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ABSTRACT. – OBJECTIVE: Sodium-glucose 
co-transporter-2 inhibitors (SGLT-2i) are a new 
class of drugs that lower blood glucose and re-
duce mortality in heart failure patients with re-
duced ejection fraction (HFrEF). They also have 
antioxidant effects. The exact mechanism of 
SGLT-2i is unknown. This study investigated the 
effects of SGLT-2i on asprosin, matrix metallo-
proteinase (MMP), and tissue inhibitor of MMP 
(TIMP-1) concentrations and echocardiographic 
measurements of strain in the left heart chamber.

PATIENTS AND METHODS: This prospective 
follow-up study included 56 patients with HFrEF 
and diabetes mellitus (DM) who did not initial-
ly receive SGLT-2 inhibitors. The control group 
consisted of 30 healthy individuals. Patients 
with HFrEF were administered either empagli-
flozin (n=28) or dapagliflozin (n=28) in addition 
to their treatment. The patient group was evalu-
ated for left ventricular global longitudinal strain 
(LVGLS), left atrial (LA) strain, and LA volumes at 
the beginning and third month of the study. The 
control group had blood collected once, while 
the patient group had it twice: at the start of the 
trial, on the same day as the echocardiographic 
evaluation, and at the end of the third month af-
ter starting an SGLT-2i. Serum levels of aspros-
in, MMP-1 and TIMP-1 were assessed.

RESULTS: LVGLS increased significantly in 
HFrEF patients at the third-month assessment 
compared to baseline (-8.6±2.3% vs. -9±2.5%, 
respectively; p<0.001), but there was no sig-

nificant difference in LVEF (p=0.593). A sub-
stantial increase was observed in the left atrial 
ejection fraction (LAEF) compared to baseline 
values (36.3±9.4% vs. 42.1±8.7%, respective-
ly; p<0.001), driven by a reduction in minimal 
LA volume [32.5 (19-96) ml vs. 32 (20-86) ml, re-
spectively; p=0.018]. Compared to baseline eval-
uation, LA reservoir [13 (6-25) vs. 16.5 (2-26), 
respectively; p<0.001] and contraction strain 
(7.7±4.3 vs. 9.4±5.6, respectively; p=0.014) val-
ues were also enhanced at the third month. Be-
tween the baseline and the 3rd month, the patient 
group’s LA conduit strain (p=0.122) and LA max-
imum volume (p=0.716) remained unchanged. 
Serum asprosin significantly increased (11.7±5.1 
ng/mL vs. 14±9.4 ng/mL, respectively; p=0.032); 
however, no statistically significant alteration 
was detected in MMP (p=0.278) and TIMP-1 lev-
els (p=0.401).

CONCLUSIONS: SGLT-2i are associated with 
elevated levels of LVGLS, LAEF, LA contraction 
strain, and LA reservoir strain. SGLT-2i med-
ications may improve plasma asprosin levels 
to boost energy metabolism, reduce oxidative 
stress and reactive oxygen radicals.
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Abbreviations
ACEI: Angiotensin-Converting Enzyme Inhibitor; ARB: 
Angiotensin Receptor Blocker; AF: Atrial Fibrillation; 
CRP: C-reactive protein; CMR: Cardiac Magnetic Reso-
nance; ECM: extracellular matrix; ERK1/2: Extracellular 
Signal-Regulated Kinases 1/2; HbA1c: Glycated hemoglo-
bin A1c; HCT: Hematocrit; HF: Heart failure; HFrEF: Heart 
failure with reduced ejection fraction; HFpEF: Heart failure 
with preserved ejection fraction; LA: Left Atrium; LGE: 
Late Gadolinium Enhancement; LV: Left Ventricle; LVEF: 
Left ventricular ejection fraction; LV GLS: Left ventricular 
Global Longitudinal Strain; MMP: Matrix Metalloprotein-
ase Enzyme Family; MSC: Mesenchymal Stromal Cells; 
NHE: Na-H exchanger-1; NT-proBNP: N-terminal pro 
Brain Natriuretic Peptide; PALS: Photoacoustic lesion scor-
ing; PLT: Platelet; ROS: Reactive oxygen species; SGLT-2: 
Sodium-Glucose Co-transporter-2; SOD: Superoxide Dis-
mutase; TIMP-1: Matrix Metalloproteinase Tissue Inhibi-
tors; TTE: Transthoracic Echocardiography; T2DM: Type 2 
Diabetes Mellitus; WBC: White blood cell.

