
 
 

Università Campus Bio-Medico di Roma 
 

Corso di dottorato di ricerca in  
Scienze Biomediche Integrate e Bioetica 

XXXVII ciclo a.a. 2021-2022 
 
 

Short-Term Effects of Dapagliflozin on Ventilatory 
Efficiency During Exercise and Cardiac Remodeling in 

Patients with Heart Failure with Reduced Ejection 
Fraction 

 
 

 
Francesco Piccirillo 

 
 
 
 
 
Coordinatore         Tutor 
Prof Raffaele Antonelli Incalzi                       Prof. Francesco Grigioni 
         Prof. Nicola Napoli 
 

 
 
 
 
 

15 Maggio 2025 



ABSTRACT 
 
Background. Sodium-glucose cotransporter 2 (SGLT2) inhibitors, initially developed as 

glucose-lowering agents, showed a significant reduction in cardiovascular mortality, heart 

failure (HF) hospitalization and cardiac remodeling, inducing a significant improvement in 

quality of life and long-term prognosis. However, the acute impact on clinical status is not clear. 

Methods. Patients with a condition of HF with reduced ejection fraction (HFrEF) and optimal 

medical therapy fort at least 4 weeks were enrolled. Patients were evaluated at baseline and 

after 30±7 days of dapagliflozin administration. Baseline and follow-up visits included clinical 

evaluation, blood tests, trans-thoracic echocardiography, cardiopulmonary exercise test 

(CPET), and analysis of quality of life. The primary endpoint of the study was the evaluation 

of the short-term effects induced by dapagliflozin administration on functional capacity, 

defined as variation in CPET parameters and Kansas City Cardiomyopathies questionnaire 

(KCCQ). 

Results. A total of 20 patients were included. We observed that the addition of dapagliflozin 

induced an early improvement in ventilatory efficiency during exercise. Specifically, median 

ventilation/CO2 production (VE/VCO2) slope significantly decreased from 37.8 at baseline 

(interquartile range, IQR, 34.1;42.8) to 36.2 at follow-up (IQR 31.6;38) (p=0.003). Patients 

reported a significant improvement in their quality of life, as demonstrated by a significant 

increase in the final score of KCCQ (median difference, MD, 9 (IQR: 0;15.8), p=0.0003). After 

dapagliflozin administration, we showed a significant increase in EF (36%, IQR 36;46), while 

median global longitudinal strain (GLS) was similar (-11.2%, IQR -14.3; -7.5). Moreover, a 

significant improvement in right ventricle systolic function was observed: at 30±7 days follow-

up, a raise in Systolic wave prime, S’, (MD 2 (IQR: 0;4), p=0.024) and TAPSE (MD 2 (IQR: 

1;5), p=0.001) was obtained. In addition, we also observed a non-significant amelioration in 

diastolic function, left ventricle remodeling, inflammatory profile and NT-proBNP values. 

Conclusions. The addition of dapagliflozin on-top of optimal medical therapy may induce an 

early improvement of ventilatory efficiency, exercise tolerance and quality of life in patients 

with HFrEF. 

 

 

  



INTRODUCTION 
 

Heart failure, defined as cardiac systolic and diastolic dysfunction, has become the most 

common complication of different heart diseases, causing many disabilities and deaths 

worldwide. Currently, the incidence of heart failure (HF) in Europe is about 3/1000 person-

years (all age-groups) or about 5/1000 person-years in adults, while the prevalence of HF 

appears to be 1-2% of adults [1]. Albeit the prognosis of patients with HF has improved 

considerably in the last decades, it remains poor, and quality of life is also significantly reduced. 

In the last years, in patients with heart failure the use of sodium-glucose cotransporter 2 

(SGLT2) inhibitors, initially developed as glucose-lowering agents, demonstrated a significant 

reduction in cardiovascular (CV) mortality, HF hospitalization and cardiac remodeling [2,3]. 

