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Abstract: Background: Sodium-glucose cotransporter 2 inhibitors (SGLT2i) reduce the risk of hospi-
talization for heart failure (HF) or death from cardiovascular causes among patients with chronic
HF. However, little is known about the specific factors associated with clinical events during SGLT2i
therapy in patients hospitalized for acute decompensated heart failure (ADHF). Methods: Consecu-
tive patients who were hospitalized for ADHF and received SGLT2i during the index hospitalization
between February 2016 and April 2021 were retrospectively evaluated. We investigated the factors
associated with recurrent hospitalization for HF during the SGLT2i therapy. Results: A total of
143 patients (median age 73 years, 92 men) were included. Estimated glomerular filtration rate
(eGFR) was negatively associated with a primary endpoint with a hazard ratio of 0.94 (95% confi-
dence interval 0.90–0.98, p = 0.007). Those with lower eGFR < 40.9 mL/min/1.73 m2 (n = 47) had
significantly lower freedom from HF hospitalization during 1-year therapeutic period (73% versus
94%, p = 0.005). Conclusions: Among patients who initiated medical therapy incorporating SGLT2i
during the hospitalization for ADHF, a lower eGFR at baseline was associated with a recurrent
hospitalization for HF. Early administration of SGLT2i prior to deterioration of renal function would
be highly recommended to enjoy greater benefit from SGLT2i.

Keywords: heart failure; renal function; diabetes mellitus; ejection fraction

1. Introduction

To date, sodium-glucose cotransporter 2 inhibitors (SGLT2i) represented a major
therapeutic advance in patients with heart failure (HF). Large-scale clinical trials have
shown that they reduced the risk of hospitalization for HF in patients with stable chronic
HF with reduced left ventricular ejection fraction (HFrEF) [1,2]. Empagliflozin, one of the
SGLT2i, additionally reduced the risk of HF hospitalization in patients with chronic HF
with a preserved left ventricular ejection fraction (HFpEF) [3]. Furthermore, these beneficial
effects were demonstrated irrespective of the existence of diabetes mellitus (DM). Thus,
SGLT2i has become one of the essential therapeutic agents for chronic HF thus far.

Acute decompensated heart failure (ADHF) is a common cause of hospitalization in
elderly people and is associated with a high postdischarge mortality and rehospitaliza-
tion risk [4,5]. Prevention of recurrent hospitalization for HF is essential for improving
cardiovascular outcome for them.

Recently, a large-scale trial demonstrated that sotagliflozin, initiated before or shortly
after discharge, resulted in a significantly lower total number of recurrent HF hospitaliza-
tion than placebo in patients with DM and recent worsening HF [6]. However, it remains
unclear whether the effectiveness of SGLT2i varies depending on the background factors in
patients hospitalized for ADHF. Thus, we investigated the factors associated with recurrent
hospitalization for HF during the SGLT2i-incorporated medical therapy among patients
hospitalized for ADHF.

J. Clin. Med. 2022, 11, 5027. https://doi.org/10.3390/jcm11175027 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11175027
https://doi.org/10.3390/jcm11175027
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-4765-9593
https://orcid.org/0000-0002-7294-7637
https://orcid.org/0000-0002-9604-5603
https://doi.org/10.3390/jcm11175027
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11175027?type=check_update&version=2


J. Clin. Med. 2022, 11, 5027 2 of 13

2. Materials and Methods

The present study was a single-center, retrospective observational study designed to
investigate the baseline factors associated with HF recurrence during SGLT2i-incorporated
medical therapy among the patients hospitalized for ADHF. The local Institutional Ethics
Board approved the study protocol, which complied with the Declaration of Helsinki.
Written informed consent was obtained from all of the patients beforehand.

2.1. Study Population

This study involved patients who had been admitted for ADHF, which was diagnosed
according to the Framingham criteria, at our institute between February 2016 and April
2021. All patients had New York Heart Association (NYHA) class III/IV symptoms upon
admission. Participants received guideline-directed medical therapy for HF, including
renin-angiotensin system inhibitors, beta-blockers, mineralocorticoid receptor antagonists,
and diuretics, if applicable.

We included patients newly receiving SGLT2i during their index hospitalization
immediately following the stabilization of hemodynamics. We defined DM as satisfying
glycated hemoglobin (HbA1c) ≥ 6.5% or receiving antidiabetic treatment.

Exclusion criteria were as follows: age < 20 years, end-stage renal failure with esti-
mated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m2, use of durable left ventric-
ular assist devices, pregnancy or breastfeeding, and current use of SGLT2i on the index
hospitalization. These patients were not included in this study. Patients who discontinued
SGLT2i during the index hospitalization were also excluded.

2.2. Study Design and Data Collection

Baseline characteristics including demographics and laboratory data at index discharge
were retrieved. The eGFR was calculated using the guidelines from the Chronic Kidney
Disease Epidemiology Collaboration. Plasma B type natriuretic peptide (BNP) level was
retrospectively retrieved at 3-, 6-, and 12-month follow-ups. Standard echocardiographic
findings were retrieved during index hospitalization. For the present analysis, participants
were divided into HFrEF (LVEF [left ventricular ejection fraction] < 40%), HFmrEF (LVEF
40–49%), and HFpEF (LVEF ≥ 50%).