Introduction

Heart failure (HF) is a complex medical condi-
tion that occurs when the heart is unable to pump 
enough blood to meet the metabolic requirements 
of tissues or can only do so by exerting abnormal-
ly high pressure during filling. Despite multiple 
therapeutic options, 60% of patients with HF die 
within five years of diagnosis, making it an im-
portant global health issue. Using left ventricular 
ejection fraction (LVEF), a typical echocardio-
graphic measurement, the condition was divided 
into subgroups for the purpose of classification. 
Individuals who have an ejection fraction of the 
left ventricle (LVEF) that is lower than forty per-
cent are classified as having heart failure with re-
duced ejection fraction (HFrEF). This condition 
accounts for more than half of all individuals who 
exhibit symptoms or signs of cardiac failure1,2.

Diabetes mellitus (DM), a comorbidity that is 
becoming more common, is one of the most sig-
nificant risk factors for the occurrence of cardi-
ac failure. Observational studies3,4 have demon-
strated a significant elevation in the risk of HF 
in patients with diabetes, with a two to four-fold 
increase compared to those without diabetes. Dia-
betes is strongly associated with an increased risk 
of unfavorable effects in individuals suffering 
from heart failure, particularly those with cardiac 
failure with decreased ejection fraction (HFrEF).

Sodium-glucose co-transporter-2 inhibitors 
(SGLT-2i) are a new kind of medication designed 
to mainly lower blood glucose levels. These treat-
ments have shown5-7 the capacity to reduce mor-

tality in people who have both diabetic mellitus 
(DM) and heart failure (HF). These medications 
have shown1,2 a significant reduction in fatalities 
linked to cardiovascular issues, hospitalizations 
for heart failure, and overall mortality. These 
findings have had a considerable impact on the 
recommendations for managing heart failure. 
Although numerous trials5-7 have confirmed their 
benefits in the cardiovascular system, the precise 
mechanisms by which SGLT-2 inhibitors pro-
mote cardiac health remain unclear. The potential 
cardioprotective actions of SGLT2i molecules in 
heart failure include inhibiting the Na-H exchang-
er-1 (NHE) receptor in the heart, which may lead 
to improved mitochondrial function by reduc-
ing cardiac inflammation, fibrosis, and oxidative 
stress8,9.

To maintain the proper functioning of its es-
sential metabolic processes, the human body must 
achieve a balance between the production of re-
active oxygen species (ROS) and the reduction 
of free radicals. Increased concentrations of ROS 
in the heart directly disrupt the electrical activi-
ty and contraction of cardiomyocytes by altering 
essential proteins involved in the heart’s exci-
tation-contraction pathway. Calcium channels of 
the L-type, potassium channels, sodium channels 
and sodium-calcium exchanger channels are all 
included in this group of proteins. Uncompen-
sated ROS cause cardiac fibroblast proliferation 
and the activation of matrix metalloproteinases, 
resulting in extracellular remodeling and an in-
crease in fibrosis10.