Thus, from 2021, ESC guidelines on diagnosis and treatment of HF incorporated dapagliflozin 

or empagliflozin among the four therapeutic pillars of HF with reduced ejection fraction 

(HFrEF) in order to reduce mortality and hospitalizations, regardless the presence of overt 

diabetes [4]. Moreover, a recent update recommended the use of SGLT2i for both HF with mild 

reduced EF (HFmrEF) and HF with preserved EF (HFpEF)[1], as two large clinical trials 

demonstrated how empagliflozin and dapagliflozin reduced the risk of recurrent hospitalization 

and CV death even in HF patients with EF³40% [5,6]. 

Particularly, these beneficial cardioprotective effects are obtained through not completely 

understood glucose-independent mechanisms, involving volume depletion, reduction in blood 

pressure and renal protection (Figure 1) [7,8]. Beyond long-term prognostic effects, the acute 

impact on clinical status is not clear. However, the volume depletion and the reduction of blood 

pressure could improve cardiac and respiratory parameters also at short-term. Furthermore, 

there is limited evidence on the impact of SGLT2i on cardiopulmonary exercise test (CPET) 

parameters, which is the gold-standard to evaluate functional capacity in HF, being a powerful 

prognostic predictor and a useful discriminative tool to guide patient referral for advanced HF 

interventions [9]. Indeed, albeit the well-known prognostic benefit of these drugs, the impact 

on functional capacity is largely unknown, with divergent results provided by different trials 

[10,11].  

Nevertheless, the positive impact related to the administration of SGLT2i on exercise fitness, 

the reduction in volume overload and positive left ventricular remodeling, beyond their glucose-

lowering effects, could translate into a better quality of life and a reduction in CV events both 

at short- and long-term. On these bases, our study aimed to evaluate the short-term effects of 



adding SGLT2i on-top of optimal medical therapy on functional activity and exercise tolerance 

in HFrEF patients, and to assess the acute cardiometabolic effects of these drugs. 

 

 

  Figure 1. Pleiotropic effects of SGLT2i. 



MATHERIAL AND METHODS 

 

We conducted a monocentric, observational, no-profit study. Patients with a condition of 

HFrEF in optimal medical therapy (OMT) stable for at least 4 weeks were enrolled (T0). 

Patients were evaluated at baseline (T1) and after 30±7 days (T2) of dapagliflozin 

administration. Baseline and follow-up visits included clinical evaluation, blood tests, trans-

thoracic echocardiography, cardiopulmonary exercise test (CPET), and analysis of quality of 

life.   

A total of 20 patients with a condition of HFrEF evaluated in the Unit of Cardiac Sciences of 

Fondazione Policlinico Campus Bio-Medico di Roma were enrolled, after informed consent, 

from March 2023 to September 2024. Figure 2 schematizes study design. 

 

 

Inclusion / exclusion criteria 

Patients ≥ 18 years with a condition of HFrEF (EF <40%) in optimal medical therapy stable for 

at least 4 weeks were enrolled, in case of preserved capacity of moderate physical exercise to 

perform CPET. 

Figure 2 Study design 

Abbreviations: CPET cardiopulmonary exercise test; HFrEF heart failure with reduced ejection fraction; KCCQ = Kansas City 
Cardiomyopathy Questionnaire; OMT optimal medical therapy. 



Patients were excluded in case of recent acute coronary syndrome, and/or recent coronary 

revascularization, and/or recent cardiac re-synchronization. Type-1 diabetes and chronic kidney 

disease (defined as an estimated glomerular filtration rate, eGFR, ≤ 25 ml/min) represented 

adjunctive exclusion criteria. 

Inclusion and exclusion criteria are summarized in Table 1. 

 
 Table 1. Inclusion and exclusion criteria of the study. 

 

At baseline, each patient underwent a clinical evaluation, including clinical, laboratorial, 

echocardiographic and CPET data, which was repeated at 30±7 days follow-up. 

 

The Kansas City Cardiomyopathy Questionnaire (KCCQ) is a self-administered, 23-item 

questionnaire that quantifies physical limitations, symptoms, self-efficacy, social interference 

and quality of life [12]. The KCCQ is a valid, reliable, and responsive health-related quality of 

life instrument for patients with HF and results useful as a clinically meaningful outcome 

measure in patient management, response to therapy and quality of life assessment. All KCCQ 

assessments were obtained at baseline and after 30±7 days from dapagliflozin administration. 

