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Abstract
Introduction  Heart failure (HF) is a major cause of hospitalization and mortality. Early initiation of guideline-directed 
medical therapy (GDMT) improves outcomes in heart failure with reduced ejection fraction (HFrEF). This study 
assesses the impact of starting GDMT with an SGLT2i in newly diagnosed HFrEF patients.

Materials and methods  The TIDY-HF multicenter prospective registry enrolled consecutive newly diagnosed HFrEF 
patients between October 2021 and March 2022 to evaluate the influence of medical treatment schedules in newly 
diagnosed HFrEF. In this substudy, patients were grouped by initial GDMT with or without an SGLT2i. Over six months, 
clinical variables, echocardiographic and laboratory parameters, and clinical events (hospitalizations, emergency visits) 
were collected. The primary aim was to compare GDMT implementation (quadruple therapy rates), with secondary 
aims assessing efficacy (target doses) and safety (adverse events).

Results  Of 518 patients, 400 initiated treatment with an SGLT2i, while 118 did not, with no differences in the baseline 
characteristics. At six months, 81.5% of patients who started with an SGLT2i were on quadruple therapy, compared 
to 61.2% in the non-SGLT2i group (p = 0.0001). The group starting with an SGLT2i showed a significant increase in left 
ventricular ejection fraction at 3 months (14.2% vs 10.6%; p = 0.023) and preservation of renal function (GFR change: 
-4.7 vs + 0.4 mL/min; p = 0.011). Furthermore, patients who started on SGLT2i showed a trend toward fewer HF 
decompensations and a significantly lower rate of non-cardiovascular hospitalizations.

Conclusions  Initiating GDMT with an SGLT2i facilitates the early implementation of quadruple therapy, improves 
LVEF, preserves renal function, and shows a trend toward reducing HF decompensations. SGLT2i initiation also 
demonstrated a favourable safety profile, supporting their early use in newly diagnosed HFrEF patients.
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Introduction
Across the world, heart failure (HF) remains a lead-
ing cause of death and hospital admissions. European 
data indicate that within one year, about 36% of acute 
HF patients and 14.5% of chronic HF patients experi-
ence either mortality or hospitalization [1]. Additionally, 
27.4% are readmitted for cardiovascular (CV) reasons, 
with readmission frequency as a strong risk factor for 
mortality [2]. Recent advancements in treatment and 
care processes have improved HF prognosis. Clinical 
guidelines recommend the early use of guideline-directed 
medical therapy (GDMT) in all HF patients with reduced 
ejection fraction (HFrEF), which includes a beta-blocker 
(BB), a renin–angiotensin–aldosterone system inhibitor 
(RAASi), a mineralocorticoid receptor antagonist (MRA), 
and a sodium-glucose cotransporter type 2 inhibitor 
(SGLT2i) to reduce CV mortality and HF-related hospi-
talization [3].

The strategy of rapidly implementing GDMT is safe 
and reduces all-cause mortality and HF readmissions, 
although evidence is limited in newly diagnosed HF 
patients [4]. In the TIDY-HF registry, 63.2% of newly 
diagnosed HFrEF patients initiated treatment with the 
four prognostic drugs, and 78.5% were on all four at three 
months, with no significant differences in target doses or 
adverse events compared to other initiation schedules 
[5]. However, the optimal drug regimen for an individual 
patient cannot be defined based on existing evidence. Ini-
tiation of therapy is therefore determined by clinical con-
siderations such as heart rate (HR), renal function, atrial 
fibrillation (AF), blood pressure (BP), and potassium lev-
els [6].

Several strategies for therapeutic optimization have 
been proposed. Some authors advocate for an approach 
based on 'clusters' or pharmacological groups to facili-
tate the rapid and dynamic integration of GDMT, com-
bining treatments with prognostic benefits and those 
with additional advantages [7]. Others recommend a 
stepwise approach, beginning with a RAASi and BB, 
followed by the rapid addition of an MRA and SGLT2i, 
without optimising drug doses before initiating subse-
quent treatments [8]. Finally, some propose a three-step 
strategy, starting with a BB and SGLT2i, adding a RAASi 
within 1–2 weeks, and subsequently adding an MRA [9]. 
Although early implementation of GDMT is crucial given 
its synergistic benefits on patient outcomes, evidence 
from real-world settings regarding the optimal sequenc-
ing or combination strategies remains scarce (Fig. 1).