Adjustment of medical therapy, except for SGLT2i, was permitted as real-world clinical
practice. Discontinuation of SGLT2i was not permitted during the observational period in
principle. When discontinued, the follow-up was terminated at that time. When patients
died without being hospitalized for HF, they were censored at the time of events.

The primary outcome was an unplanned recurrent hospitalization for HF during the
12 months following their index discharge. The secondary outcome was the changes in
plasma BNP level during the observational period. Baseline characteristics that would
significantly affect these outcomes were investigated.

2.3. Statistical Analyses

The statistical analysis was performed by using JMP® 15 (SAS Institute Inc., Cary, NC,
USA). The level of significance was defined as 2-tailed p < 0.050. Continuous variables
were expressed as the median and interquartile unless there were. any specific statements.
Categorical variables were expressed as absolute numbers and percentages. A Wilcoxon
test was applied to compare continuous parameters, and Pearson’s χ2 test was applied
for comparison of categorical variables. Kruskal–Wallis test was applied to compare three
continuous parameters. Trends on continuous variables were compared using a Friedman
test.

Time-to-event data were evaluated using Kaplan–Meier estimates and Cox propor-
tional hazards models to investigate the impact of baseline variables on clinical outcomes.
Univariable and multivariable analyses with Cox proportional hazards models were per-
formed to calculate the adjusted hazard ratio to assess the influence of various parameters
on primary endpoint. Variables significant with p < 0.050 in the univariable analyses
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were included in the multivariable analyses. A cut off of eGFR for primary endpoint was
calculated using receiver operating characteristic analysis with a logistic regression model.

3. Results
3.1. Follow-Up and Patient Characteristics

From February 2016 to April 2021, 206 patients initiated SGLT2i during their hospital-
ization for ADHF. Of them, 42 patients did not continue SGLT2i, 4 died during hospitaliza-
tion, 1 underwent implantation of left ventricular assist device, and 16 patients were lost to
follow-up after index discharge. Finally, a total of 143 patients were included in this study
(Figure 1).

Figure 1. Enrollment and follow-up. SGLT2i, sodium-glucose cotransporter 2 inhibitor.

Early discontinuation of this study occurred in 28 patients (19.6%) due to the following
reasons: 8 due to adverse events (symptomatic hypotension, diarrhea, and suspected
bacterial infection), 2 due to death from noncardiovascular cause, 14 due to lost to follow-
up, and 4 due to any other reasons.

Table 1 lists the baseline characteristics. The median age was 73 (65–81) years and
36% were women. HFrEF was noted in 53 patients (37%). DM was noted in 117 patients
(82%). All patients with DM were those with type 2 DM. Baseline HbA1c level was 6.8%
(6.5–7.7%). Baseline plasma BNP level was 142 (63–316) pg/mL.
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Table 1. Baseline characteristics.

Age, years 73 (65–81)
Male, n (%) 92 (64)
Body weight, kg 57.8 (48.5–68.3)
Body mass index, kg/m2 22.7 (19.8–24.9)
Systolic blood pressure, mmHg 107 (96–118)
Heart rate, beats per minutes 70 (63–878)
Ischemic etiology, n (%) 59 (41)
Atrial fibrillation, n (%) 42 (29)
Implantable cardioverter-defibrillator, n (%) 19 (13)
Cardio resynchronization therapy, n (%) 14 (10)
Left ventricular ejection fraction, % 44.0 (31.0–57.0)
Value of <40% (HFrEF), n (%) 53 (37)
Value of 40–49% (HFmrEF), n (%) 41 (29)
Value of ≥50% (HFpEF), n (%) 49 (34)
Diabetes mellitus, n (%) 117 (82)
HbA1c, % 6.8 (6.5–7.7)
Fasting blood sugar, mg/dL 110 (97–130)
Hemoglobin, g/dL 12.7 (11.2–14.1)
Hematocrit, % 38.0 (34.1–41.6)
Serum albumin, g/dL 3.6 (3.4–3.9)
Serum sodium, mEq/L 138 (136–140)
Serum potassium, mEq/L 4.4 (4.1–4.7)
eGFR, mL/minute/1.73 m2 50.5 (36.9–64.2)
Plasma BNP, pg/mL 142 (63–316)
Heart failure therapies
Beta-blockers, n (%) 127 (89)
ACEI/ARB/ARNI, n (%) 131 (92)
Loop diuretics, n (%) 93 (65)
MRA, n (%) 96 (67)
Thiazides, n (%) 3 (2)
Antidiabetic agents
Sulfonylureas, n (%) 6 (4)
DPP-4i, n (%) 62 (43)
Biguanides, n (%) 20 (14)
Insulin, n (%) 13 (9)
Sodium-glucose cotransporter 2 inhibitors
Canagliflozin, n (%) 40 (28)
Dapagliflozin, n (%) 62 (43)
Empagliflozin, n (%) 41 (29)

HFrEF, heart failure with reduced ejection fraction; HbA1c, glycated hemoglobin; eGFR, estimated glomerular
filtration rate; BNP, b-type natriuretic peptide; NT-proBNP, N-terminal pro-b-type natriuretic peptide; ACEI,
angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-
neprilysin inhibitors; MRA, mineralocorticoid receptor antagonists; DPP-4i, dipeptidyl peptidase-4 inhibitors.