 

Echocardiographic analysis was obtained by acquiring echocardiographic images using a GE 

Vivid E9 (General Electric Medical) echocardiograph with a 2.5-MHz probe. According to the 

American Society of Echocardiography recommendations, all standard echocardiographic 

images, including apical 4 and 2 chamber images, were acquired with the patient in left lateral 

Inclusion criteria Exclusion criteria 

Age ≥ 18 years Type-1 diabetes mellitus 

Heart failure with reduced ejection fraction 

(EF≤40%) 

Recent (<3 months) acute coronary 

syndrome 

Preserved capacity of moderate physical 

exercise 

Recent (<3 months) percutaneous coronary 

intervention or cardiac re-synchronization 

(CRT-D) 

Optimal medical therapy for HF since at 

least 4 weeks. 

Chronic kidney disease (eGFR ≤ 25 ml/min) 

Abbreviations: CRT-D = cardiac resynchronization therapy – defibrillator; EF = ejection fraction; eGFR = estimated 
glomerular filtration rate. 



decubitus [13,14]. Images within the optimal frame rate intervals (> 60 F/s) were used for two-

dimensional speckle tracking analysis. The left ventricle was divided into 18 segments to 

calculate global longitudinal strain (GLS) and display the time to reach peak longitudinal strain 

and end-systolic longitudinal strain. The GLS reference limit was set at a negative value of less 

than -18%, with more negative values indicating better cardiac function [15]. 

 

Cardiopulmonary exercise test (CPET) was performed according to the international procedural 

recommendation of ARTP guidelines [16], and every patient was asked to pedal on a cycle 

ergometer (Quark CPET, Cosmed, Albano Laziale, Rome, Italy). A custom ramp exercise 

protocol was followed with a progressive workload of up to approximately 10 minutes (within 

a time frame of 8-12 minutes) to achieve an increasing workload until clinical exhaustion or the 

onset of factors that contraindicated the continuation of the exercise [17]. Oxygen consumption 

(VO2), carbon dioxide production (VCO2), and ventilation (VE) were collected breath per 

breath and analyzed with a standard technique [16–18]. Also, other parameters detected during 

the test included heart rate (HR), systolic and diastolic blood pressure (SBP and DBP), work 

rate (WR), respiratory rate (RR), and peripheral oxygen saturation (SpO2). Peak exercise values 

were calculated as the average value over a 20-second interval. Anaerobic threshold (AT) was 

identified by V-slope analysis of VO2 and VCO2 and confirmed by trend analysis of VE vs. 

VO2 (VE/VO2) and vs. CO2 (VE/VCO2) and end-expiratory O2 pressure (PETO2) and end-

expiratory CO2 pressure (PETCO2) [19]. Peak exercise corresponded to the observed VO2 max 

value. The VE/VCO2 slope was calculated from the beginning of the exercise up to the RCP. 

Table 2 summarizes collected parameters at baseline and during follow-up.  

 

 
Table 2 Collected parameters for each patient. 

 Collected parameters 

Clinical evaluation Age, sex, blood pressure, heart rate, medical 

therapy, weight, height, CV history, CV risk 

factors, last EF value, NYHA class, KCCQ 

questionary. 

Blood Tests NT pro-BNP, Hb, Hb1Ac, creatinine, urea, 

CRP, ESR. 



Trans-thoracic echocardiogram LV end-diastolic volume, LV end systolic 

volume, indexed stroke volume, EF, LAVi, E 

wave, A wave, E/A, E/e’, TAPSE, IVC 

diameter, left atrium area, peak TRV, TR 

pressure gradient, mean global longitudinal 

strain (GLS), epicardial fat thickening. 