Asprosin is an adipokine that was initially 
identified in 2016 and is secreted by white adipose 
tissue11. Adipokines are biologically active com-
pounds released by adipose tissue that have sever-
al roles in regulating hunger, energy levels, lipid 
and carbohydrate processing, blood pressure con-
trol, and inflammation. Its beneficial benefits on 
the heart are believed to be achieved by suppress-
ing apoptosis through the extracellular signal-reg-
ulated kinase (ERK1/2) and superoxide dismutase 
(SOD-2) pathways, resulting in decreased reactive 
oxygen metabolites12. Matrix metalloproteinases 
(MMPs) are a group of zinc endopeptidases that 
are either secreted or anchored to the cell surface. 
They have many domains and are involved in the 
breakdown of the extracellular matrix, as well as 
various other biological activities. It is important 
to maintain a balance between MMPs and their 
primary natural protein inhibitor, the tissue inhib-
itors of metalloproteinases (TIMPs), in order to 
ensure proper cellular activities13-15.
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Strain echocardiography is widely used to detect 
reduced longitudinal LV systolic function and left 
atrial (LA) function in various heart diseases. Left 
ventricular global longitudinal strain (LVGLS) ex-
hibits a greater predictive value than other echo-
cardiographic measures in patients with HFrEF. A 
more precise assessment of LA function, which is a 
predictive indication for mortality in patients with 
heart failure, may also be obtained by the use of 
this recently developed ultrasound approach16-19.

We performed a study to determine the effect 
of SGLT-2 inhibitors on multiple biochemical 
markers linked with inflammatory conditions, 
oxidative stress, and fibrosis in HFrEF patients. 
We conducted another research utilizing 2D and 
strain echocardiography to assess the effect of 
SGLT2 inhibitors on the structure and functional-
ity of the left ventricle (LV) and left atrium (LA) 
in patients with heart failure defined as reduced 
ejection fraction (HFrEF).

Patients and Methods

Study Population
The research was designed as a single-center 

prospective cohort study and carried out from 
March 2021 to June 2021, which included 56 in-
dividuals. We prospectively screened 96 patients 
with HFrEF (LVEF≤40%) and type 2DM with a 
sinus rhythm who were naive to SGLT-2 inhib-
itors. The study excluded patients who had an 
estimated glomerular filtration rate (eGFR) of 30 
ml/min/1.73 m2 or lower (n=9), were pregnant or 
breastfeeding (n=1), had a history of malignancy 
(n=2), had endocrine disorders other than type 2 
diabetes mellitus (n=4 with thyroid disorders, n=1 
with adrenal adenoma), were scheduled for car-
diac surgery or coronary intervention (n=8), had 
increased liver enzymes (n=4), had a history of 
myocardial infarction within the past six months 
(n=8), or had poor image quality that was rejected 
by the software (n=3). The remaining 56 patients 
with HFrEF formed the study population. Patients 
with HFrEF were receiving maximum tolerat-
ed HF medications, including angiotensinogen 
enzyme inhibitors and/or beta blockers and/or 
mineralocorticoid receptor antagonists, but were 
naïve to SGLT-2 inhibitors.

The control group consisted of medically un-
impaired male and female participants aged 18-80 
who voluntarily sought our clinic’s facilities and 
exhibited no health complications following the 
tests and assessments.

The local Ethics Committee of the Medical 
Faculty at Gaziantep University approved the 
project after all the participants in the research 
study provided informed permission.

Echocardiography Evaluation
Following the administration of an SGLT2 in-

hibitor as part of the optimally tolerated therapy for 
heart failure, all of the patients were evaluated with 
two-dimensional (2D) transthoracic echocardiog-
raphy (TTE) imaging. During this imaging, tissue 
Doppler, tissue strain, and two-dimensional strain 
analysis were all performed. This was performed 
prior to the initiation of SGLT2i treatment and 
again three months later. The control group un-
derwent only one transthoracic echocardiograph-
ic examination for normalization at the beginning 
of the study. The echocardiographic exams were 
conducted using commercially available ultra-
sound equipment, including a 5 MHz transducer 
and Vivid S90 device (GE-Vingmed Ultrasound 
AS, Horten, Norway). Three consecutive heart 
cycles were recorded to obtain echocardiographic 
cine loops. Subsequently, these cine loops were 
preserved in optical disks to perform the analysis 
offline. The two-dimensional echocardiography 
was performed according to the standards set by 
the American Society of Echocardiography and 
the European Association of Echocardiography20. 
The specified criteria were used to measure the di-
mensions of the left atrium (LA) and left ventricle 
(LV) at the end of diastole and end of systole. The 
LV ejection fraction (LVEF), LA maximal and LA 
minimal volumes (LA Vmax and LA Vmin, respec-
tively) have been calculated utilizing the biplane 
Simpson method21. The left atrial ejection frac-
tion (LAEF) was determined using the formula 
[LAEF = LA (Vmax-Vmin)/Vmax], which was auto-
matically calculated by a computer program22-24. A 
specialized software (Echo-PAC PC; GE Health-
care, Waukesha, WI, USA) was used to perform 
strain analysis. A single, skilled echocardiographer 
blinded to all other subjects’ data conducted each 
study and off-line analysis.

