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ABSTRACT  

Background: The current global prevalence of heart failure is estimated at 64.34 million cases and 9.91 million years of 

disability as a result. Heart failure remains one of the most prevalent clinical syndromes associated with significant 

morbidity and mortality. Objective: The aim of our study was to determine whether Sodium-Glucose Cotransporter 2 

inhibitors (SGLT2i) are useful for treating patients with chronic heart failure and their clinical benefits, especially their 

effect on preventing hospitalization due to worsening heart failure, reducing mortality, improving clinical status and 

quality of life among patients with heart failure. Methods: From March 2021 to May 2022, 126 randomized patients 

with chronic heart failure with reduced ejection fraction (HFrEF) were prospectively enrolled. Patients treated with 

standard optimal medical therapy and SGLT2 inhibitor empagliflozin were compared with an arm of the same size and 

matched by age and gender patients who were taking only a standard optimal medical therapy for HFrEF. Results: The 

mean duration of follow-up in the two treatment arms was 12 months. In the (SOMT + SGLT2i) arm, we evaluated the 

hemodynamic, metabolic, renal, and cardiac remodeling parameters upon initial evaluation and at the end of the follow-

up after 12 months of treatment. A 6.3% increase in LVEF value was observed with SOMT + SGLT2i compared to 

SOMT alone (p < 0.001). Only the SOMT + SGLT2i treatment arm had significant improvement in LVMi from baseline 

with a mean reduction of -8,3g/m2. A reduction of -7.0 mL/m2 in LVESV index was observed in the first group treated 

with SOMT and SGLT2i compared to the SOMT arm (p < 0.001). LVEDV index was reduced by -9.5 mL/m2 with 

empagliflozin (p < 0.001). Th mean reduction in LAVi was - 4.1 mL/m2 (p < 0.001). In in the arm treated with SOMT + 

SGLT2i thew FMR (≥ II Grade) was reduced by -11% (p < 0.001). The values of systolic blood pressure, blood glucose 

and HbA1c decreased significantly in the SOMT + SGLT2i arm compared to the second arm (127.4 vs. 1121.1 mmHg, 

6.4 vs. 5.6 mmol/L and 6.3 vs. 5.4 %) respectively; p < 0.001). The eGFR values increased considerably in the SOMT + 

SGLT2i arm compared to the SOMT arm by 9.7 mL/min/1.73 m2; (p < 0.001). A significant reduction of 2492.8 

(pg/mL) in NT-pro-BNP levels was observed only in the SOMT + SGLT2i arm (p < 0.001). Over the course of one year, 

the mean KCCQ total symptom score increased 2.8 points more in the SOMT + SGLT2i group than in the SOMT group. 

In the arm SOMT + SGLT2i, the composite of cardiovascular death or worsening heart failure was lower in comparison 

with the control group (20.1 vs. 29.1%; P<0.001). There was a lower rate of worsening heart failure in the SOMT + 

SGLT2i arm compared to the SOMT group (15.1 vs 20.2%; P<0.001). Compared to the SOMT arm, the arm treated with 

SOMT + SGLT2i had a lower cardiovascular death rate (14.6 vs. 19.9%; P<0.001). Conclusion: Our study has 

demonstrated favourable changes on cardiac remodeling parameters (LVEF, LVMi, LVEDVi, LVESVi, LAVi), lower 

rate of hospitalization and cardiovascular death. When empagliflozin is administered to diabetic and nondiabetic HFrEF 

patients, LV volumes, LV mass, LV systolic function, functional capacity, and quality of life are significantly improved. 

A favourable reverse remodeling of the LV may explain the reduction in heart failure hospitalizations and mortality 

caused by SGLT2 inhibitors. In HFrEF patients, SGLT2 inhibitors are strongly recommended in guidelines. SGLT2 

inhibitors have become a fourth pillar of chronic heart failure management based on the collective data of their efficacy. 

 

KEYWORDS: Chronic heart failure, Sodium-glucose transporter 2 inhibitors (SGLT2i), Heart failure with reduced 

ejection fraction (HFrEF).    
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1. BACKGROUND 

The current global prevalence of heart failure is 

estimated at 64.34 million cases and 9.91 million years 

of disability as a result. Heart failure remains one of the 

most prevalent clinical syndromes associated with 

significant morbidity and mortality. Heart failure patients 

with reduced ejection fraction are currently treated with 

beta-blockers, renin-angiotensin-aldosterone inhibitors 

(RAAS inhibitors), angiotensin receptor-nephrilysin 

inhibitors (ARNI), mineralocorticoid antagonists (MRA), 

diuretics, and digoxin to suppress neurohormones, 

reduce volume overload, and improve cardiac 

contractility. Although these drugs have substantial 

cardiovascular benefits, they also carry the risk of serious 

adverse effects, including hypotension, kidney 

dysfunction, and abnormal electrolytes. Moreover, 

patients are still at an increased risk of morbidity and 

mortality. Heart failure (HF) remains associated with a 

poor prognosis and suboptimal treatment options, 

highlighting the need for more effective treatment 

options. Sodium glucose transporter inhibitors are a 

relatively new class of medication used in the 

management of type 2 diabetes. In patients with chronic 

heart failure, sodium glucose cotransporter 2 inhibitors 

have emerged as a new foundational treatment. To 

advance outcomes in patients with HF, it is therefore 

crucial to identify novel therapeutic strategies for 

improving symptoms, reducing mortality, recurrent 

hospitalizations, and acute decompensation. 