CPET Peak VO2/Kg; anaerobic threshold; 

VE/VCO2 slope; VO2/WR slop; work rate; 

respiratory rate. 
Abbreviations: A = atrial wave; BP = blood pression; CPET = cardiopulmonary exercise test; CRP = C-reactive protein; CV = 
cardiovascular; e’ = early diastolic velocity;  E = early diastolic wave; EF = ejection fraction; ESR = erythrocyte sedimentation 
rate; Hb = hemoglobin; Hb1Ac = glycated hemoglobin; IVC = inferior vena cava; KCCQ = Kansas City Cardiomyopathy 
Questionnaire; LAVi = left atrium indexed volume; LV = left ventricle; NT pro-BNP = N-terminal pro-brain natriuretic peptide;  
NYHA = New York Heart Association; SpO2 =  peripheral oxygen saturation; TAPSE = tricuspid annular plane systolic 
excursion; TR = tricuspid regurgitation; TRV = tricuspid regurgitation velocity; VCO2 = carbon dioxide production; VE = 
ventilation; VO2 = Oxygen consumption; WR = work rate. 

 

Study objective and endpoints 

This study aimed to evaluate the short-term cardiometabolic and functional effects of SGLT2i 

in a population of patients with HFrEF.  

Thus, primary outcome was to assess the effects after 1 month of dapagliflozin administration 

on ventilatory efficiency, functional capacity, and quality of life. Secondary outcome was to 

evaluate the effects after 1 month of dapagliflozin administration on systolic and diastolic 

function, and metabolic status.   

The primary endpoint of the study was the evaluation of the short-term effects on functional 

capacity, defined as variation in CPET parameters (VE/VCO2 slope, pVO2, VO2/WR) and 

KCCQ questionnaire. Major secondary endpoints were the evaluation of the effects related to 

dapagliflozin administration on biventricular systolic (EF, GLS, S’ wave, TAPSE) and diastolic 

(E/e’) function, and on cardiac biomarkers (NT-proBNP). Additional secondary endpoints were 

the acute effects induced by SGLT2i therapy on renal function and inflammation profile. 

 

Sample size 

Based on previous data reporting an increase in peak oxygen uptake (pVO2) of about 3.1 

ml/kg/min in patients with HFrEF after 6 months of dapagliflozin treatment [20] and 

considering an increase of 2 mL/kg/min as statistically significant, an estimated sample size for 



a two-sample paired-means test would require 16 patients to reach the anticipated difference 

with two-sided significance level of 0.05 at a power of 80%. As we expected a failure rate up 

to 25% (inadequate compliance to treatment, patients’ decision, adverse outcomes precluding 

study participation, pharmacological adverse reactions), at least 20 patients were included. 

 

Statistical analysis 

Continuous variables were expressed as mean values and standard deviation for normally 

distributed data, and as the median and interquartile range for non-normally distributed data. 

Categorical variables were expressed as frequencies and percentages. Paired t tests or Wilcoxon 

signed-rank test were used for group comparison between baseline and 30±7 days after the start 

of dapagliflozin administration. A two-tailed probability value of <0.05 was considered 

statistically significant. All analyses were performed with commercially available software 

(SPSS software version 28.0, SPSS Inc., Chicago, IL). 

 

 

 

 

 

 

  



RESULTS 

A total of 20 patients with a condition of heart failure with reduced ejection fraction (HFrEF) 

in optimal medical therapy stable for at least 4 weeks were enrolled. There were no major drug-

related adverse events, with no patients having to discontinue the drug. Regarding known side-

effects related to SGLT2i therapy, we observed no cases of symptomatic hypotension requiring 

drug adjustments, hypoglycemia, diabetic ketoacidosis, or urinary infections. 

 

Baseline characteristics of population are described in Table 3. 

The mean age of the study cohort was 69.3 ± 11 years, and 75% were men. About 25% of 

patients was in NYHA class III, while no patients referred symptoms and limitations compatible 

to NYHA class IV. Only 2 patients (10%) suffered from type-2 diabetes. As one of the inclusion 

criteria, each patient was in optimal medical therapy for HF at the maximum tolerated dose. 
 