3.2. Primary Outcome

As a primary outcome, a total of 15 patients (10.5%) had an unplanned recurrent
hospitalization for HF. Univariate and multivariate analyses demonstrated that eGFR
(hazard ratio 0.94, 95% confidence interval 0.90–0.98) was independently and negatively
associated with the rehospitalization for HF (p = 0.007; Table 2).
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Table 2. Variables associated with recurrent hospitalization for heart failure.

All Patients (n = 143)

Univariable Analysis Multivariable Analysis

Variables Hazard Ratio 95% CI p Value Hazard Ratio 95% CI p Value

Age, years 1.03 0.99–1.09 0.198
Male, yes 1.06 0.36–3.09 0.922
Body mass index, kg/m2 0.84 0.72–0.98 0.030 * 0.88 0.71–1.05 0.206
Systolic blood pressure,
mmHg 0.97 0.94–1.00 0.087

Heart rate, bpm 1.02 0.97–1.06 0.436
Ischemic etiology, yes 1.26 0.46–3.48 0.654
Atrial fibrillation, yes 0.87 0.27–2.74 0.813
HFrEF, yes 3.64 1.24–10.64 0.019 * 2.02 0.61–6.65 0.247
Diabetes mellitus, yes 1.58 0.36–7.01 0.547
Fasting blood sugar, mg/dL 0.99 0.96–1.00 0.178
Hematocrit, % 0.90 0.80–1.00 0.073
Serum albumin, g/dL 0.28 0.08–0.93 0.039 * 0.60 0.16–2.47 0.469
Serum sodium, mEq/L 0.99 0.88–1.15 0.911
Serum potassium, mEq/L 0.21 0.06–0.74 0.018 * 0.32 0.09–1.01 0.059
eGFR, mL/min/1.73 m2 0.95 0.92–0.98 0.003 * 0.94 0.90–0.98 0.007 *
ln BNP 2.57 1.42–4.90 0.003 * 1.50 0.80–3.05 0.233
Beta-blockers, yes NA NA 0.999
ACEI/ARB/ARNI, yes 0.56 0.13–2.50 0.450
Loop diuretics, yes 3.81 0.86–16.89 0.078
MRA, yes 1.87 0.53–6.63 0.332
Thiazides, yes NA NA 0.999
Sulfonylureas, yes NA NA 0.999
DPP-4i, yes 2.10 0.75–5.89 0.161
Biguanides, yes 1.55 0.44–5.49 0.497
Insulin, yes 0.73 0.10–5.52 0.757

HFrEF, heart failure with reduced ejection fraction (ejection fraction < 40%); LVEF, left ventricular ejection fraction;
HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; BNP, b-type natriuretic peptide; ACEI,
angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-
neprilysin inhibitors; MRA, mineralocorticoid receptor antagonists; NA, not applicable. * p < 0.050.

A cut-off of baseline eGFR to predict the primary endpoint was 40.9 mL/min/1.73 m2

(0.744 of area under the curve). A total of 47 patients had eGFR < 40.9 mL/min/1.73 m2

(lower eGFR group) and the other 96 had eGFR ≥ 40.9 mL/min/1.73 m2 (higher eGFR
group). The primary outcome was encountered more frequently in the lower eGFR group
than in the higher eGFR group (p = 0.005; Figure 2).

Furthermore, there was significant difference in the incidence rates for the recurrent HF
hospitalization among three EF groups (p = 0.040; Figure 3). Notably, the incidence of pri-
mary outcome was somewhat higher in HFrEF than in HFmrEF and HFpEF (p = 0.052 and
p = 0.051, respectively). There was no significant difference in the risk of rehospitalization
for HF between patients with DM and those without DM (p = 0.542, Figure 4).
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Figure 2. Recurrent hospitalization for heart failure in patients stratified by baseline estimated
glomerular filtration rate (eGFR).

Figure 3. Recurrent hospitalization for heart failure in patients with heart failure stratified by LVEF
category.
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Figure 4. Recurrent hospitalization for heart failure in DM/non-DM patients.

3.3. Secondary Outcome

The changes of plasma BNP level were evaluated in 70 patients, excluding those who
prematurely discontinued SGLT2i or those for whom BNP was not retrieved. The changes
of plasma BNP level from baseline are presented in Figure 5. The higher eGFR group,
HFrEF, and patients with DM had a significant absolute improvement in plasma BNP
from baseline to 12 months. On the other hand, the lower eGFR group, HFmrEF, HFpEF,
and patients without DM had no significant change in BNP throughout the 12-month
observation period.

Figure 5. Changes in plasma B-type natriuretic peptide (BNP) level during the observational period.
(A) Stratified by baseline estimated glomerular filtration rate (eGFR). (B) HFrEF/HFmrEF/HFpEF
cohort. (C) DM/non-DM cohort. Variables were expressed as median and interquartile.

4. Discussion

We investigated the factors associated with HF recurrence during medical therapy
incorporating SGLT2i, which was initiated during the index hospitalization for ADHF.
A lower eGFR was associated with recurrent HF hospitalization. HFrEF trended to be
associated with HF rehospitalization. HF rehospitalization was not different between those
with and without DM.
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4.1. SGLT2i and Renal Function

We demonstrated that eGFR was negatively associated with a recurrent hospitalization
for HF and no improvement in plasma BNP levels during SGLT2i therapy. A subanalysis of
EMPEROR-Reduced trial consistently demonstrated that hospital readmission decreased
in relation to a decline in baseline eGFR [7].