 

2. OBJECTIVE 

The aim of our study was to determine whether SGLT2 

inhibitors are useful for treating patients with chronic 

heart failure and their clinical benefits, especially their 

effect on preventing hospitalization due to worsening 

heart failure, reducing mortality, improving clinical 

status and quality of life (QOL) among patients with HF. 

 

3. PATIENTS AND METHODS 

A prospective study of 126 patients with chronic heart 

failure with reduced ejection fraction (HFrEF) was 

conducted from March 2021 to May 2022. The inclusion 

criteria for participating in the study were as follows: 

adult patients age ≥18 years with chronic HF, New York 

Heart Association (NYHA) functional class II/III/IV 

classification symptoms despite standard optimal 

medical therapy (SOMT), left ventricle ejection fraction 

(LVEF) of ≤40%, N-terminal pro–B-type natriuretic 

peptide (NT-proBNP) ≥ 600 pg/ml if EF ≤30%; ≥ 1000 

pg/ml if EF 31-35%; ≥ 2500 pg/ml if EF >35%, HF 

hospitalization within 12 months, estimated glomerular 

filtration rate (eGFR) >30 mL/min/1.73 m2. The 

exclusion criteria were a history of hypersensitivity or 

intolerance to SGLT2, ACEI or ARB, eGFR 

<30 mL/min /1.73 m2, acute coronary syndrome stroke, 

or transient ischemic attack (TIA) within < 3 months, 

recent coronary revascularization, currently implanted 

LV assist device (LVAD), Cardiomyopathy based on 

infiltrative/accumulation diseases, hypertrophic 

cardiomyopathy, pericardial restriction, peripartum, 

cardiomyopathy caused by chemotherapy within 12 

months, severe valvular heart disease, acute 

decompensated HF, implantable cardioverter-

defibrillator (ICD) or cardiac resynchronization therapy 

(CRT) within 3 months, dementia or inability to 

cooperate. 

 

We randomized 126 patients with HFrEF into two 

groups of similar size (n = 63), each taking a standard 

optimal medical therapy for HFrEF according to the 

guidelines for chronic HF treatment. The first group 

represent patients treated with a standard optimal 

medical treatment for HFrEF (β-blockers, RAAS 

inhibitors, angiotensin receptor-nephrilysin (ARNI), 

MRA, diuretics and digoxin) and SGLT 2 inhibitors 

(Empagliflozin 10mg) as a new class of drugs, This 

group is named as (SOMT + SGLT2i). A second group 

of patients were treated with standard optimal heart 

failure medical treatment without adding empagliflozin 

10mg (SGLT 2 inhibitor) during the entire 12-month 

follow-up period. This group is known as (SOMT). 

 

At baseline, we conducted complete medical histories, 

physical examinations, electrocardiograms, transthoracic 

echocardiograms, blood analysis, renal function, and NT-

pro-BNP tests for all participants. Simpson's method was 

used to estimate left ventricle ejection fraction (LVEF) 

from the apical four (A4C) and apical two (A2C) 

chamber views. Philips LV auto strain software was used 

to assess GLS in the 18 LV segments from the three 

standard apical views (4-chamber, 2-chamber, 3-

chamber). The echocardiograms were performed with a 

phased-array echocardiography xMATRIX array 

transducer with PureWave crystal technology X51, Epiq 

7 Philips ultrasound machine. These measurements were 

conducted in accordance with the latest cardiac chamber 

quantification guidelines.  

 

To assess the effectiveness of SGLT 2 inhibitors as a 

new class of drugs in addition to standard OMT. On the 

initial visit, at the third and sixth months, and at the end 

of the follow-up in both arms, we assessed NYHA class, 

NT-pro-BNP, left ventricle ejection fraction (LVEF), 

cardiac remodeling parameters: left ventricle mass index 

(LVMi), left ventricle end diastolic volume index 

(LVEDVi), left ventricle end systolic volume index 

(LVESVi), left ventricular global longitudinal strain (LV 

GLS), left atrial volume index (LAVi) and functional 

mitral regurgitation ≥ II grade, and QOL. The mean 

duration of follow-up in the 2 groups was 12 months. 

The primary outcome of the study was the composite of 

a first episode of worsening heart failure or 

cardiovascular death. We defined an episode of 

worsening heart failure as an unplanned hospital 

admission due to worsening heart failure or an urgent 

hospital visit requiring intravenous treatment. We 

analyzed the composite of cardiovascular death or 

worsening heart failure, or worsening heart failure and 

cardiovascular death. SAS StatView 5.0® software was 

used for all statistical analyses. 
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4. RESULTS 

126 patients with chronic heart failure with reduced 

ejection fraction (HFrEF) were prospectively enrolled 

from March 2021 to May 2022 year. The baseline 

characteristics of the randomized patients are shown in 

Table 1. A median age of 67.9 ± 7.5 years, 67% of 

patients were male, 65% of all patients had ischemic 

heart disease, 64% had arterial hypertension, 37% had 

diabetes mellitus, and 33% had chronic kidney disease. 