Table 3 Baseline characteristics of population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(N=20) 

Age, mean (y.o.) 69.3 (±11) 

Sex (male) 16 (75%) 

BMI 29 (±5) 

NYHA class 

I 

II 

III 

IV 

 

4 (20%) 

11 (55%) 

5 (25%) 

0 

Ischemic heart disease 7 (35%) 

Hypertension 19 (95%) 

Diabetes 2 (10%) 

ACEi/ARB/ARNI 20 (100%) 

Beta-blockers 19 (95%) 

MRA 17 (85%) 

Values are expressed as the mean ± standard deviation or number (%). 
Abbreviations: ACEi = angiotensin-converting enzyme inhibitor; ARB 
= angiotensin receptor blockers; ARNI = Angiotensin Receptor 
Neprilysin Inhibitor; BMI = body mass index; MRA = mineralocorticoid 
receptor antagonist; NHYA = New York Heart Association.  
 



As previously reported, for each patient we collected the following parameters through blood 

tests, at baseline and after 30±7 days of dapagliflozin administration: NT pro-BNP, 

hemoglobin, glycated hemoglobin, creatinine, urea, inflammatory biomarkers (C-reactive 

protein, CRP, and erythrocyte sedimentation rate, ESR). Blood test results were summarized in 

Table 4. At baseline, the median NT-proBNP was 400 pg/ml (interquartile range, IQR 195;780); 

we observed a mild reduction in NT-proBNP levels at follow-up (335 pg/ml, IQR 167;833), 

albeit non-significant (p=0.246). 

We found no difference in renal function, including creatine, azotemia and eGFR values at 

baseline and after 30±7 days of dapagliflozin administration. In addition, a mild non-

significative reduction in CRP (MD -0.07 (IQR: -0.25;0.34), p=0.863) was observed. 

 
 Table 4. Blood test results at baseline and after 30±7 days of dapagliflozin administration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 collected data obtained from echocardiographic evaluation. Our population included 

patients with a condition of HRrEF, as defined by a baseline ejection fraction (EF) of 31% (IQR 

29;38) and a median GLS of -11.4% (IQR -12.6; -11). After dapagliflozin administration, we 

showed a significant increase in EF (36%, IQR 36;46) (Figure 3), while median GLS was 

similar (-11.2%, IQR -14.3; -7.5).  

Parameter Baseline  Follow-up p value 

NT-proBNP (pg/ml) 400 (195-780) 335 (167-833) 0.246 

Hb (g/dl) 14.7 (13.7-15.7) 15.1 (13.8-15.7) 0.178 

Hb1Ac (%) 5.8 (5.5-6) 5.7 (5.6-5.8) 0.166 

Glycemia (mg/dl) 99 (94-112) 93 (93-106) 0.177 

Creatinine (mg/dl) 1.15 (0.9-1.4) 1.2 (1.09-1.4) 0.074 

eGFR (ml/min) 78 (46-112) 75 (43-115) 0.090 

Azotemia (mg/dl) 49.6 (42-67) 50.5 (41.7-60.5) 0.506 

CRP (mg/dl) 0.34 (0.07-0.8) 0.41 (0.12-0.88) 0.863 

ESR (mm/h) 10 (3-15) 11 (5-17) 0.223 
Values are expressed as median (interquartile range). 
Abbreviations: CRP = C-reactive protein; eGFR = estimated glomerular filtration rate; ESR = erythrocyte 
sedimentation rate; Hb = hemoglobin; Hb1Ac = glycated hemoglobin; NT-proBNP = N-terminal pro-brain 
natriuretic peptide. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, a significant improvement in right ventricle systolic function was observed: at 30±7 

days follow-up, a raise in Systolic wave prime, S’, (MD 2 (IQR: 0;4), p=0.024) and TAPSE 

(MD 2 (IQR: 1;5), p=0.001) was obtained (Figure 4). 

 

 

Interestingly, we also found an amelioration of diastolic function, as expressed by the reduction 

in E/A ratio, E/e’ and LAVi, although non-significant. In addition, dapagliflozin therapy seems 

to provide an early benefit on LV remodeling, as express by a reduction in LV end-diastolic 

volume (MD -30 (IQR: -32; -1), p=0.211) and in LV end-systolic volume (MD -17 (IQR: -

32;0), p=0.202).  

Figure 3. Ejection fraction (EF) at baseline and after dapagliflozin administration. 

Figure 4. Systolic wave prime, S’, and TAPSE at baseline and after dapagliflozin administration. 