We evaluated whether early SGLT2i initiation in newly 
diagnosed HFrEF patients enables faster treatment 

individualisation and dose titration, while preserving a 
favourable safety profile in a real-world context.

Material and methods
Study population
This predefined sub-study of the TIDY-HF registry, a 
prospective, multicentre cohort conducted in Spain, 
has been described in detail elsewhere [5]. Consecu-
tive patients with newly diagnosed HFrEF were enrolled 
between October 2021 and March 2022 during hospitali-
sation, outpatient visits, or emergency department pre-
sentations, and were followed for six months. Diagnosis 
was made by the attending cardiologist in line with cur-
rent clinical guidelines [3, 8].

Inclusion criteria were newly diagnosed HF with 
LVEF ≤ 40% on echocardiography. Main exclusion crite-
ria included contraindication to any component of qua-
druple therapy, low systolic blood pressure (BP), severe 
renal dysfunction, hyperkalaemia, planned major cardiac 
intervention, or life expectancy < 1  year. Treatment and 
follow-up followed local practice and current evidence, 
with assessments recommended at around one, three, 
and six months [3, 8].

Variables included
The variables collected included demographic, clinical 
data, and echocardiographic assessments encompassed 
LVEF [10], right ventricular function (TAPSE), and val-
vular abnormalities. Laboratory parameters included 
renal function (creatinine, eGFR), electrolytes (sodium, 
potassium), and biomarkers (CA125, NT-proBNP). 
Information on the pharmacological treatments—cov-
ering BB, RAASi, MRAs, SGLT2i, and loop diuret-
ics—was recorded, including dose adjustments and 
treatment modifications during follow-up. Clinical out-
comes tracked included hospitalizations and emergency 
visits due to HF, CV or other causes, and mortality. Base-
line data were obtained before discharge for inpatients 
and emergency visits, or on the day of inclusion for out-
patients. All available data were included in the analyses, 
and no imputation of missing values was performed (Fig. 
2).

Objectives
The primary objective of this study was to evaluate the 
implementation of GDMT in patients newly diagnosed 
with HFrEF from the baseline visit through longitudinal 
follow-up, comparing two initial therapeutic regimens—
one including an SGLT2i and the other without. The sec-
ondary objective was to assess the efficacy, as reflected by 
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the attainment of target or maximal tolerated doses, and 
the safety profile, determined by the incidence of adverse 
clinical events and treatment-related complications, 
associated with each therapeutic strategy.

Statistical analysis
Quantitative variables were summarized using means 
and standard deviations or medians and interquartile 
ranges (IQR), as appropriate. Categorical variables were 
presented as frequencies and percentages. Comparisons 

Fig. 2  Emergency room visits or readmission for cardiovascular causes during 6 months of follow-up

 

Fig. 1  Emergency room visits or readmission for HF during 6 months of follow-up
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between groups for continuous variables were performed 
using Student’s t-test for two groups or ANOVA for 
more than two groups; non-normally distributed vari-
ables (assessed by the Kolmogorov–Smirnov test) were 
analyzed with the Wilcoxon test. Differences among the 
four treatment groups were evaluated using Chi-square 
tests for categorical variables and ANOVA for continu-
ous variables (Fig. 3).

Time-to-event analyses were performed using the 
Kaplan–Meier method for three outcomes: (a) emer-
gency department visits or readmissions due to HF (HF 
decompensations); (b) emergency department visits or 
readmissions for cardiovascular causes other than HF; 
and (c) emergency department visits or readmissions for 
non-cardiovascular causes. Event-free survival curves 
were compared using the log-rank test.

A multivariable Cox proportional hazards regres-
sion analysis was conducted to assess the association 
between SGLT2i initiation and clinical outcomes, adjust-
ing for baseline variables that were unevenly distributed 
between groups. Additionally, a multivariable logistic 
regression analysis adjusted for the same covariates was 
performed to evaluate further the robustness of the asso-
ciations observed. A two-sided p-value < 0.05 was consid-
ered statistically significant. All analyses were performed 
using SPSS version 22.0 (IBM, New York, USA).

Ethics and quality of the registry
The study design, data collection, and reporting were 
performed in accordance with the STROBE (Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy) guidelines for observational studies [11].