The eGFR was 65.4 mL/min/1.73 m2, the NT-pro-BNP 

was 5639.4 ± 3533.1. The etiology of heart failure, 67% 

ischemic and 33% non-ischemic. NYHA Classes: II in 

45% III 39% and IV in 16% of patients. Other patient 

characteristics and medications at baseline were similar 

between treatment groups. The proportions of patients 

taking RAAS inhibitors (ACEIs, ARBs), ARNI, beta-

blockers, MRA, diuretics, digoxin, CRT or ICD are 

shown in Table 1.   

 

Table 1: Demographic and general characteristics of patients upon initial assessment in both arms.  

Items All (N = 126) 
Group I  

(SOMT+ SGLT2i) (N = 63) 

Group II  

(SOMT) (N = 63) 

 

P value  

Age (years) 67.9 ± 7.5 67.4 ± 7.9 67.7 ± 8.1 0.797 

Male gender (%) 65 65 64 0.840 

Body Mass Index (g/m
2
) 27.3 ± 4.1 26.9 ± 4.2 27.1 ± 3.8 0.519 

Systolic blood pressure (mmHg) 127.6 ± 7.5 127.4 ± 8.4 127.2 ± 8.6 0.209 

Heart rate (bpm) 69.2 ± 8.4 68.8 ± 7.4 69.1 ± 6.3 0.512 

Creatinine (μmol/L) 109 ± 37 110 ± 35 109 ± 41 0.773 

Mean eGFR (mL/min/1.73 m
2
) 65.4 ± 23.5 65.2 ± 22.3 64.9 ± 22.9 0.947 

eGFR <60 mL/min/1.73 m2 (%) 21.6% 21.7% 21.5% 0.953 

Blood glucose (mmol/L) 6.4 ± 1.5 6.4 ± 1.9 6.4 ± 1.2 0.543 

HbA1c (%) 6.3 ± 1.6 6.3 ± 1.7 6.4 ± 1.6 0.756 

NT-pro-BNP (pg/mL) 5639.4 ± 3533.1 5664.5 ± 3554.7 5614.4 ± 3511.4 0.836 

NYHA Class (%)     

II  45 44.9 45.7 0.758 

III 39 39.4 38.7  

IV  16 16.3 15.7  

Aetiologia of Heart Failure (%)      

Ischemic  67 68 66 0.851 

Non-Ischemic  33 35 32 0.874 

Comorbidities (%)     

Arterial Hypertension  64.4 64.8 63.9 0.836 

Diabetes mellitus  37 37.4 36.7 0.843 

Chronic kidney disease  33 34.1 31.9 0.972 

Medications      

RAAS inhibitors (%) 46.4 46.9 45.8 0.826 

ARNI (%) 53.6 53.3 53.9 0.782 

Diuretics (%) 92 92.1 91.9 0.765 

Beta-blockers (%) 71.7 68.5 74.8 0.742 

MRA (%) 55.2 53.9 56.5 0.827 

Digoxin (%) 36.5 36.7 36.3 0.423 

CRT (%) 15.6 15.4 15.7 0.295 

ICD (%) 12.1 12.3 11.9 0,934 

 

eGFR: estimated glomerular filtration ratio, HbA1C: 

glycoside hemoglobin, NT-proBNP: N-terminal pro–B-

type natriuretic peptide RAAS inhibitors: renin-

angiotensin-aldosterone inhibitors; ARNI: angiotensin 

receptor-nephrilysin inhibitors, MRA: mineralocorticoid 

antagonist; CRT: cardiac resynchronization therapy, 

ICD: implantable cardiac defibrillator. 

 

The Echocardiographic parameters in all patients and in 

both arms are shown in Table 2. The left ventricle mass 

index (LVMi) in all patients was 152.8 ± 9.8, left 

ventricle ejection fraction (LVEF) for all patients was 

32.3 ± 5.7, left ventricle end diastolic volume index 

(LVEDVi) 117.70 ± 8.15, left ventricle end systolic 

volume index (LVESVi) 67.83 ± 6.23, left ventricular 

global longitudinal strain (LV GLS) 12.6 ± 2.9, left atrial 

volume index (LAVi) 53.8 ± 3.9, functional mitral 

regurgitation ≥ II grade was found in 43%. 
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Table 2: Echocardiographic parameters in all patients and in both arms.  