Table 5. Echocardiographic findings at baseline and after 30±7 days of dapagliflozin administration. 

 

Moreover, we performed CPET to assess functional capacity. Results of CPET evaluation were 

summarized in Table 6. 

We observed that the addition of dapagliflozin induces an early improvement in ventilatory 

efficiency during exercise. Specifically, median VE/VCO2 slope significantly decreased from 

37.8 (IQR 34.1;42.8) at baseline to 36.2 (IQR 31.6;38) at follow-up (p=0.003) (Figure 5). In 

addition, a mild improvement in VO2 peak (MD 0.5, IQR: -1;4) and a slight decrease in 

VO2/WR (MD -0.24, IQR: -1.58;0.92) were observed, although non-significant (respectively, 

p=0.435 and p=0.343). 

Parameter Baseline  Follow-up p value 

LV End-diastolic volume (ml) 170 (143-181) 140 (123-171) 0.211 

LV End-systolic volume (ml) 112 (88-123) 91 (73-100) 0.202 

SVi (mL/m2) 30.4 (26.9-32.7) 34.8 (28.6-38.06) 0.287 

EF (%) 31 (29-38) 36 (36-46) <0.001 

LAVi (mL/m2) 44 (36-54) 41 (35-55) 0.702 

E/A 1.37 (0.65-80.5) 0.77 (0.55-2.03) 0.057 

E/e’ 11.5 (8.1-15.4) 10.2 (6.7-14.6) 0.201 

TAPSE (mm) 18 (16-20) 20 (18-23) 0.001 

S’ wave (cm/sec) 11 (8-12) 13 (9-15) 0.024 

IVC diameter (cm) 17 (14-21) 13 (12-21) 0.343 

LA area (cm2) 19 (15-20) 16 (12-20) 0.345 

Peak TRV (cm/sec) 2.5 (2.2-2.8) 2.3 (1.8-2.7) 0.015 

TR pressure gradient (mmHg) 27 (20-31) 21 (15-28) 0.018 

Mean GLS (%) -11.4 (-12.6; -11) -11.2 (-14.3; -7.5) 0.488 

Epicardial fat thickness (mm) 4 (4-6) 5 (4-5) 0.384 
Values are expressed as median (interquartile range). 
Abbreviations: A = atrial wave; e’ = early diastolic velocity; E = early diastolic wave; EF = ejection fraction; GLS = global 
longitudinal strain; IVC = inferior vena cava; LAVi = left atrium indexed volume; LV = left ventricle; S’ = Systolic wave 
prime; SVi = indexed stroke volume; TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitation; 
TRV = tricuspid regurgitation velocity. 



Table 6. CPET findings at baseline and after 30±7 days of dapagliflozin administration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Finally, after about 1 month of dapagliflozin administration, patients reported a significant 

improvement in their quality of life, as demonstrated by a significant increase in the final score 

of KCCQ (MD 9 (IQR: 0;15.8), p=0.0003) (Figure 6). 

 

 

 

 

 

 

 

 

 

Parameter Baseline  Follow-up p value 

pVO2 (ml/kg/min) 13.4 (11.8-17.3) 13.9 (12.3-17.3) 0.435 

VO2 predicted (%) 51 (44-61) 49 (46-60) 0.532 

VE/VCO2 slope 37.8 (34.1-42.8) 36.2 (31.6-38) 0.003 

VO2/WR slope 10.56 (8.7-10.9) 10.32 (9-10.9) 0.343 
Values are expressed as median (interquartile range). 
Abbreviations: pVO2 = Oxygen consumption peak; VCO2 = carbon dioxide production; VE = 
ventilation; VO2 = Oxygen consumption; WR = work rate. 
 

Figure 5. VE/VCO2 slope at baseline and after dapagliflozin administration. 

Figure 6. KCCQ score at baseline and after dapagliflozin administration. 



DISCUSSION 

Heart failure (HF) represents the most common complication of different heart diseases, leading 

cause of hospitalization and mortality worldwide, albeit the progress in treatment strategies. 