The registry was conducted following the Declara-
tion of Helsinki and received approval from the Hospital 
Universitario Severo Ochoa Ethics Committee. Written 
informed consent was obtained from all participants 
prior to inclusion. Data were securely recorded in an 
electronic database with all patient information anony-
mized. Access to the complete dataset was restricted to 
the principal investigators only.

Results
We included 532 patients, excluding 14 who only started 
with one drug. We selected 518 patients; 400 started with 
an SGLT2i in the baseline therapy (77.2%), and 118 did 
not. No significant differences were observed between 
the two groups, which exhibited comparable rates of 
comorbidities. Patients who started with SGLT2i were 
more frequently diabetic, though not significantly. Also, 
there were no differences in renal function or presence 
of CKD, BP or electrolytes (Table  1). The reasons for 
withholding initiation of an SGLT2i included ongoing 
titration of other GDMT agents (16.2%), deterioration 
of renal function (11.1%), physician's clinical judgment 
(8.5%), active urinary tract infection (3.4%), presence of 
arterial hypotension (1.7%), diagnosis of type 1 diabetes 
mellitus (1.7%) and economic reasons (1.7%).

Patients starting with an SGLT2i were more likely 
to receive the rest of the drugs of the GDMT, espe-
cially MRA, and RAASi, and achieve the quadruple 
therapy, with fewer patients on GDMT at 6  months 
in the group who did not start with an SGLT2i (61.2 vs 
81.5; p = 0.0001) (Table  1 Supplementary Material, and 
Table 2). Patients who did not start SGLT2i early are less 

Fig. 3  Emergency room visits or readmission for non-cardiovascular causes during 6 months of follow-up
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likely to receive them during follow-up (at 6  months, 
69.1% vs 97.9%; p = 0.001). The target doses achieved and 
the rate of withdrawal or reduction of the different drugs 
were similar, regardless of the initial regimen (Table 2).

During follow-up, patients with SGLT2i had a slightly 
higher increase in LVEF at 3  months (10.6 vs 14.2; 

p = 0.023) (Table  3). There is a significant reduction in 
natriuretic peptides, with no differences according to 
the initial scheme (at 6  months: 1338.5 vs. −1527.5  pg/
mL; p = 0.667). There were no relevant electrolyte distur-
bances according to groups (a slight increase in potas-
sium in the SGLT2i group, but not clinically relevant), 
with more preservation of renal function in those who 
started with SGLT2i (GFR change at 6  months −4.7 
vs + 0.4 mL/min; p = 0.011) (Table 3).

Patients who initiated treatment with an SGLT2i 
had fewer emergency room visits and hospital admis-
sions for CV causes, including HF, at 1 month (12.3% vs 
7.3%; p = 0.04) and 3 months (21.8% vs 10.8%; p = 0.003). 
However, no differences were observed at 6  months 
(see Table  4). Similar trends were observed for non-
CV reasons at 1  month (25.4% vs. 11.9%; p = 0.001) and 
3 months (30.0% vs. 17.0%; p = 0.003). When considering 
only HF events, patients who started on an SGLT2i had 
fewer emergency room visits or hospital admissions at 
3 months (11.8% vs 3.6%; p = 0.01) and 6 months (13.4% 
vs 5.2%; p = 0.006). There was a trend toward reduced 
mortality at 3  months in patients who initiated SGLT2i 
therapy (4.5% vs. 1.3%; p = 0.054). In the survival analy-
sis over the complete 6-month follow-up, patients who 
started on an SGLT2i had fewer emergency room visits 
or hospital admissions for HF (log-rank test, p = 0.049) 
and non-CV causes (log-rank test, p = 0.038) (Figure 1, 
Figure 2 and Figure 3).

Cox regression analyses were adjusted for diabetes 
and moderate-to-severe mitral regurgitation at base-
line. For HF decompensations, the hazard ratio (HR) was 
0.47 (95% CI, 0.22–1.00; p = 0.051); for CV events other 
than HF, HR was 0.69 (95% CI, 0.39–1.21; p = 0.194); and 
for non-CV events, HR was 0.55 (95% CI, 0.32–0.95; 
p = 0.032).

In logistic regression analyses, the odds ratio (OR) 
for HF decompensations was 0.36 (95% CI, 0.17–0.77; 
p = 0.009); for CV events other than HF, OR was 0.73 
(95% CI, 0.42–1.27; p = 0.263); and for non-CV events, 
OR was 0.83 (95% CI, 0.50–1.38; p = 0.481).