Echocardiographic item All (N = 126) 
Group I (SOMT+ SGLT2i)  

(N = 63) 

Group II (SOMT) 

(N = 63) 

 

P value  

LVEDVi (mL/m
2
) 117.70 ± 8.15 117.17 ± 8.45 118.23 ± 7.84 0.834 

LVESVi (mL/m
2
)  67.83 ± 6.23 66.75 ± 5.34 68.91 ± 7.12 0.830 

LVEF (%) 32.3 ± 5.7 32.7 ± 5.9 31.9 ± 5.4 0.781 

LVMi (g/m
2
)  152.8 ± 9.8 152.6 ± 8.9 153.1 ± 10.7 0.827 

LV GLS (%) 12.6 ± 2.9 12.7 ± 2.8 12.5 ± 3.0 0.845 

LAVi (mL/m
2
)  53.8 ± 3.9  53.4 ± 3.7 54.2 ± 4.1 0.842 

FMR (≥ II Grade) (%) 43 42 44 0.786 

 

LVEDVi: left ventricular end-diastolic volume index, 

LVESVi: left ventricular end-systolic volume index, 

LVEF: left ventricular ejection fraction, LVMi: left 

ventricular mass index. LV GLS: left ventricular global 

longitudinal strain, LAVi: left atrial volume index, FMR: 

functional mitral regurgitation. Values mean ± SD. 

 

Tolerability and adverse events 
The study medication empagliflozin was stopped in 6 

patients (9.5%) in the SOMT + SGLT2 arm. The most 

common adverse events of interest were those related to 

volume depletion and kidney impairment. The incidence 

of these adverse events did not differ significantly in 

both arms. No patients left the study voluntarily. 

 

The hemodynamic, metabolic, renal, and cardiac 

remodeling parameters. 
Based on the results of the initial evaluation and the end 

of the follow-up after 12 months treatment with SOMT + 

empagliflozin SGLT2i, Table 3 summarizes the 

hemodynamic, metabolic, renal, and cardiac remodeling 

parameters in the SOMT + SGLT2i group. A 6.3% 

increase in LVEF value was observed with SOMT + 

SGLT2i compared to SOMT alone (p < 0.001). Only the 

SOMT + SGLT2i treatment arm had significant 

improvement in LVMi from baseline with a mean 

reduction of -8,3g/m2. A reduction of -7.0 mL/m2 in 

LVESV index was observed in the first group treated 

with SOMT and SGLT2i compared to the SOMT arm 

(p < 0.001). LVEDV index was reduced by -9.5 mL/m2 

with empagliflozin (p < 0.001). Th mean reduction in 

LAVi was - 4.1 mL/m2 (p < 0.001). In in the arm treated 

with SOMT + SGLT2i thew FMR (≥ II Grade) was 

reduced by -11% (p < 0.001). There was no difference in 

LV GLS. The values of systolic blood pressure, blood 

glucose and HbA1c decreased significantly in the SOMT 

+ SGLT2i arm compared to the second arm (127.4 vs. 

1121.1 mmHg, 6.4 vs. 5.6 mmol/L and 6.3 vs. 5.4 %) 

respectively; p < 0.001). The eGFR values increased 

considerably in the SOMT + SGLT2i arm compared to 

the SOMT arm by 9.7 mL/min/1.73 m2; (p < 0.001). A 

significant reduction of 2492.8 (pg/mL) in NT-pro-BNP 

levels was observed only in the SOMT + SGLT2i arm 

(p < 0.001). Over the course of one year, the mean 

KCCQ total symptom score increased 2.8 points more in 

the SOMT + SGLT2i group than in the SOMT group. 

 

Table 3: Hemodynamic, metabolic, renal, and cardiac remodeling parameters upon the initial evaluation and at 

the end of the follow-up after 12 months treatment in (SOMT + SGLT2i) arm. 

Item Baseline (N = 63) Follow-up (N = 57) Δ From Baseline 

Systolic BP (mmHg) 127.4 ± 8.4 121.1 ± 14.6 6.3 ± 2.9 

Blood glucose (mmol/L) 6.4 ± 1.9 5.6 ± 1.3 0.8 ± 0.5 

HbA1c (%) 6.3 ± 1.7 5.4 ± 1.3 0.9 ± 0.7 

NT-pro BNP (pg/mL) 5664.5 ± 3554.7 3121.2± 2456.3 2492.8 ± 131.6 

eGFR (ml/min/1.73 m
2
) 65.2 ± 22.3 74.9 ± 12.5 9.7 ± 4.1 

LVMi (g/m2) 152.6 ± 8.9 144.3 ± 10.2 -8.3 ± 2.6 

LVEF (%) 32.7 ± 5.9 38.2 ± 4.6 6.3 ± 2.2 

LVEDVi (mL/m
2
) 117.17 ± 8.45 109.14 ± 5.4 -9.5 ± 3.4 

LVESVi (mL/m
2
) 66.75 ± 5.34 56.23 ± 3.16 -7.0 ± 4.0 

LV GLS (%) 12.7 ± 2.8 13.3 ± 1.7 0.6 ± 0.3 

LAVi (mL/m
2
) 53.4 ± 3.7 49.3 ± 2.1 -4.1± 2.5 

FMR (≥ II Grade) (%) 42 31 11 

 

HbA1C: glycoside hemoglobin, NT-proBNP: N-terminal 

pro–B-type natriuretic peptide, eGFR: estimated 

glomerular filtration ratio, LVMi: left ventricular mass 

index. LVEF: left ventricular ejection fraction, LVEDVi: 

left ventricular end-diastolic volume index, LVESVi: left 

ventricular end-systolic volume index, LV GLS: left 

ventricular global longitudinal strain, LAVi: left atrial 

volume index, FMR: functional mitral regurgitation. 