Indeed, a significant proportion of patients shows high risk for hospitalization and up to 10% 

of the overall HF population will progress to an advanced stage of the disease [4]. Moreover, 

the hospitalizations represent a strong predictor of mortality, whose risk increases significantly 

with each hospitalization, with an 1 year all-cause mortality of about 25% [21]. In addition, 

recurrent hospitalizations and the limitation of daily activity related to poor functional capacity 

significantly reduce the quality of life, especially in patients with HF with reduced ejection 

fraction (HFrEF) [22]. SGLT2i showed the ability of reducing the risk of a first and recurrent 

hospitalization for HF, as they are recommended by current ESC guidelines as the fourth pillar 

of prognostic-modifying therapy for HF, in addition to the gold–standard treatment including 

the triple neurohormonal blockade strategy [1,4]. In addition, dapagliflozin demonstrated to 

improve symptoms, physical function, and quality of life in patients with HFrEF. increasing the 

proportion of patients experiencing improvements in health status [23,24]. The mechanisms 

responsible for the global beneficial CV effects of SGLT2i in patients with HF are not fully 

clear but cannot be explained solely by their diuretic or glucose-lowering effects [25]. 

Specifically, beyond fluid depletion and improved glycemic control, the possible pleiotropic 

mechanisms induced by SGLT2i administration include blood pressure lowering, ameliorating 

lipid profile [8], increasing diuresis/natriuresis, preventing inflammation, weight loss, 

inhibition of the sympathetic nervous system, preventing adverse cardiac remodeling and 

ischemia/reperfusion injury, reducing oxidative stress, and improving vascular function (Figure 

1) [25]. However, the acute effects of SGLT2i administration on functional activity, exercise 

tolerance, and quality of life in HFrEF patients is not clear. 

This analysis aimed to assess the short-term effects of dapagliflozin on ventilatory efficiency 

and cardiac remodeling in non-diabetic patients with HF with reduced EF. We conducted a 

multiparametric evaluation, including clinical, laboratorial, echocardiographic and CPET data, 

collected at baseline and after about 1 month (30±7 days) of dapagliflozin therapy. We observed 

that the addition of dapagliflozin to optimal medical therapy leads to early improvement in 

ventilatory efficiency during exercise, as demonstrated by a significant reduction in VE/VCO2 

slope (median difference, MD, -1.6 (IQR: -6.4;0.3), p=0.003) (Figure 5), a slight improvement 

in VO2 peak (MD 0.5 (IQR: -1;4), p=0.435) and a mild decrease in VO2/WR (MD -0.24 (IQR: 



-1.58;0.92), p=0.343). CPET, assessing cardiopulmonary fitness, provides useful information 

on the functional capacity and outcome prediction in HF, with VO2 peak representing the 

parameter mostly related to a prognostic benefit [9]. Moreover, the addition of dapagliflozin 

induced a mild but significant increase in systolic function, defined by an improvement in left 

ventricle (LV) ejection fraction (MD, 5 (IQR: 0;7), p=<0.001) (Figure 3), despite no difference 

in GLS; in addition, we observed an amelioration of right ventricle function, including a 

significant raise in Systolic wave prime, S’, (MD 2 (IQR: 0;4), p=0.024) and a mild increase of 

TAPSE (MD 2 (IQR: 1;5), p=0.001) (Figure 4). These data suggest early benefits induced by 

SGLT2i on biventricular systolic function, even in absence of a clear amelioration in cardiac 

output. In addition, we observed a reduction in LV end-systolic and end-diastolic volume, 

showing how dapagliflozin could provide an early benefit on LV remodeling. 

Albeit not significantly, dapagliflozin therapy also provided a short-term positive impact on 

diastolic function, as defined by a reduction of the E/e’ (MD -1.3 (IQR: -4.1;3.9), p=0.201) and 

LAVi (MD, -3 (IQR: -6.1;6.9), p=0.702), which are robust markers in the prediction of LV 

filling pressure. Thus, similar to previous studies, dapagliflozin treatment led to a short-term 

improvement in LV diastolic dysfunction and a decrease in LV filling pressure [20,26,27]. 