Discussion
Our study, comprising one of the largest cohorts of newly 
diagnosed HFrEF patients, evaluated the impact of initi-
ating GDMT, including an SGLT2i. Key findings include: 
a) Patients starting with an SGLT2i were more likely to 
receive more drugs of quadruple therapy during the fol-
low-up; b) These patients experienced greater improve-
ments in LVEF and were more likely to preserve renal 
function; c) Initiation of SGLT2i therapy was associated 
with a trend toward fewer HF-related admissions and a 
significantly lower rate of non-CV hospitalizations; and 
d) Initiating treatment with an SGLT2i showed a favour-
able safety profile, with a low rate of withdrawal.

Table 1  Baseline characteristics of patients with HFrEF according 
to SGLT2i treatment at baseline
Characteristics Non SGLT2i

N = 118
SGLT2i
N = 400

p

Clinical parameters

  Sex (male)-n(%) 81 (68.6) 292 (73.0) 0.35

  Age (years) 66.0 (13.7) 65.2 (12.7) 0.56

  Current smoker-n(%) 37 (31.4) 132 (33.1) 0.83

  Hypertension-n(%) 64 (54.2) 234 (58.6) 0.39

  Dyslipydemia-n(%) 51 (43.2) 200 (50.0) 0.20

  Diabetes-n(%) 31 (26.3) 143 (35.8) 0.06

  History of AF/flutter-n(%) 31 (26.3) 126 (31.5) 0.28

  BMI (kg/m2) 29.4 (4.9) 28.6 (5.7) 0.61

  SBP (mmHg) 120.7 (18.5) 118.4 (18.1) 0.24

  DBP (mmHg) 73.6 (13.7) 71.9 (13.0) 0.23

  HR (bpm) 78.3 (20.3) 75.8 (16.5) 0.17

  Ischemic etiology-n(%) 38 (32.2) 107 (26.8) 0.25

  Idiopathic etiology-n(%) 23 (19.5) 87 (21.8) 0.60

  Tachymiopathy 
etiology-n(%)

31 (26.3) 77 (19.3) 0.10

  Functional class NYHA 
I-II-n(%)

82 (73.2) 291 (75.4) 0.64

  Functional class NYHA 
III-IV-n(%)

30 (26.8) 95 (24.6)

  LBBB-n(%) 29 (27.4) 102 (27.1) 0.78

Echocardiographic parameters

  LVEF (%) 29.1 (7.2) 28.6 (7.5) 0.54

  MR III/IV-n(%) 31 (27.9) 64 (17.0) 0.01*

  TR III-IV-n(%) 7 (6.4) 28 (7.6) 0.69

  TAPSE (mm) 17.8 (4.0) 18.2 (4.3) 0.33

Blood parameters

  Hemoglobin (mg/dL) 14.0 (2.2) 14.3 (2.0) 0.16

  Creatinin (mg/dL) 1.16 (0.81) 1.07 (0.327) 0.28

  eGFR (mL/min) 71.2 (25.0) 71.6 (21.1) 0.88

  eGFR > 60-n(%) 42 (35.6) 127 (32.2) 0.50

  eGFR 45–60-n(%) 23 (19.5) 79 (20.1) 0.54

  eGFR 30–45-n(%) 19 (16.1) 48 (12.2) 0.33

  Sodium (mEq/L) 139.8 (3.5) 139.3 (3.1) 0.16

  Potassium (mEq/L) 4.4 (0.6) 4.3 (0.5) 0.38

  CA125 (U/mL) 75.1 (101.2) 86.8 (124.2) 0.56

  NTproBNP (pg/mL) 2453.0 
(1012.0;5945.0)

2001.0 
(858.0;4391.0)

0.17

  HbA1c (%) 6.2 (1.4) 6.5 (1,5) 0.13
AF atrial fibrillation, BMI body mass index, CKD chronic kidney disease, DBP 
diastolic blood pressure, eGFR estimated glomerular filtration rate, HR heart 
rate, LBBB left bundle Branch block, LVEF left ventricular ejection fraction, MR 
mitral regurgitation, NTproBNP N-terminal  prohormone  of brain natriuretic 
peptide, NYHA New York Heart Association, SBP systolic blood pressure, SGLT2i 
Sodium-glucose co-transporter-2 inhibitors, TAPSE Tricuspid Annular Plane 
Systolic Excursion, TR tricuspid regurgitation
*Statistically significant
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Medical treatment Non SGLT2i
N = 118