The effects of SGLT2 inhibitor empagliflozin on the 

primary composite outcome, each of the individual 

mortality and hospital admission outcomes, and on 

urgent visits for worsening heart failure requiring 

intravenous treatment are shown in Figure 1, 2 and 3. In 

the arm SOMT + SGLT2i, the composition of 

cardiovascular death or worsening heart failure was 

lower in comparison with the control group (20.1 vs. 
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29.1%; P<0.001). Figure 1. There was a lower rate of 

worsening heart failure and hospitalization in the SOMT 

+ SGLT2i arm compared to the SOMT group (15.1 vs 

20.2%; P<0.001). Figure 2. Compared to the SOMT arm, 

the arm treated with SOMT + SGLT2i had a lower 

cardiovascular death rate (14.6 vs. 19.9%; P<0.001). 

Figure 3. 
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5. DISCUSSION 

Heart failure (HF) affects an estimated 1% to 2% of 

adults worldwide and is associated with reduced quality 

of life, high morbidity, mortality, and substantial 

financial burdens. Heart failure is still one of the leading 

causes of hospitalization and mortality worldwide 

despite current established treatments. A novel 

therapeutic target is therefore needed to improve the 

prognosis of patients with heart failure.
[1,3] 

 

Since the 1970s, heart failure (HF) management has 

evolved with advances in medical, device, and 

management strategies to collectively reduce morbidity 

and mortality.
 
The key pillars of HF medical care have 

been RAAS inhibitors, ARNI, beta-blockers, and MRA. 

These therapies also carry the potential for serious 

adverse effects including hypotension, kidney 

dysfunction, and electrolyte abnormalities.  To improve 

outcomes for patients with HF, it is crucial to identify 

novel therapeutic strategies to improve symptoms, 

reduce mortality, recurrent hospitalization, and acute 

decompensation. Empagliflozin's cardiovascular 

protective mechanism is complex, and part of it is still 

uncertain. Various mechanisms may be involved, 

including improved ventricular loading conditions, 

enhanced cardiac metabolism and bioenergetics, 

improved Na+/H+ exchange, sugar, and lipid 

metabolism, improved circulatory load, and enhanced 

cardiovascular system.
[5,8,9,34] 

 

The recent published studies, EMPEROR-Reduced 

(EMPagliflozin outcomE tRial in Patients With chrOnic 

heaRt Failure With Reduced Ejection Fraction) and 

DAPA-HF (Dapagliflozin And Prevention of Adverse-

outcomes in Heart Failure) have demonstrated the benefit 

of SGLT2 inhibitors for treating patients with and 

without diabetes with HF by reducing the incidence of 

worsening heart failure and death in HF patients.
[12,13,15]

 

In the last several years, SGLT2 inhibitors have emerged 

as a new foundational therapy for patients suffering from 

heart failure with reduced ejection fraction (HFrEF). The 

most recent European and American guidelines include 

SGLT2 as a fourth class of medicine alongside the other 

three. The purpose of this is to establish the foundation 

for the management of heart failure.
[8,9] 

 

Empagliflozin has a cardioprotective effect on patients 

with HFrEF, according to our study. As well as 

improving ventricular loading conditions, cardiac 

metabolism, bioenergetics, and ventricular remodelling, 

SGLT2i has direct cardioprotective and antiarrhythmic 

effects. Our study has demonstrated favourable changes 

on cardiac remodeling parameters: (LVEF, LVMi, 

LVEDVi, LVESVi, LAVi) and FMR ≥ II grade. The 

systematic review and meta-analysis of randomized 

controlled trials have shown that the use of SGLT2 

inhibitors was associated with an improvement in 

markers of cardiac function, confirming the importance 

of SGLT2 inhibition towards the reversal of cardiac 

remodeling.
[20,21,27,28]

 Data published in the literature 

indicates that SGLT2 inhibition benefits people without 

diabetes or prediabetes as well. Heart failure patients 

with HFrEF, regardless of glycemic status, can benefit 

from them. Diabetes patients and those without diabetes 

responded similarly to empagliflozin in terms of blood 

pressure, HbA1C, eGFR, and NT-proBNP.
[2,3,5,32] 

 

Study investigators compared empagliflozin against 

placebo in patients with NYHA II-IV class and EF 40% 

or less in the EMPEROR-Reduced (EMPagliflozin 

Outcome Trial in Patients With Chronic Heart Failure 

With Reduced Ejection Fraction) study to determine if it 

reduced CV death and hospitalization for HF. Overall, 

there was a 25% reduction in the combined risk of the 
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primary outcomes of CV death and hospitalization for 

HF regardless of diabetic status. DAPA-HF and 

EMPEROR-Reduced trials evaluated the effects of 

dapagliflozin and empagliflozin in patients with HFrEF, 

respectively. In both (DAPA-HF and EMPEROR-

Reduced) trials, the risk reduction seen in their primary 

outcomes was principally driven by a reduction in 

hospitalizations for heart failure. Meta-analysis of both 

trials revealed consistent reductions in all endpoints of 

all-cause death, cardiovascular death, hospitalization for 

heart failure, or decline in renal function.
 