To determine LV global longitudinal strain 
(LVGS) values, digital cine loops were collected 
during the end of expiration at frame rates that 
varied between 60 to 100 frames per second, 
beginning at the peak of the R-wave. The pro-
gram autonomously generated a segmented area 
of interest by tracing the endocardial contour on 
a frame captured at end-diastole. The quality of 
myocardial tracking was evaluated visually. If the 
tracking was deemed inadequate, the procedure 
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was repeated by modifying the area of interest or 
straightening the contour manually. Graphics de-
picting the deformation parameter were automati-
cally generated. The average segmental value was 
obtained using the apical four-chamber, apical 
two-chamber, and apical three-chamber images 
to calculate the LVGS.

Images of the strain were acquired from the 
apical four-chamber view and captured at a 
frame rate exceeding 110 frames per second 
to assess the function of the left atrium. Fol-
lowing the manual marking of the LA bas-

al, lateral, and apical segments in the apical 
four-chamber view, the software automatical-
ly determined the strain values of LA. The 
quality of myocardial tracking was visually 
checked again. The onset of the QRS wave 
and ventricular end-diastole were marked as 
the zero point, and the peak positive longitu-
dinal strain was calculated as the LA reservoir 
strain. Negative strain in early diastole was 
calculated as LA conduit strain and negative 
strain in late diastole was calculated as LA 
contraction strain (Figure 1)23.

Figure 1. A, Displays the left atrial (LA) strain echocardiographic assessment conducted before the administration of SGLT-2 
inhibitors, whereas (B) illustrates the echocardiographic assessment conducted three months following the administration of 
SGLT-2 inhibitors. Diabetic individuals with heart failure with reduced ejection fraction showed a significant increase in left 
atrial ejection fraction (LAEF), LA reservoir strain and LA contraction strain values, as seen by strain echocardiography when 
treated with SGLT-2 inhibitor molecules.

B

A
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While the echocardiographic examination was 
performed once in the control group, it was per-
formed twice (at the initiation of the study and at 
the third month of SGLT-2 inhibitor use) in patients 
with HFrEF.

Measurement of Strain Parameters Using 
Echocardiography

Following the manual marking of the LA bas-
al, lateral, and roof in the apical four-chamber pic-
tures, the software automatically determined the 

Figure 2. A-B, Display the echocardiographic assessment conducted before the administration of SGLT-2 inhibitors, whereas (C-D) 
illustrate the echocardiographic assessment conducted three months following the administration of SGLT-2 inhibitors. Administration 
of SGLT-2 inhibitor medication in individuals with diabetes and heart failure with reduced ejection fraction resulted in a notable 
improvement in left ventricular global longitudinal strain echocardiography (LVGLS) measures, as seen using echocardiography.

Figure continued

A

B
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Figure 2 Continued. A-B, Display the echocardiographic assessment conducted before the administration of SGLT-2 
inhibitors, whereas (C-D) illustrate the echocardiographic assessment conducted three months following the administration of 
SGLT-2 inhibitors. Administration of SGLT-2 inhibitor medication in individuals with diabetes and heart failure with reduced 
ejection fraction resulted in a notable improvement in left ventricular global longitudinal strain echocardiography (LVGLS) 
measures, as seen using echocardiography.