SGLT2i
N = 400

p

1 month

  Quadruple therapy-n (%) 43 (37.4) 332 (83.4) 0.0001*

  Triple therapy-n (%) 43 (37.4) 57 (14.3)

  Double therapy-n (%) 27 (23.5) 7 (1.8)

  RAASi-n (%) 107 (93.0) 388 (97.5) 0.04*

  % of patients on target doses 11 (10.6) 44 (11.5) 0.79

  % of target dose 41.6 (24.5) 42.9 (24.0) 0.61

  Stop or reduction-n (%) 4 (3.8) 18 (4.8) 0.80

  BB 112 (97.4) 383 (96.2) 0.78

  % of patients on target doses 16 (14.3) 71 (18.6) 0.29

  % of target dose 48.7 (29.9) 50.3 (28.6) 0.60

  Stop or reduction-n (%) 6 (5.4) 20 (5.3) 0.95

  MRA 84 (73.0) 351 (88.2) 0.0001*

  % of patients on target doses 10 (11.9) 52 (15.0) 0.47

  % of target dose 54.0 (29.7) 55.6 (21.6) 0.58

  Stop or reduction-n (%) 10 (13.5) 19 (5.7) 0.02*

  SGLT2i 54 (47.0) 392 (95.8) 0.0001*

  Stop or reduction-n (%) 4 (1.0)

  Loop diuretics 78 (66.1) 255 (63.8) 0.39

  Mean dose 27.8 (26.9) 23.8 (24.0) 0.13

3 months

  Quadruple therapy-n (%) 62 (56.4) 317 (82.1) 0.001*

  Triple therapy-n (%) 34 (30.9) 57 (14.8)

  Double therapy-n (%) 12 (10.9) 9 (2.3)

  RAASi-n (%) 104 (94.5) 369 (95.6) 0.64

  % of patients on target doses 26 (26.0) 98 (26.8) 0.88

  % of target dose 52.7 (30.6) 52.7 (30.9) 1.00

  Stop or reduction-n (%) 1 (1.0) 22 (5.9) 0.06

  BB-n (%) 107 (97.3) 372 (96.4) 0.65

  % of patients on target doses 25 (23.4) 80 (21.6) 0.70

  % of target dose 53.0 (32.7) 54.0 (29.0) 0.76

  Stop or reduction-n (%) 8 (7.5) 17 (4.6) 0.23

  MRA-n (%) 89 (80.9) 341 (88.3) 0.04*

  % of patients on target doses 18 (20.2) 84 (24.7) 0.38

  % of target dose 56.2 (29.2) 60.6 (24.9) 0.15

  Stop or reduction-n (%) 5 (6.3) 19 (5.6) 0.79

  SGLT2i-n (%) 76 (69.1) 378 (97.9) 0.001*

  Stop or reduction-n (%) 1 (1.9) 4 (1.1) 0.49

  Loop diuretics 61 (51.7) 199 (49.8) 0.38

  Mean dose 19.7 (30.0) 19.0 (24.8) 0.81

6 months

  Quadruple therapy-n (%) 60 (61.2) 286 (81.5) 0.0001*

  Triple therapy-n (%) 22 (22.4) 52 (14.8)

  Double therapy-n (%) 12 (12.2) 11 (3.1)

  RAASi-n (%) 87 (88.8) 337 (96.0) 0.006*

  % of patients on target doses 26 (31.0) 107 (31.9) 0.87

  % of target dose 55.8 (31.9) 57.0 (31.7) 0.77

  Stop or reduction-n (%) 6 (7.5) 15 (4.6) 0.27

  BB-n (%) 94 (85.5) 334 (85.6) 0.96

  % of patients on target doses 19 (20.4) 86 (25.8) 0.29

  % of target dose 51.7 (38.3) 57.4 (40.1) 0.22

  Stop or reduction-n (%) 7 (7.7) 16 (4.8) 0.30

Table 2  Evolution of GDMT during the 6 month follow-up
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Rapid initiation of GDMT—comprising a BB, RAASi, 
MRA, and SGLT2i—has been demonstrated to reduce 
CV mortality and HF readmissions [3]. In the STRONG-
HF trial, the rapid initiation of GDMT within 180  days 
reduced the risk of HF readmission or all-cause mortality 
by 44% (RR 0.66 [95% CI 0.50–0.86]) [4]. However, this 
trial did not include SGLT2i, and the participants were 
previously treated, with a high percentage receiving med-
ications before randomization, such as MRA. In real-
world settings, among newly diagnosed patients with 
HFrEF, nearly 80% were on quadruple therapy within 3 
months [5], highlighting the importance of HF units in 
achieving target doses quickly.