 According to 

clinical trials, SGLT2 inhibitors are effective in treating 

and preventing heart failure both in diabetics and non-

diabetics. These studies led the US FDA to approve 

dapagliflozin and empagliflozin for heart failure in 

diabetics or non-diabetics.
[10,12,15] 

 

The EMPA-REG OUTCOME trial assessed the CV 

safety of empagliflozin in patients with type 2 diabetes 

(T2D) and atherosclerotic CV disease. The primary 

outcome of reduction in MACEs for the empagliflozin 

group yielded a 14% reduction in MACEs when 

compared with the placebo group. When empagliflozin 

was compared with placebo, the relative risk of CV 

deaths was reduced by 38%, the risk of all-cause deaths 

was reduced by 32%, and the risk of hospitalization for 

HF was reduced by 35%. The empagliflozin group also 

experienced a reduction in overall mortality. 

Additionally, empagliflozin significantly reduced CV 

death and hospitalizations for HF in patients with HFrEF 

regardless of T2D status.
[16,17,18] 

 

The three cardiovascular outcome trials of SGLT-2 

inhibitors (EMPA-REG OUTCOME, CANVAS, and 

DECLARE-TIMI 58) enrolled significantly different 

patient populations with different ASCVD risks, but all 

demonstrated robust and consistent benefits in reducing 

hospitalizations for HF. A meta-analysis of three 

outcomes trials found that SGLT-2i significantly reduced 

the risk of cardiovascular death or hospitalization for HF 

by 23% and 31%, respectively. Secondary endpoints 

showed that SGLT2 inhibitors reduced total heart failure 

hospitalizations (inclusive of first and recurrent episodes) 

by 27%, urgent heart failure visits by 35%, and all-cause 

hospitalizations by 7%.
[19,20,25] 

 

Every day, evidence-based strategies for treating HF are 

being developed and expanded. ACC/AHA heart failure 

stages or NYHA heart failure classes should be familiar 

to clinicians caring for patients with HF or at risk of HF. 

Clinical guidelines from the ESC and ACC should be 

used to determine a patient's course of treatment, 

including use of SGLT2 inhibitors to prevent MACEs, 

such as CV death and recurrent hospitalizations for 

HF.
[9,24,25,26] 

 

6. CONCLUSION  

Our study has demonstrated favourable changes on 

cardiac remodeling parameters (LVEF, LVMi, LVEDVi, 

LVESVi, LAVi), lower rate of hospitalization and 

cardiovascular death. When empagliflozin is 

administered to diabetic and nondiabetic HFrEF patients, 

LV volumes, LV mass, LV systolic function, functional 

capacity, and quality of life are significantly improved. A 

favourable reverse remodeling of the LV may explain the 

reduction in heart failure hospitalizations and mortality 

caused by SGLT2 inhibitors. Clinical trials have found 

that SGLT2 inhibitors significantly reduce the risk of 

cardiovascular death and hospitalization for heart failure 

among chronic heart failure patients. Regardless of the 

left ventricle ejection fraction, this is true. Recent 

evidence supports the pleiotropic effects of SGLT2i in 

reducing cardiovascular complications and 

hospitalizations in patients with and without diabetes by 

improving renal, cardiometabolic, and vascular function. 

In HFrEF patients, SGLT2 inhibitors are strongly 

recommended in guidelines. SGLT2 inhibitors have 

become a fourth pillar of chronic heart failure 

management based on the collective data of their 

efficacy. 

 

ACKNOWLEDGEMENTS 

The authors have no conflict of interest to declare. 

 

REFERNCES 

1. Metra M, Carubelli V, Ravera A, Stewart Coats AJ. 

Heart failure 2016: still more questions than 

answers. Int J Cardiol, 2017; 227: 766-777. doi: 

10.1016/j.ijcard. 2016.10.060. 

2. Lytvyn Y, Bjornstad P, Udell JA, Lovshin JA, 

Cherney DZI. Sodium Glucose Cotransporter-2 

Inhibition in Heart Failure: Potential Mechanisms, 

Clinical Applications, and Summary of Clinical 

Trials. Circulation, 2017; 136(17): 1643-1658. 

doi:10.1161/Circulationaha. 117.030012. 

3. Kubota Y, Shimizu W. Clinical Benefits of Sodium-

Glucose Cotransporter 2 Inhibitors and the 

Mechanisms Underlying Their Cardiovascular 

Effects. JACC Asia, 2022 Jun 7; 2(3): 287-293. doi: 

10.1016/j.jacasi. 2022.03.009. 

4. Lam CSP, Ferreira JP, Pfarr E, Sim D, Tsutsui H, 

Anker SD et al. Regional and ethnic influences on 

the response to empagliflozin in patients with heart 

failure and a reduced ejection fraction: the 

EMPEROR-Reduced trial. Eur Heart J, 2021; 42: 

4442–4451. 

5. Verma S, McMurray JJV. SGLT2 inhibitors and 

mechanisms of cardiovascular benefit: a state-of-

the-art review. Diabetologia, 2018; 61(10): 2108-

2117. doi:10.1007/s00125-018-4670-7. 