C

D
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C

D

strain values in LA. Within the LA strain curve, 
the different phases can be distinguished by three 
measurements. Specifically, when the atrial wall 
extends during the reservoir phase, the strain in 
this phase should be defined as a positive value. 
The narrowing of the LA wall during the other two 
phases suggests that they should be defined by neg-
ative values. The onset of the ventricular end-di-
astole was taken as the zero point, and the peak 
positive longitudinal strain was calculated as the 
LA reservoir strain. Negative strain in early diasto-
le was calculated as LA conduit strain and negative 
strain in late diastole was calculated as LA con-
traction strain25. Among the LA strain values, res-
ervoir strain, conduction strain, contraction strain, 
LAEF, and left atrial maximum and minimum vol-
ume index values were recorded (Figure 1).

Figure 1A depicts the echocardiographic as-
sessment conducted before the administration 
of SGLT-2 inhibitors, whereas Figure 1B illus-
trates the echocardiographic assessment con-
ducted three months following the administra-
tion of SGLT-2 inhibitors. Diabetic individuals 
with heart failure with reduced ejection fraction 
showed a significant increase in left atrial strain 
values, as seen by echocardiography when treated 
with SGLT-2 inhibitor molecules.

In LV strain measurements, the region from the 
left ventricular outflow tract to the anterior mitral 
annulus was marked with dots. The strain analy-
sis was performed using apical 4-chamber, apical 
3-chamber, and 2-chamber images obtained from 
three pulses, with a frame rate ranging from 50 to 
100 fprs. During the measurements, a single point 
was identified at the apex of the mitral annulus, 
as well as one point from each corner. The com-
puter autonomously scanned the boundaries of 
the myocardium. Following the implementation 
of manual corrections, the computer subsequently 
calculated the strain measurements automatical-
ly. Following the processing of images from three 
distinct cavities in the algorithm, a ‘‘Bull’s Eye’’ 
model consisting of 17 segments was generated. 
After “Bulls Eye” was created, the GLS-average 
from LV global longitudinal strain (GLS) values 
was recorded for each participant (Figure 2)26.

Figure 2 A-B displays the echocardiographic 
assessment conducted before the administration 
of SGLT-2 inhibitors, whereas Figure 2 C-D illus-
trates the echocardiographic assessment conduct-
ed three months following the administration of 
SGLT-2 inhibitors.

Administration of SGLT-2 inhibitor medication 
in people with diabetes and heart failure with re-

duced ejection fraction resulted in a notable im-
provement in left ventricular global longitudinal 
strain echocardiography (LV GLS) measures, as 
seen using echocardiography.

Laboratory Study
The control group underwent blood sampling 

once, whereas the patient group underwent the 
procedure twice. The first blood sample was tak-
en at the commencement of the study, which was 
also the day when the echocardiographic examina-
tion was performed. After starting treatment with 
an SGLT-2 inhibitor, the second blood sample was 
collected on the last day of the third month, which 
also coincided with the echocardiographic testing. 
All venous blood samples were collected after an 
overnight fasting. Heparin-containing tubes were 
used to collect blood samples. The serum sam-
ples were separated by centrifugation at a speed 
of 4,000 revolutions per minute for a duration of 
10 minutes. Subsequently, the samples were stored 
at a temperature of -80°C until the assays were 
conducted. MMP-1/TIMPs-1 and asprosin levels 
were measured with an ELISA reader (BioTek 
ELx800; BioTek® Instruments Inc., Winooski, VT, 
USA) and the color intensity formed by the en-
zyme-linked immunosorbent assay (ELISA) meth-
od using Bioassay Technology Laboratory (BT 
LAB: Bioassay Technology Laboratory® Shanghai, 
China) kits. Results are expressed as ng/mL. White 
blood cell (WBC), hematocrit (HTC), and platelet 
(PLT) counts were performed with the Automated 
Hematology Analyzer XN 10 (Kobe, Japan). Se-
rum Ferritin, serum creatinine, C-reactive protein 
(CRP), and C-peptide levels were measured with 
the Beckman Coulter UniCel DxI 800 (Brea, CA, 
USA). The levels of hemoglobin A1C (HbA1C) and 
N-terminal pro-B natriuretic peptide (NT-proB-
NP) were determined using the entirely automated 
hemoglobin analyzer and the UNICELL-S (Shen-
zhen, China) equipment.