Despite guidelines and recommendations, clinicians 
have observed a sequential implementation of GDMT, 
incorporating new medications into previously estab-
lished evidence-based treatments [12]. However, cur-
rent practice and guidelines now recommend initiating 
GDMT and gradually increasing doses to the maximum 
tolerated without providing specific guidance on the 
order in which drugs should be introduced. Instead, they 
emphasize the consideration of individual factors when 
initiating and up-titrating. Some authors have suggested 
starting with a BB and an SGLT2i, given the significant 
impact of BB on mortality, particularly sudden death, 
and the potential of SGLT2i to reduce HF readmissions. 
This approach helps counteract the potential congestive 
effects of BB. After 1–2  weeks, the next step would be 
introducing a RAASi, followed by an MRA in the third 
step. The tolerability of the MRA could be enhanced by 
the beneficial effects of SGLT2i and Angiotensin Recep-
tor-Neprilysin Inhibitors (ARNI) on renal function and 
potassium homeostasis. Our findings provide clinical 
evidence supporting this rational sequencing approach.

Our study demonstrated that early initiation of SGLT2i 
facilitates the initiation of other drugs, increasing the 
likelihood of achieving quadruple therapy. SGLT2i has a 
favorable safety profile, with a low incidence of adverse 
events and no need for dose titration. In the DAPA-HF 
trial, the incidence of volume depletion and hypotension 

Table 3  Changes in clinical parameters during the follow-up
Non SGLT2i
N = 118

SGLT2i
N = 400

P

Month 1

  Creatinin change 0.08 (0.3) 0.02 (0.3) 0.06

  eGFR change −3.4 (15.0) −0.3 (14.8) 0.06

  Potassium change 0.1 (0.7) 0.4 (0.7) 0.002*

  NTproBNP change −403.0 
(−2403.0;615.9)

−756.0 
(−2020.2;5244.2)

0.07

  CA125 change −33.9 (48.0) −50.5 (110.6) 0.49

  SBP change −4.1 (22.6) −2.6 (19.1) 0.49

  DBP change −6.0 (15.9) −2.7 (14.0) 0.04*

  HR change −8.5 (22.4) −6.2 (18.5) 0.27

Month 3

  Creatinin change 0.07 (0.3) 0.02 (0.4) 0.28

  eGFR change −2.6 (13.4) 0.28 (17.2) 0.07

  Potassium change 0.2 (0.8) 0.4 (9.6) 0.03*

  NTproBNP change −862.0 
(−2563.0;2.0)

−967.2 
(−3089.0;−198.3)

0.32

  CA125 change −60.6 (109.5) −54.5 (111.1) 0.79

  SBP change −1.1 (22.1) −3.8 (20.6) 0.26

  DBP change −3.9 (15.5) −4.5 (13.4) 0.66

  HR change −10.6 (22.1) −9.0 (18.4) 0.44

  LVEF change 10.6 (10.5) 14.2 (11.4) 0.02*

Month 6

  Creatinin change 0.08 (0.4) 0.01 (0.3) 0.07

  eGFR change −4.7 (16.4) 0.4 (16.6) 0.01*

  Potassium change 0.2 (0.8) 0.3 (0.7) 0.47

  NTproBNP change −1338.5 
(−3850.3;−363.3)

−1527.5 
(−3699.8;−428.5)

0.67

  CA125 change −84.6 (136.1) −108.5 (162.0) 0.57

  SBP change −2.8 (23.5) −2.7 (20.4) 0.95

  DBP change −6.2 (16.8) −2.9 (13.1) 0.09

  HR change −10.8 (20.8) −10.0 (17.5) 0.72

  LVEF change 18.0 (12.3) 18.1 (13.1) 0.94
DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, HR heart 
rate, LVEF left ventricular ejection fraction, NTproBNP N-terminal prohormone of 
brain natriuretic peptide, SBP systolic blood pressure, SGLT2i Sodium-glucose 
co-transporter-2 inhibitors
*Statistically significant