6. Packer M, Anker SD, Butler J, Filippatos G, Zannad 

F. Effects of Sodium-Glucose Cotransporter 2 

Inhibitors for the Treatment of Patients With Heart 

Failure: Proposal of a Novel Mechanism of Action. 

JAMA Cardiol, 2017; 2(9): 1025-1029. doi 

:10.1001/ jamacardio. 2017.2275. 

7. Anker SD, Butler J, Filippatos G, et al. 

Empagliflozin in heart failure with a preserved 

ejection fraction. N Engl J Med, 2021; 385: 1451–

1461. 



Nabil et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

   

 

www.ejbps.com      │       Vol 10, Issue 1, 2023.       │      ISO 9001:2015 Certified Journal        │ 

 

13 

8. McDonagh TA, Metra M, Adamo M, et al. 2021 

ESC Guidelines for the diagnosis and treatment of 

acute and chronic heart failure. Eur Heart J., 2021; 

42: 3599–3726. https:// doi.org 

/10.1093/eurheartj/ehab368. 

9. Heidenreich   PA, Bozkurt   B, Aguilar   D, Allen   

LA, Byun   JJ, Colvin   MM, et al.   2022 

AHA/ACC/HFSA guideline for the management of 

heart failure: a report of the American College of 

Cardiology/American Heart Association joint 

committee on clinical practice guidelines. 

Circulation, 2022; 145: e895–e1032. 

10. McMurray JJV, Solomon SD, Inzucchi SE, et al. 

Dapagliflozin in Patients with Heart Failure and 

Reduced Ejection Fraction. N Engl J Med, 2019; 

381(21): 1995-2008. doi:10.1056 /NEJMoa1911303. 

11. Zelniker TA, Braunwald E. Mechanisms of 

Cardiorenal Effects of Sodium-Glucose 

Cotransporter 2 Inhibitors: JACC State-of-the-Art 

Review. J Am Coll Cardiol. 2020; 75(4): 422-434. 

doi: 10.1016/j.jacc.2019.11.031. 

12. Packer M, Butler J, Filippatos GS, et al. Evaluation 

of the effect of sodium-glucose co-transporter 2 

inhibition with empagliflozin on morbidity and 

mortality of patients with chronic heart failure and a 

reduced ejection fraction: rationale for and design of 

the EMPEROR-Reduced trial. Eur J Heart Fail., 

2019; 21(10): 1270-1278. doi:10.1002/ejhf.1536 

13. Butler J, Anker SD, Filippatos G, et al. 

Empagliflozin and Health-Related Quality of Life 

Outcomes in Patients With Heart Failure With 

Reduced Ejection Fraction: The EMPEROR-

Reduced trial. Eur Heart J, 2021; 42: 1203-12. 

14. Packer M, Anker SD, Butler J, et al. Cardiovascular 

and Renal Outcomes with Empagliflozin in Heart 

Failure. N Engl J Med, 2020; 383(15): 1413-1424. 

doi:10.1056/NEJMoa2022190. 

15. Zannad F, Ferreira JP, Pocock SJ, et al. SGLT2 

inhibitors in patients with heart failure with reduced 

ejection fraction: a meta-analysis of the EMPEROR-

Reduced and DAPA-HF trials. Lancet, 2020; 396: 

819-29. doi:10.1016/S0140-6736(20)31824-9. 

16. Zinman B, Wanner C, Lachin JM, Fitchett D, 

Bluhmki E et al. Empagliflozin, Cardiovascular 

Outcomes, and Mortality in Type 2 Diabetes. N Engl 

J Med, 2015; 373: 2117-2128. DOI: 

10.1056/NEJMoa1504720. 

17. Hallow KM, Helmlinger G, Greasley PJ, McMurray 

JJV, Boulton DW. Why do SGLT2 inhibitors reduce 

heart failure hospitalization? A differential volume 

regulation hypothesis. Diabetes Obes Metab., 2018; 

20(3): 479-487. doi:10.1111/dom.13126. 

18. Lytvyn Y, Bjornstad P, Udell JA, Lovshin JA, 

Cherney DZI. Sodium Glucose Cotransporter-2 

Inhibition in Heart Failure: Potential Mechanisms, 

Clinical Applications, and Summary of Clinical 

Trials. Circulation, 2017; 136(17): 1643-1658. 

doi:10.1161/CIRCULATIONAHA.11 7.030012. 

19. Kluger AY, Tecson KM, Barbin CM, et al. 

Cardiorenal Outcomes in the CANVAS, 

DECLARE-TIMI 58, and EMPA-REG OUTCOME 

Trials: A Systematic Review. Rev Cardiovasc Med, 

2018; 19(2): 41-49. doi: 10.31083/j.rcm. 

2018.02.907. 

20. Wee CF, Teo YH, Teo YN, et al. Effects of 

Sodium/Glucose Cotransporter 2 (SGLT2) Inhibitors 

on Cardiac Imaging Parameters: A Systematic 

Review and Meta-analysis of Randomized 

Controlled Trials. J Cardiovasc Imaging, 2022; 

30(3): 153-168. doi :10.4250 /jcvi. 2021.0159. 