Given the dominant mechanism of SGLT2i to increase urinary glucose excretion in
urine, it would be plausible that the benefit of SGLT2i to prevent worsening HF dimin-
ishes with the progression of chronic kidney disease [8]. On the contrary, SGLT2i has a
reno-protective effect particularly for those with chronic kidney disease with proteinuria.
SGLT2i has pleiotropic effects independently of renal function [9,10]. Given all together,
early administration of SGLT2i before deterioration of renal function would be highly
recommended to prevent HF rehospitalization. Specific attention and careful monitoring
for worsening HF would be encouraged particularly when SGLT2i is initiated in patients
with worsening chronic kidney disease.

4.2. HFrEF, HFmrEF, and HFpEF

A pooled analysis using both the EMPEROR-Reduced and EMPEROR-Preserved
trials showed that empagliflozin reduced the risk of hospitalization for HF irrespective
of the ejection fraction levels [11]. However, the impact of ejection fraction on the clinical
outcomes remains uncertain. This is the first study that demonstrated the differences in
recurrent HF hospitalization rates between three EF groups treated with SGLT2i.

Importantly, there were obvious differences in the HF therapies, including beta-
blockers, mineralocorticoid receptor antagonists, and diuretics, among three EF groups in
this study (Table A2). Furthermore, our findings do not suggest that SGLT2i is less effective
in HFrEF than in HFmrEF/HFpEF, because HFrEF generally have a higher hospitalization
rate for HF than HFmrEF/HFpEF [12].

4.3. DM and Non-DM

In the DM cohort, there was a significant decrease in BNP immediately following the
initiation of SGLT2i. We previously reported that urine volume was greater in patients
with uncontrolled hyperglycemia compared with those with controlled hyperglycemia
immediately after the initiation of SGLT2i, probably due to diuretic response and blood
pressure reduction in the early phase [13].

In this study, recurrent HF hospitalization rate was comparable between patients
with DM and those without DM. Large-scale trials consistently demonstrated greater
risk reduction by SGLT2i regardless of the presence or absence of DM [1–3], except for a
subanalysis of EMPEROR-Reduced trial, in which the impact of empagliflozin was neutral
among those without DM [14]. Patients with DM might have favorable clinical benefit by
SGLT2i during an acute phase, whereas its benefit might be compensated by relatively
worse long-term prognosis of DM cohort [15]

4.4. Limitations

This study has the following limitations. First, this was a retrospective observational
study conducted at a single center, and the sample size was small. Given the low event
number, the number of potential confounders included in the multivariate analyses was
restricted. Similarly, secondary outcome was only available for limited patients. Second, we
should be careful to interpret the impact of SGLT2i in participants hospitalized for ADHF.
In this study, treatment was given to compensate for HF, and other HF medications were
also adjusted during index hospitalization. Furthermore, although all patients had NYHA
class III/IV symptoms upon admission, we had not been able to accurately determine
the NYHA classification of hospitalized patients at the time of their discharge. Also, it
is challenging to conclude the effect of SGLT2i alone due to the lack of control group.
Third, intergroup comparison has selection bias with different background characteristics
between two groups. Notably, there were differences in the HF therapies among HFrEF,
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HFmrEF, and HFpEF patients. Also, there were differences in the antidiabetic therapies
including types of SGLT2i between DM and non-DM patients. Fourth, this study did not
include echocardiography follow-up, which is essential to determine the clinical course
of chronic HF, especially in the subgroup with HFrEF and HFmrEF. Lastly, the multiple
types of SGLT2i were used in the present study. It remains unclear whether such beneficial
effects are consistent across individual SGLT2i. However, a recent retrospective cohort
study suggested that there was no significant difference in the risk of cardiovascular events
including HF among patients taking dapagliflozin, canagliflozin, and empagliflozin [16].

5. Conclusions

Among patients who received SGLT2i therapy during the hospitalization for ADHF,
eGFR was associated with a recurrent hospitalization for HF following the index discharge.
Early initiation of SGLT2i prior to the progression of chronic kidney disease may be
recommended for patients admitted for ADHF.
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Appendix A

Table A1. Baseline characteristics of patients stratified by eGFR.

Total Lower eGFR Higher eGFR p Value
(n = 143) (n = 47) (n = 96)

Age, years 73 (65–81) 75 (68–84) 72 (61–79) 0.013 *
Male, n (%) 92 (64) 30 (64) 62 (65) 0.930
Body weight, kg 57.8 (48.5–68.3) 58.5 (50.7–65.3) 57.5 (46.8–70.2) 0.921
Body mass index, kg/m2 22.7 (19.8–24.9) 22.7 (20.8–24.5) 22.7 (19.3–25.2) 0.526
Systolic blood pressure, mmHg 107 (96–118) 101 (94–117) 108 (96–120) 0.180
Heart rate, beats per minute 70 (63–878) 71 (65–80) 69 (63–77) 0.329
Ischemic etiology, n (%) 59 (41) 18 (38) 41 (43) 0.615
Atrial fibrillation, n (%) 42 (29) 19 (40) 23 (24) 0.042 *
Implantable cardioverter-defibrillator,
n (%) 19 (13) 8 (17) 11 (12) 0.357