Medical treatment Non SGLT2i
N = 118

SGLT2i
N = 400

p

  MRA 78 (70.9) 312 (80.0) 0.04*

  % of patients on target doses 22 (28.6) 87 (28.0) 0.92

  % of target dose 62.2 (30.5) 61.9 (24.8) 0.93

  Stop or reduction-n (%) 2 (2.7) 13 (4.2) 0.75

  SGLT2i-n (%) 74 (67.3) 340 (87.2) 0.0001*

  Stop or reduction-n (%) 2 (3.1) 5 (1.5) 0.31

  Loop diuretics 44 (37.3) 140 (35.0) 0.37

  Mean dose 15.6 (22.1) 14.6 (22.7) 0.68
BB beta-blocker, GDMT guideline-directed medical therapy, MRA Mineralocorticoid receptor antagonist, RAASI renin–angiotensin–aldosterone inhibitors, SGLT2i 
Sodium-glucose co-transporter-2 inhibitors
*Statistically significant

Table 2  (continued) 
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in the dapagliflozin group was 7.2% and 0.3%, respec-
tively, with no significant differences compared to the 
placebo [13]. Our cohort showed no differences in BP 
reduction between patients who started with an SGLT2i 
despite receiving more drugs. Furthermore, the glucosu-
ric effect of SGLT2i may contribute to the deconges-
tive impact in the acute setting of HF, as demonstrated 
in the EMPULSE trial [14]. Our study also showed a 
trend toward a reduced need for loop diuretics during 
follow-up.

Treatment with SGLT2i has been shown to preserve 
renal function in HF patients, with the typical initial and 
reversible decline in renal function observed at the begin-
ning of treatment [15, 16]. Despite receiving additional 
medications, patients in our study who started treatment 
with an SGLT2i did not experience acute renal events 
and even demonstrated a significant improvement in 
GFR at 6 months, highlighting the renal protective effect 
of SGLT2i. Additionally, potassium disturbances were 
not noted, facilitating the early introduction of RAASi 
and MRA. A previous meta-analysis involving 49,875 
patients demonstrated a reduced risk of severe hyper-
kalemia, reinforcing the benefits of early SGLT2i initia-
tion. In our study, patients who began treatment with an 
SGLT2i received more MRA, likely due to the beneficial 
effects of SGLT2i on potassium levels and renal function 
[17].

The rationale for early incorporation of SGLT2i into 
quadruple therapy is supported by evidence demonstrat-
ing early benefits in reducing the risk of CV death or HF 
progression, particularly among patients recently hospi-
talized for HF [18, 19]. In our study, patients who initi-
ated treatment with an SGLT2i from the outset showed 
trends toward earlier improvements in prognosis, espe-
cially regarding HF-related and non-CV events. Addi-
tionally, improvements in cardiac remodeling parameters 
were observed, with a numerically greater increase in 
LVEF among patients who started SGLT2i, as observed in 
previous trials [20–22]. However, these results should be 
interpreted cautiously given the observational design and 
the short follow-up period. The early initiation of SGLT2i 
in HF patients may help reduce hospitalization rates, 
potentially resulting in cost savings estimated between 
$1,439 and $2,668 per patient within the first year post-
discharge, excluding medication expenses [23]. Overall, 
these findings support the practicality of early SGLT2i 
initiation as part of comprehensive GDMT in HFrEF, 
while acknowledging that further studies are needed to 
confirm the long-term impact on cardiac remodeling and 
clinical outcomes.