Statistical Analysis
An analysis of statistical significance was carried 

out using the MedCalc Statistical Software version 
12.7.7 (MedCalc Software bvba, Ostend, Belgium; 
http://www.medcalc.org; 2013) program. The dis-
tribution of normality for continuous variables was 
checked using the Shapiro-Wilk test. Continuous 
variables were presented as means±standard de-
viations (SD) or as medians (minimum-maximum 
values) according to normality test results. Cat-
egorical variables are presented as numbers (n) 
and percentages. The comparison between two 

http://www.medcalc.org
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independent variables with a normal distribution 
was examined with the Student’s t-test, otherwise 
with the Mann-Whitney U test, appropriately. The 
comparison of baseline parameters with the third 
month corresponding was examined with a paired 
t-test, or Wilcoxon Signed Rank test. A p<0.05 was 
considered statistically significant.

 
 

Results

Demographic characteristics of the study’s par-
ticipants and controls are presented in Table I. 
The control group was significantly younger than 
the patient group [30 (26-36) years vs. 68 (42-86) 
years, p<0.001]. The statistical analysis found no 
significant variations in male and female numbers 
across groups (p=0.962). The patients had a bigger 
body surface area than the controls (29±3.5 m2 vs. 
22.2±4 m2; p<0.001). However, there was actual-
ly no statistically significant variance in diastolic 
or systolic blood pressure measures (p=0.485 and 
0.582, respectively). The HF medications used by 
the patients are also presented in Table I. Among the 
patients with HF, 60.7% were receiving angioten-
sin-converting enzyme inhibitors (ACEi), 30.3% 
were receiving an angiotensin receptor blocker 
(ARB), and 92.8% were receiving beta-blockers. 

Among the two SGLT-2 inhibitors available in our 
country, half of the patients (n=28) received em-
pagliflozin, and the other half received dapagli-
flozin. Table II presents a comparison of baseline 
echocardiographic measurements between patients 
and controls. Echocardiographic data revealed 
a higher LV end-diastolic diameter (LVEDD) 
(56.37±7.42 mm vs. 48.2±3.6 mm, respectively) 
and LV end-systolic diameter (34.85±3.54 mm vs. 
29.9±3.4 mm, respectively) but lower LVEF values 
(33.3±6.9% vs. 59±1.8%, respectively) (all three 
p-values<0.001) in patients compared to controls. 
Strain echocardiographic assessment of the LV 
showed reduced LVGLS strain values in patients 
compared to controls (-8.6±2.3% vs. -21.3±1%, 
respectively, p<0.001). Assessment of LA demon-
strated higher Vmax (60.2±21 ml vs. 22.3±2.3 ml, 
respectively; p<0.001) and Vmin (37.65±15.28 ml vs. 
34.94±12.73 ml, respectively; p=0.049) but lower 
LAEF values (36.3±9.4% vs. 66.4±3.1%, respec-
tively; p<0.001) in patients compared to controls. 
Strain echocardiographic assessment of LA dis-
played a lower LA reservoir strain [13 (27-25) vs. 
40 (38-42), respectively], conduit strain  (7.5±4.2 
vs. 22.2±1.2, respectively), and contraction strain 
(7.7±4.3 vs. 17.8±1) functions in patients with HF 
than in controls (all three p-values<0.001). Patients 
with HF had lower baseline serum asprosin levels 

Table I. Comparison of baseline demographic characteristics of the patients with heart failure with controls.

ACE: angiotensin converting enzyme, ARB: angiotensin receptor blocker, ARNI: angiotensin receptor-neprilysin inhibitor, 
MRA: mineralocorticoid receptor antagonist, SGLT-2: sodium-glucose co-transporter-2, NA: non-applicable.