These results corroborated the role of SGLT2i in HF with preserved EF (HFpEF), as diastolic 

function represents a determinant of symptoms and prognosis in this setting. 

In our study, the addition of dapagliflozin induced an early improvement in symptoms, physical 

limitations, and quality of life, as demonstrated by a significant increase in the final score of 

KCCQ (MD 9 (IQR: 0;15.8), p=0.0003) (Figure 6). Our findings confirm the beneficial effects 

of dapagliflozin on clinical status previous reported [24]. The global improvement in clinical 

status and symptoms, even in absence of a clearly ameliorated cardiac function, could be related 

to the increased cardio-respiratory efficiency and reduced congestion.  

Regarding biochemical markers, after about 1 month of dapagliflozin administration we 

observed a reduction in N-terminal pro-brain natriuretic peptide (NT-proBNP) values, albeit 

non-significant (MD -64 (IQR: -300;526), p=0.24). These results confirm data obtained from 

previous studies, which demonstrated that the use of dapagliflozin over 12 weeks did not affect 

mean NT-proBNP but increased the proportion of patients experiencing clinically meaningful 

improvements in HF-related health status [28]. NT-proBNP is a well-established independent 

predictor of prognosis in chronic heart failure. The variation after treatment has prognostic 

significance, as a greater relative reduction is related to better prognosis and discharge 



natriuretic peptide concentrations represent excellent predictor of 1 year death or re-

hospitalization in acute HF [29].  

Albeit the known protective effects of SGLT2i on renal function [30], we observed no 

difference in creatinine and estimated GFR after 1 month of dapagliflozin administration. We 

could hypothesize that the short follow-up may explain these results, as the renal protection is 

usually achieved after several weeks of SGLT2i administration [30]. Interestingly, we also 

observed a slight positive effect on inflammation profile, as demonstrated by a mild non-

significative reduction in CRP (MD -0.07 (IQR: -0.25;0.34), p=0.863). Inflammation represents 

an important contributor to HF severity, and proinflammatory biomarkers resulted elevated in 

patients with HF, correlating with the severity of the disease [31]. 

 

Strengths and limitations 

This study confirmed the positive impact of dapagliflozin on CV health, including early 

improvement of ventilatory efficiency, exercise tolerance and quality of life. Specifically, 

beyond well-known long term prognostic effects, we evaluated the acute impact of 

dapagliflozin administration on clinical status. Indeed, there is limited evidence on the effects 

of SGLT2i on cardiopulmonary exercise test (CPET) parameters, especially at short-term 

follow-up. Our study assessed the positive impact of dapagliflozin through a multi-parametric 

evaluation, including clinical, laboratorial, echocardiographic and CPET data. The observed 

short-term effects on ventilatory efficiency during exercise and cardiac remodeling could 

translate into a reduction in HF events, leading to a significant reduction in HF hospitalizations 

during a longer follow-up. 

There are limitations in our study that should be mentioned, including its single-center design 

and the small sample size, which may affect the validity and reproducibility of our work’s 

conclusions. Furthermore, the short duration of follow up precludes an assessment on the 

durability of the observed benefit on HF disease-specific health status. Due to the rather short 

follow-up period and the reduced population size, it was not possible to define the safety of 

dapagliflozin administration and the possible development of side effects (including mycotic 

infections, urinary tract infections, increased urination) which could influence quality of life. 

In addition, this is a single-arm study, without a control group and randomization: each patient 

was evaluated at baseline and after 30±7 days, without a comparison with controls.   



CONCLUSIONS 

In stable patients with HFrEF, the addition of dapagliflozin on-top of optimal medical therapy 

induces an early improvement of ventilatory efficiency, exercise tolerance and quality of life. 

The early improvement of clinical status and symptoms, even in absence of a clearly 

ameliorated cardiac function, could be related to the increased cardio-respiratory efficiency and 

reduced congestion. In addition, as a persistently altered ventilatory efficiency is related to poor 

outcomes, an acute increase could influence also long-term prognosis. Thus, SGLT2i may offer 

acute and chronic benefits for patients with HF, improving short- and long-term outcomes, 

symptoms, and quality of life.   
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