Our study has several limitations. First, as a non-
randomized observational study, residual confound-
ing and selection bias cannot be excluded and represent 
major limitations. Although the distribution of baseline 

Table 4  Events during the follow-up
All 
patients
N = 509

Non 
SGLT2i
N = 114

SGLT2i
N = 395

p

1 month

Death 2 (0.4) 1 (0.9) 1 (0.3) 0.30

HF emergency room or 
readmission

20 (39.3) 6 (5.3) 14 (3.5) 0.31

HF Emergency room 9 (1.8) 3 (2.6) 6 (1.5) 0.43

HF readmission 11 (2.2) 3 (2.6) 8 (2.0) 0.72

CV emergency room or 
readmission

43 (84.5) 14 (12.3) 29 (7.3) 0.04*

CV Emergency room** 21 (4.1) 7 (6.1) 14 (3.5) 0.28

CV readmission 22 (4.3) 7 (6.1) 15 (3.8) 0.30

Any cause emergency room or 
readmission

76 (14.9) 29 (25.4) 47 (11.9) 0.001*

Any cause visit Emergency 
room

42 (8.3) 17 (14.9) 25 (6.3) 0.003*

Any cause readmission 34 (6.7) 12 (10.5) 22 (5.6) 0.06

3 months*** All 
patients
N = 498

Non 
SGLT2i
N = 110

SGLT2i
N = 388

P

Death 10 (2.0) 5 (4.5) 5 (1.3) 0.054

HF emergency room or 
readmission

27 (5.4) 13 (11.8) 14 (3.6) 0.001*

HF Emergency room 16 (10.3) 9 (8.2) 7 (1.8) 0.003*

HF readmission 16 (3.2) 6 (5.5) 10 (2.6) 0.13

CV emergency room or 
readmission

66 (13.3) 24 (21.8) 42 (10.8) 0.003*

CV Emergency room 42 (8.4) 18 (16.0) 24 (6.2) 0.001*

CV readmission* 33 (6.6) 9 (8.2) 24 (6.2) 0.46

Any cause emergency 
room or readmission

99 (19.9) 33 (30.0) 66 (17.0) 0.003*

Any cause Emergency 
room

69 (13.9) 27 (24.5) 42 (10.8) 0.0001*

Any cause readmission 51 (10.2) 13 (11.8) 39 (9.8) 0.54

6 months*** All 
patients
N = 440

Non 
SGLT2i
N = 97

SGLT2i
N = 343

P

Death 13 (2.5) 5 (4.2) 8 (2.0) 0.18

HF emergency room or 
readmission

31 (7.0) 13 (13.4) 18 (5.2) 0.006*

HF Emergency room 22 (5.0) 11 (11.3) 11 (3.2) 0.003*

HF readmission 18 (4.1) 6 (6.2) 12 (3.5) 0.25

CV emergency room or 
readmission

82 (18.6) 22 (22.7) 60 (17.5) 0.25

CV Emergency room* 53 (12.0) 18 (18.6) 35 (10.2) 0.03*

CV readmission* 46 (10.5) 10 (10.3) 36 (10.5) 0.96

Any cause emergency room or 
readmission

122 
(27.7)

30 (30.9) 92 (26.8) 0.43

Any cause Emergency room 87 (19.8) 24 (24.7) 63 (18.4) 0.16

Any cause readmission 68 (15.5) 18 (18.6) 50 (14.6) 0.34
CV cardiovascular, HF heart failure, SGLT2i Sodium-glucose co-transporter-2 
inhibitors
*Statistically significant
**CV events excluded HF
***Events during the follow-up are accumulative and include those in the 
previous period from the baseline
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characteristics was relatively homogeneous, unmeasured 
factors may still have influenced treatment selection and 
outcomes. Treatment decisions were made at the clini-
cian’s discretion. Although insulin or other drug use was 
not recorded, no evident selection bias accounted for the 
proportion of patients who did not receive SGLT2i dur-
ing follow-up.

Furthermore, the absence of data on medication adher-
ence limits our ability to draw definitive conclusions 
regarding the superiority of specific treatment regimens. 
Nevertheless, close follow-up in heart failure units may 
have improved adherence. Finally, event-free survival was 
assessed using univariate analysis; however, the Kaplan–
Meier method provides a more appropriate evaluation of 
survival and time-to-event.

In conclusion, our study, encompassing one of the 
largest cohorts of newly diagnosed HFrEF patients, sug-
gests that initiating GDMT with an SGLT2i provides 
multiple clinical benefits. These include facilitating the 
early implementation of quadruple therapy, improving 
LVEF, preserving renal function, and showing a trend 
toward fewer HF decompensations, along with a signifi-
cant reduction in non-cardiovascular hospitalizations. 
Moreover, SGLT2i initiation demonstrated a favorable 
safety profile, supporting its early incorporation into the 
management strategy for patients with newly diagnosed 
HFrEF.
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