Variable Heart failure group
(n=56)

Control group
(n=30)

p-value

Age, years 67±9.9 29.9±2.7 <0.001
Men, % 30 (53.6) 30 (26-36) <0.001
Body surface area, m² 29±3.5 22.2±4 <0.001
Systolic blood pressure, mmHg 116.5±12.5 125.5±8.5 0.485
Diastolic blood pressure, mmHg 73.5±7.5 80.5±4.5 0.582
Medications 
       ACE inhibitor (n,%)
       ARB (n,%)
       ARNI (n,%)
       B-blocker (n,%)
       MRA (n,%)
       SGLT-2 inhibitors
              Empagliflozin (n,%)
              Dapagliflozin (n,%)
      Digoxin (n,%)
      Diuretic (n,%)
      Antiaggregant (n,%)
      Anticoagulant (n,%)

34 (60.7)
17 (30.3)
2 (0.3)

52 (92.8)
34 (64.2)

28 (50)
28 (50)
9 (16.7)
23 (42.6)
32 (59.3)
3 (5.6)

-
-
-
-
-

-
-
-
-
-
-

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
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(11.7±5.1 ng/mL vs. 20.9±13.3 ng/mL, respective-
ly; p<0.001) and MMPTI levels (5±2.7 ng/mL vs. 
7.9±4.8 ng/mL, respectively; p=0.019) but similar 
MMP levels [6.3 (2.6-21.6) ng/mL vs. 5.5 (2.2-16.3) 
ng/mL; respectively p=0.278] compared to con-
trols.

Table III compares baseline and third-month 
laboratory and echocardiographic data in the pa-
tient group before and after treatment with an 
SGLT-2 inhibitor. LVEF values were not consid-
erably distinct (33.3±6.9% vs. 33.5±7.1%, respec-
tively; p=0.593); however, there was a notable rise 
in the LV GLS values (-8.6±2.3% vs. -9±2.5%, 
p<0.001). LAEF increased significantly (36.3±9.4% 
vs. 42.1±8.7%) (p<0.001), owing to a decrease in 
Vmin [32.5 (19-96) ml vs. 32 (20-86) ml, respective-
ly; p=0.018]. The third month of the examination 
showed substantial increases in LA reservoir [13 
(6-25) vs. 16.5 (2-26), respectively; p<0.001] and 
contraction strain (7.7±4.3 vs. 9.4±5.6, respectively; 
p=0.014). Between the baseline assessment and the 
third-month evaluation, there was no statistically 
noteworthy difference in the LA conduit strain 
(p=0.122) or the LA Vmax (p=0.716) parameters in 
the patients (Table III).

A comparison of baseline biochemical parame-
ter values with third-month values revealed a sta-

tistically noteworthy rise in serum asprosin levels 
(11.7±5.1 ng/mL vs. 14±9.4 ng/mL, respectively; 
p=0.032) but no statistically significant alteration 
in MMP (p=0.278) or MMTI levels (p=0.401) (Ta-
ble III). There was a marked decrease in plasma 
N-terminal pro brain natriuretic peptide (Nt-proB-
NP) (p=0.037) and HbA1c (p<0.001) levels, but 
white blood cell count (WBC) (p=0.075), hema-
tocrit (HCT) (p=0.147), platelet count (p=0.527), 
serum creatinine (p=0.689), eGFR (p=0.567), 
C-peptide levels (p=0.502), and ferritin (p=0.119) 
levels did not significantly change at the end of 
the third month (Table III).

Discussion

Following three months of therapy with an 
SGLT2 inhibitor in addition to the conventional 
approach for HFrEF, our study observed no sta-
tistically significant changes in ejection fraction 
or conventional echocardiographic parameters. 
In addition, the LVGLS, left atrial reservoir, and 
conduit strain parameters improved. Additionally, 
serum asprosine levels improved, but NT-proB-
NP levels were reduced. However, there was no 
change in serum TIMMP and MMP-1 values after 

LVEDD: left ventricular end-diastolic diameter, LVEDD: left ventricular end-systolic diameter, LVGLS: left ventricular global 
longitudinal strain, LVEF: left ventricular ejection fraction, LA: left atrial, LAEF: left atrial ejection fraction, Vmax: maximum 
volume, Vmin: minimum volume, MMP: matrix metalloproteinase, MMTI: matrix metalloproteinase tissue inhibitor.