21. Theofilis P, Antonopoulos AS, Katsimichas T, et al. 

The impact of SGLT2 inhibition on imaging 

markers of cardiac function: A systematic review 

and meta-analysis. Pharmacol Res., 2022; 180: 

106243. doi:10.1016/j.phrs.2022.106243. 

22. Verma S, Mazer CD, Yan AT, et al. Effect of 

Empagliflozin on Left Ventricular Mass in Patients 

With Type 2 Diabetes Mellitus and Coronary Artery 

Disease: The EMPA-HEART CardioLink-6 

Randomized Clinical Trial. Circulation, 2019; 

140(21): 1693-1702. doi:10.1161 /Circulationaha. 

119.042375. 

23. Petrie MC, Verma S, Docherty KF, et al. Effect of 

Dapagliflozin on Worsening Heart Failure and 

Cardiovascular Death in Patients with Heart Failure 

With and Without Diabetes. JAMA, 2020; 323(14): 

1353–1368. doi:10.1001/jama.2020.1906. 

24. Anker SD, Butler J, Filippatos GS, et al. Evaluation 

of the effects of sodium-glucose co-transporter 2 

inhibition with empagliflozin on morbidity and 

mortality in patients with chronic heart failure and a 

preserved ejection fraction: rationale for and design 

of the EMPEROR-Preserved Trial. Eur J Heart Fail, 

2019; 21(10): 1279-1287. doi:10.1002/ejhf.1596. 

25. Vaduganathan M, Docherty KF, Claggett BL, et al. 

SGLT-2 inhibitors in patients with heart failure: a 

comprehensive meta-analysis of five randomised 

controlled trials. Lancet, 2022; 400(10354): 757-

767. doi:10.1016/S0140-6736(22)01429-5. 

26. Tomasoni D, Vishram-Nielsen JKK, Pagnesi M, et 

al. Advanced heart failure: guideline-directed 

medical therapy, diuretics, inotropes, and palliative 

care. ESC Heart Fail, 2022; 9(3): 1507-1523. 

doi:10.1002/ehf2.13859. 

27. Shi FH, Li H, Shen L, et al. Beneficial Effect of 

Sodium-Glucose Co-transporter 2 Inhibitors on Left 

Ventricular Function. J Clin Endocrinol Metab, 

2022; 107(4): 1191-1203. doi 10.1210 

/clinem/dgab834.  

28. Kosugi D, Inaba H, Kaido Y, et al. Beneficial effects 

of sodium glucose cotransporter 2 inhibitors on left 

ventricular mass in patients with diabetes mellitus. J 

Diabetes, 2021; 13(11): 847-856. doi:10.1111/1753-

0407.13209. 

29. Lan NSR, Fegan PG, Yeap BB, Dwivedi G. The 

effects of sodium-glucose cotransporter 2 inhibitors 

on left ventricular function: current evidence and 

future directions. ESC Heart Fail, 2019; 6(5): 927-

935. doi:10.1002/ehf2.12505. 



Nabil et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

   

 

www.ejbps.com      │       Vol 10, Issue 1, 2023.       │      ISO 9001:2015 Certified Journal        │ 

 

14 

30. Çamcı S, Yılmaz E. Effects of Sodium-Glucose Co-

Transporter-2 Inhibition on Pulmonary Arterial 

Stiffness and Right Ventricular Function in Heart 

Failure with Reduced Ejection Fraction. Medicina 

(Kaunas), 2022; 58(8): 1128. 

doi:10.3390/medicina58081128. 

31. Heerspink HJ, Perkins BA, Fitchett DH, Husain M, 

Cherney DZ. Sodium Glucose Cotransporter 2 

Inhibitors in the Treatment of Diabetes Mellitus: 

Cardiovascular and Kidney Effects, Potential 

Mechanisms, and Clinical Applications. Circulation, 

2016; 134(10): 752-772. doi: 

10.1161/CIRCULATIONAHA.116.021887.  

32. Naser N. Clinical Implications of Functional Mitral 

Regurgitation Severity in Patients with Heart Failure 

with Reduced Ejection Fraction (HFrEF). Med Arch, 

2022; 76(1): 17-22. doi:10. 

5455/medarh.2022.76.17-22. 

33. Masic I, Naser N, Zildzic M. Publich Health Aspects 

of COVID-19 Infection with Focus on 

Cardiovascular Diseases. Mater Sociomed, 2020 

Mar; 32(1): 71-76. DOI: 10.5455 /msm .2020 .32 

71-76. 

34. Naser N, Kulić M, Jatić Z. Our Experience With 

Sacubitril/Valsartan in Chronic Heart Failure 

Management - HFrEF in the Ambulatory Setting. 

Med Arch, 2022; 76(2): 101-107. 

doi:10.5455/medarh.2022.76.101-107. 

35. Donnan JR, Grandy CA, Chibrikov E, et al. 

Comparative safety of the sodium glucose co-

transporter 2 (SGLT2) inhibitors: a systematic 

review and meta-analysis. BMJ Open, 2019; 9(1): 

e022577. doi:10.1136/bmjopen-2018-022577. 