Cardio resynchronization therapy, n (%) 14 (10) 5 (11) 9 (9) 0.811
Left ventricular ejection fraction, % 44.0 (31.0–57.0) 43.0 (31.0–57.0) 44.0 (32.3–57.8) 0.633
Value of <40% (HFrEF), n (%) 53 (37) 19 (40) 34 (35) 0.734
Diabetes mellitus, n (%) 117 (82) 38 (78) 80 (83) 0.502
HbA1c, % 6.8 (6.5–7.7) 6.7 (6.4–7.7) 6.9 (6.5–7.7) 0.656
Fasting blood sugar, mg/dL 110 (97–130) 121 (100–138) 109 (95–126) 0.083
Hemoglobin, g/dL 12.7 (11.2–14.1) 12.1 (10.8–13.7) 12.8 (11.7–14.2) 0.027 *
Hematocrit, % 38.0 (34.1–41.6) 35.9 (32.6–41.5) 39.0 (35.3–41.9) 0.032 *
Serum albumin, g/dL 3.6 (3.4–3.9) 3.6 (3.4–3.8) 3.7 (3.4–4.0) 0.261
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Table A1. Cont.

Total Lower eGFR Higher eGFR p Value
(n = 143) (n = 47) (n = 96)

Serum sodium, mEq/L 138 (136–140) 137 (135–140) 138 (136–140) 0.659
Serum potassium, mEq/L 4.4 (4.1–4.7) 4.6 (4.1–4.9) 4.3 (4.1–4.5) 0.049 *
eGFR, mL/minute/1.73 m2 50.5 (36.9–64.2) 31.9 (26.3–36.9) 58.0 (50.3–73.5) <0.001 *
Plasma BNP, pg/mL 142 (63–316) 195 (67–376) 128 (63–249) 0.082
Heart failure therapies
Beta-blockers, n (%) 127 (89) 87 (91) 40 (85) 0.325
ACEI/ARB/ARNI, n (%) 131 (92) 41 (87) 90 (94) 0.187
Loop diuretics, n (%) 93 (65) 38 (81) 55 (57) 0.006 *
MRA, n (%) 96 (67) 32 (68) 64 (67) 0.865
Thiazides, n (%) 3 (2) 2 (4) 1 (1) 0.208
Antidiabetic agents
Sulfonylureas, n (%) 6 (4) 3 (6) 3 (3) 0.361
DPP-4i, n (%) 62 (43) 23 (49) 39 (41) 0.346
Biguanides, n (%) 20 (14) 4 (9) 16 (17) 0.187
Insulin, n (%) 13 (9) 6 (13) 7 (7) 0.285
Sodium-glucose cotransporter 2
inhibitors
Canagliflozin, n (%) 40 (28) 12 (25) 28 (29) 0.649
Dapagliflozin, n (%) 62 (43) 22 (47) 40 (42) 0.560
Empagliflozin, n (%) 41 (29) 13 (28) 28 (29) 0.852

eGFR, estimated glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction (ejection fraction <
40%); HbA1c, glycated hemoglobin; BNP, b-type natriuretic peptide; NT-proBNP, N-terminal pro-b-type natriuretic
peptide; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin
receptor-neprilysin inhibitors; MRA, mineralocorticoid receptor antagonists; DPP-4i, dipeptidyl peptidase-4
inhibitors. * p < 0.050.

Table A2. Baseline characteristics of the HFrEF/HFmrEF/HFpEF cohort.

Total HFrEF HFmrEF HFpEF p Value
(n = 143) (n = 53) (n = 41) (n = 49)

Age, years 73 (65–81) 72 (61–78) 72 (68–78) 77 (67–83) 0.177
Male, n (%) 92 (64) 35 (66) 31 (76) 26 (53) 0.808
Body weight, kg 57.8 (48.5–68.3) 57.6 (45.0–66.6) 58.5 (51.2–70.7) 58.3 (48.1–68.9) 0.467
Body mass index, kg/m2 22.7 (19.8–24.9) 22.2 (19.2–24.5) 22.7 (19.8–24.8) 23.1 (20.9–26.2) 0.183
Systolic blood pressure, mmHg 107 (96–118) 100 (93–113) 108 (99–120) 110 (98–123) 0.016 *
Heart rate, beats per minute 70 (63–878) 69 (60–78) 69 (64–75) 73 (64–79) 0.258
Ischemic etiology, n (%) 59 (41) 21 (39) 21(51) 17 (35) 0.271
Atrial fibrillation, n (%) 42 (29) 17 (32) 8 (20) 17 (35) 0.249
Implantable
cardioverter-defibrillator, n (%) 19 (13) 11 (21) 6 (15) 2 (4) 0.044 *

Cardio resynchronization therapy,
n (%) 14 (10) 8 (15) 6 (15) 0 (0) 0.018 *

Left ventricular ejection
fraction, % 44.0 (31.0–57.0) 29.0 (25.0–33.5) 44 (42.0–47.0) 61.0 (56.5–68.5) <0.001 *

