is limited to patients with type 2 dia-
betes or chronic kidney disease and may not be applicable
to all HFpEF patients. However, as noted earlier, the bene-
fits of SGLT2is have also been demonstrated in HFpEF
without diabetes or chronic kidney disease. Fourth, regard-
ing the effect of dapagliflozin by different types of HF (de
novo AHF or worsening HF), because of the small sample
size, we cannot draw concrete conclusions from our study
alone. More large-scale studies are needed. Fifth, patients
who were transferred to other hospitals were excluded, so
the study may not have included patients who might have
had very long hospital stays. In addition, six patients with
CS4 were included. Therefore, we cannot exclude the possi-
bility of selection bias in our cohort. Finally, this study in-
vestigated only the use of dapagliflozin, and the effects of
other SGLT2is, including empagliflozin, were not consid-
ered. Further large-scale, multicenter studies are needed to
confirm the results of the present study and examine the ef-
fects of the timing of the initiation of other SGLT2is.

Conclusion

The present study revealed that the early initiation of da-
pagliflozin after hospital admission was associated with a
shorter hospital stay, suggesting that the early initiation of
treatment with dapagliflozin is a key factor for shortening
hospital stays.

The authors state that they have no Conflict of Interest (COI).
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