Diabetes mellitus, n (%) 117 (82) 39 (74) 34 (83) 44 (90) 0.103
HbA1c, % 6.7 (6.4–7.4) 6.7 (6.4–7.4) 6.7 (6.5–7.3) 7.3 (6.6–8.1) 0.022 *
Fasting blood sugar, mg/dL 105 (90–122) 107 (92–123) 119 (101–130) 113 (100–143) 0.029 *
Hemoglobin, g/dL 12.9 (11.8–14.1) 12.9 (11.9–14.0) 12.7 (11.2–14.1) 12.2 (11.0–14.2) 0.405
Hematocrit, % 39.3 (35.4–41.9) 39.4 (35.6–41.8) 37.3 (33.4–41.5) 36.4 (33.6–41.7) 0.367
Serum albumin, g/dL 3.6 (3.4–4.0) 3.7 (3.4–4.0) 3.6 (3.4–3.9) 3.7 (3.5–3.9) 0.771
Serum sodium, mEq/L 138 (136–140) 138 (136–140) 137 (136–140) 138 (135–140) 0.981
Serum potassium, mEq/L 4.4 (4.0–4.7) 4.4 (4.0–4.7) 4.4 (4.1–4.6) 4.4 (4.0–4.7) 0.957
eGFR, mL/minute/1.73 m2 50.2 (36.5–60.1) 50.6 (37.2–61.4) 51.0 (36.7–63.2) 53.6 (37.8–68.9) 0.712
Plasma BNP, pg/mL 163 (86–375) 149 (82–334) 166 (61–394) 93 (50–213) 0.013 *
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Table A2. Cont.

Total HFrEF HFmrEF HFpEF p Value
(n = 143) (n = 53) (n = 41) (n = 49)

Heart failure therapies
Beta-blockers, n (%) 127 (89) 52 (98) 38 (93) 37 (76) <0.001 *
ACEI/ARB/ARNI, n (%) 131 (92) 50 (94) 39 (95) 42 (86) 0.184
Loop diuretics, n (%) 93 (65) 47 (89) 23 (56) 23 (47) <0.001 *
MRA, n (%) 96 (67) 45 (85) 26 (63) 25 (51) 0.001 *
Thiazides, n (%) 3 (2) 3 (6) 0 (0) 0 (0) 0.074
Antidiabetic agents
Sulfonylureas, n (%) 6 (4) 2 (4) 0 (0) 4 (8) 0.154
DPP-4i, n (%) 62 (43) 19 (36) 15 (37) 28 (57) 0.056
Biguanides, n (%) 20 (14) 6 (11) 8 (20) 6 (12) 0.478
Insulin, n (%) 13 (9) 5 (9) 2 (5) 6 (12) 0.478
Sodium-glucose cotransporter 2
inhibitors
Canagliflozin, n (%) 40 (28) 14 (26) 9 (22) 17 (35) 0.387
Dapagliflozin, n (%) 62 (43) 27 (51) 17 (42) 18 (37) 0.337
Empagliflozin, n (%) 41 (29) 12 (23) 15 (37) 14 (29) 0.333

HFrEF, heart failure with reduced ejection fraction (ejection fraction < 40%); HFmrEF, heart failure with mildly
reduced ejection fraction (ejection fraction 40–49%); HFpEF, heart failure with preserved ejection fraction (ejection
fraction ≥ 50%); HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; BNP, b-type natriuretic
peptide; NT-proBNP, N-terminal pro-b-type natriuretic peptide; ACEI, angiotensin converting enzyme inhibitors;
ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitors; MRA, mineralocorticoid
receptor antagonists; DPP-4i, dipeptidyl peptidase-4 inhibitors. * p < 0.050.

Table A3. Baseline characteristics of the DM/non-DM cohort.

Total DM Non-DM p Value
(n = 143) (n = 117) (n = 26)

Age, years 73 (65–81) 74 (67–82) 72 (61–79) 0.414
Male, n (%) 92 (64) 77 (66) 15 (58) 0.434
Body weight, kg 57.8 (48.5–68.3) 58.7 (50.0–69.5) 53.2 (46.1–62.3) 0.135
Body mass index, kg/m2 22.7 (19.8–24.9) 22.9 (20.1–25.6) 20.8 (19.0–24.5) 0.051
Systolic blood pressure, mmHg 107 (96–118) 108 (97–119) 100 (91–108) 0.008 *
Heart rate, beats per minute 70 (63–878) 71 (64–78) 67 (60–70) 0.010 *
Ischemic etiology, n (%) 59 (41) 49 (42) 10 (39) 0.749
Atrial fibrillation, n (%) 42 (29) 35 (30) 7 (27) 0.762
Implantable cardioverter-defibrillator,
n (%) 19 (13) 14 (12) 5 (19) 0.324

Cardio resynchronization therapy, n (%) 14 (10) 12 (10) 2 (8) 0.691
Left ventricular ejection fraction, % 44.0 (31.0–57.0) 45.0 (33.5–58.0) 36.0 (25.0–45.3) 0.016 *
Value of <40% (HFrEF), n (%) 53 (37) 39 (33) 14 (54) 0.050 *
HbA1c, % 6.8 (6.5–7.7) 7.1 (6.6–7.8) 5.9 (5.6–6.3) <0.001 *
Fasting blood sugar, mg/dL 110 (97–130) 117 (99–137) 98 (92–108) <0.001 *
Hemoglobin, g/dL 12.7 (11.2–14.1) 12.4 (11.1–14.1) 13.2 (11.5–14.0) 0.281
Hematocrit, % 38.0 (34.1–41.6) 37.5 (33.8–41.5) 40.0 (35.3–42.3) 0.198
Serum albumin, g/dL 3.6 (3.4–3.9) 3.6 (3.4–3.9) 3.7 (3.6–4.0) 0.037 *
Serum sodium, mEq/L 138 (136–140) 138 (136–140) 138 (136–140) 0.752
Serum potassium, mEq/L 4.4 (4.1–4.7) 4.4 (4.0–4.7) 4.4 (4.2–4.7) 0.105
eGFR, mL/minute/1.73 m2 50.5 (36.9–64.2) 50.2 (37.0–68.3) 52.1 (34.7–58.6) 0.697
Plasma BNP, pg/mL 142 (63–316) 139 (63–311) 163 (68–396) 0.483
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Table A3. Cont.

Total DM Non-DM p Value
(n = 143) (n = 117) (n = 26)

Heart failure therapies
Beta-blockers, n (%) 127 (89) 103 (88) 24 (92) 0.532
ACEI/ARB/ARNI, n (%) 131 (92) 106 (91) 25 (96) 0.355
Loop diuretics, n (%) 93 (65) 75 (64) 18 (69) 0.620
MRA, n (%) 96 (67) 73 (62) 23 (89) 0.011 *
Thiazides, n (%) 3 (2) 2 (2) 1 (4) 0.492
Sodium-glucose cotransporter 2
inhibitors
Canagliflozin, n (%) 40 (28) 39 (33) 1 (4) 0.002 *
Dapagliflozin, n (%) 62 (43) 41 (35) 21 (81) <0.001 *
Empagliflozin, n (%) 41 (29) 37 (32) 4 (15) 0.098

DM, diabetes mellitus; HFrEF, heart failure with reduced ejection fraction (ejection fraction < 40%); HbA1c,
glycated hemoglobin; eGFR, estimated glomerular filtration rate; BNP, b-type natriuretic peptide; NT-proBNP,
N-terminal pro-b-type natriuretic peptide; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin
receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitors; MRA, mineralocorticoid receptor antagonists;
DPP-4i, dipeptidyl peptidase-4 inhibitors. * p < 0.050.
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I.S.; Bělohlávek, J.; et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N. Engl. J. Med. 2019, 381,
1995–2008. [CrossRef] [PubMed]

2. Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.; Brueckmann, M.; et al.
Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Engl. J. Med. 2020, 383, 1413–1424. [CrossRef]
[PubMed]

3. Anker, S.D.; Butler, J.; Filippatos, G.; Ferreira, J.P.; Bocchi, E.; Böhm, M.; Brunner-La Rocca, H.P.; Choi, D.J.; Chopra, V.; Chuquiure-
Valenzuela, E.; et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N. Engl. J. Med. 2021, 385, 1451–1461.
[CrossRef] [PubMed]

4. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; Das, S.R.; de Ferranti, S.; Després, J.P.; Fullerton,
H.J.; et al. Heart Disease and Stroke Statistics-2016 Update: A Report From the American Heart Association. Circulation 2016, 133,
e38–e360. [CrossRef] [PubMed]

5. Tromp, J.; Bamadhaj, S.; Cleland, J.G.F.; Angermann, C.E.; Dahlstrom, U.; Ouwerkerk, W.; Tay, W.T.; Dickstein, K.; Ertl, G.;
Hassanein, M.; et al. Post-discharge prognosis of patients admitted to hospital for heart failure by world region, and national
level of income and income disparity (REPORT-HF): A cohort study. Lancet Glob. Health 2020, 8, e411–e422. [CrossRef]

6. Bhatt, D.L.; Szarek, M.; Steg, P.G.; Cannon, C.P.; Leiter, L.A.; McGuire, D.K.; Lewis, J.B.; Riddle, M.C.; Voors, A.A.; Metra, M.;
et al. Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N. Engl. J. Med. 2021, 384, 117–128. [CrossRef]
[PubMed]

7. Zannad, F.; Ferreira, J.P.; Pocock, S.J.; Zeller, C.; Anker, S.D.; Butler, J.; Filippatos, G.; Hauske, S.J.; Brueckmann, M.; Pfarr, E.;
et al. Cardiac and Kidney Benefits of Empagliflozin in Heart Failure Across the Spectrum of Kidney Function: Insights From
EMPEROR-Reduced. Circulation 2021, 143, 310–321. [CrossRef] [PubMed]

8. Macha, S.; Mattheus, M.; Halabi, A.; Pinnetti, S.; Woerle, H.J.; Broedl, U.C. Pharmacokinetics, pharmacodynamics and safety of
empagliflozin, a sodium glucose cotransporter 2 (SGLT2) inhibitor, in subjects with renal impairment. Diabetes Obes. Metab. 2014,
16, 215–222. [CrossRef] [PubMed]

9. Verma, S.; McMurray, J.J.V. SGLT2 inhibitors and mechanisms of cardiovascular benefit: A state-of-the-art review. Diabetologia
2018, 61, 2108–2117. [CrossRef] [PubMed]

10. Lopaschuk, G.D.; Verma, S. Mechanisms of Cardiovascular Benefits of Sodium Glucose Co-Transporter 2 (SGLT2) Inhibitors: A
State-of-the-Art Review. JACC Basic Transl. Sci. 2020, 5, 632–644. [CrossRef] [PubMed]

11. Butler, J.; Packer, M.; Filippatos, G.; Ferreira, J.P.; Zeller, C.; Schnee, J.; Brueckmann, M.; Pocock, S.J.; Zannad, F.; Anker, S.D.
Effect of empagliflozin in patients with heart failure across the spectrum of left ventricular ejection fraction. Eur. Heart J. 2022, 43,
416–426. [CrossRef] [PubMed]

12. Chioncel, O.; Lainscak, M.; Seferovic, P.M.; Anker, S.D.; Crespo-Leiro, M.G.; Harjola, V.P.; Parissis, J.; Laroche, C.; Piepoli, M.F.;
Fonseca, C.; et al. Epidemiology and one-year outcomes in patients with chronic heart failure and preserved, mid-range and
reduced ejection fraction: An analysis of the ESC Heart Failure Long-Term Registry. Eur. J. Heart Fail 2017, 19, 1574–1585.
[CrossRef] [PubMed]

13. Nakagaito, M.; Imamura, T.; Joho, S.; Ushijima, R.; Nakamura, M.; Kinugawa, K. Relationship Between HbA1c Level and
Effectiveness of SGLT2 Inhibitors in Decompensated Heart Failure Patients with Type 2 Diabetes Mellitus. Int. Heart J. 2021, 62,
843–849. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa1911303
http://www.ncbi.nlm.nih.gov/pubmed/31535829
http://doi.org/10.1056/NEJMoa2022190
http://www.ncbi.nlm.nih.gov/pubmed/32865377
http://doi.org/10.1056/NEJMoa2107038
http://www.ncbi.nlm.nih.gov/pubmed/34449189
http://doi.org/10.1161/CIR.0000000000000350
http://www.ncbi.nlm.nih.gov/pubmed/26673558
http://doi.org/10.1016/S2214-109X(20)30004-8
http://doi.org/10.1056/NEJMoa2030183
http://www.ncbi.nlm.nih.gov/pubmed/33200892
http://doi.org/10.1161/CIRCULATIONAHA.120.051685
http://www.ncbi.nlm.nih.gov/pubmed/33095032
http://doi.org/10.1111/dom.12182
http://www.ncbi.nlm.nih.gov/pubmed/23859488
http://doi.org/10.1007/s00125-018-4670-7
http://www.ncbi.nlm.nih.gov/pubmed/30132036
http://doi.org/10.1016/j.jacbts.2020.02.004
http://www.ncbi.nlm.nih.gov/pubmed/32613148
http://doi.org/10.1093/eurheartj/ehab798
http://www.ncbi.nlm.nih.gov/pubmed/34878502
http://doi.org/10.1002/ejhf.813
http://www.ncbi.nlm.nih.gov/pubmed/28386917
http://doi.org/10.1536/ihj.20-764
http://www.ncbi.nlm.nih.gov/pubmed/34276009


J. Clin. Med. 2022, 11, 5027 13 of 13

14. Anker, S.D.; Butler, J.; Filippatos, G.; Khan, M.S.; Marx, N.; Lam, C.S.P.; Schnaidt, S.; Ofstad, A.P.; Brueckmann, M.; Jamal, W.;
et al. Effect of Empagliflozin on Cardiovascular and Renal Outcomes in Patients with Heart Failure by Baseline Diabetes Status:
Results From the EMPEROR-Reduced Trial. Circulation 2021, 143, 337–349. [CrossRef] [PubMed]

15. MacDonald, M.R.; Petrie, M.C.; Varyani, F.; Ostergren, J.; Michelson, E.L.; Young, J.B.; Solomon, S.D.; Granger, C.B.; Swedberg, K.;
Yusuf, S.; et al. Impact of diabetes on outcomes in patients with low and preserved ejection fraction heart failure: An analysis of
the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme. Eur. Heart J. 2008,
29, 1377–1385. [CrossRef] [PubMed]

16. Suzuki, Y.; Kaneko, H.; Okada, A.; Itoh, H.; Matsuoka, S.; Fujiu, K.; Michihata, N.; Jo, T.; Takeda, N.; Morita, H.; et al. Comparison
of cardiovascular outcomes between SGLT2 inhibitors in diabetes mellitus. Cardiovasc. Diabetol. 2022, 21, 67. [CrossRef] [PubMed]

http://doi.org/10.1161/CIRCULATIONAHA.120.051824
http://www.ncbi.nlm.nih.gov/pubmed/33175585
http://doi.org/10.1093/eurheartj/ehn153
http://www.ncbi.nlm.nih.gov/pubmed/18413309
http://doi.org/10.1186/s12933-022-01508-6
http://www.ncbi.nlm.nih.gov/pubmed/35585590

	Introduction 
	Materials and Methods 
	Study Population 
	Study Design and Data Collection 
	Statistical Analyses 

	Results 
	Follow-Up and Patient Characteristics 
	Primary Outcome 
	Secondary Outcome 

	Discussion 
	SGLT2i and Renal Function 
	HFrEF, HFmrEF, and HFpEF 
	DM and Non-DM 
	Limitations 

	Conclusions 
	Appendix A
	References