Variable Heart failure group
(n=56)

Control group
(n=30)

p-value

Echocardiographic variables
LVEDD (mm) 56.37±7.42 48.2±3.6 <0.001
LVESD (mm) 34.85±3.54 29.9±3.4 <0.001
LVEF (%) 33.3±6.9 59±1.8 <0.001
LVGLS (%) -8.6±2.3 -21.3±1 <0.001
LA Vmax (ml) 60.2±21 22.3±2.3 <0.001
LA Vmin (ml) 37.65±15.28 34.94±12.73 0.049
LAEF (%) 36.3±9.4 66.4±3.1 <0.001
LA reservoir strain (%) 13 (27-25) 40 (38-42) <0.001
LA conduit strain (%) 7.5±4.2 22.2±1.2 <0.001
LA contraction strain (%) 7.7±4.3 17.8±1 <0.001
Laboratory variables

Asprosin (ng/ml)		  11.7±5.1 20.9±13.3 <0.001
MMP (ng/mL) 6.3 (2.6-21.6) 5.5 (2.2-16.3) 0.278
MMPTI (ng/mL) 5±2.7 7.9±4.8 0.019

Table II. Baseline comparison of echocardiographic and laboratory variables between patients with heart failure and controls. 
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three months. HbA1c (p<0.001), CRP (p=0.016), 
and NT-proBNP (p=0.037) all showed substantial 
reductions, as expected. Randomized controlled 
trials27-29 have unequivocally shown that SGLT-2 
inhibitors have significantly reduced hospitaliza-
tion and mortality rates in individuals with HFrEF, 
irrespective of their diabetic status. The impact of 
SGLT2 inhibitors on the cardiovascular system 
cannot be primarily attributed to their influence 
on ejection fraction. LVGLS is an indicator that 
evaluates the left ventricle’s systolic performance. 
It is used because of its high level of sensitivity. 
Some research30,31 has demonstrated that it has a 
substantial influence on the long-term results in 
patients with HFrEF, and this correlation is unaf-
fected by other variables. Incorporating LVGLS 
into the evaluation of patients with HFrEF offers a 
supplementary predictive capability that surpass-

es that of left ventricular ejection fraction (LVEF) 
alone30,31. Therefore, it is recommended that 
LVGLS be included in clinical practice in order 
to enhance the capability of classifying patients 
according to the amount of risk they present. 
SGLT-2 inhibitor molecules attach to the Na-H 
exchanger-1 (NHE) receptor in the heart and hin-
der its operation. This disturbs the equilibrium of 
sodium and calcium in the cytosol, leading to en-
hanced mitochondrial activity, reduced oxidative 
stress, and the cessation of cardiac fibrosis. It is 
possible that each of these modes of action is like-
wise accountable for the enhancement in GLS9. 
The study’s limited duration of follow-up raises 
concerns about the observed alterations in strain 
levels during the first stage of the disease despite 
the standard echocardiographic data being un-
changed. This raises doubts about the usefulness 

Variable Baseline 3rd month p-value

Echocardiographic parameters
LVEF (%) 33.3±6.9 33.5±7.1 0.593
LAEF (%) 36.3±9.4 42.1±8.7 <0.001
LA Vmax (mL) 54 (36-157) 55 (35-134) 0.716
LA Vmin (mL) 32.5 (19-96) 32 (20-86) 0.018
LA reservoir strain (%) 13 (6-25) 16.5 (2-26) <0.001
LA conduit strain (%) 7.5±4.2 6.3±4.3 0.122
LA contraction strain (%) 7.7±4.3 9.4±5.6 0.014
LVGLS (%) -8.6±2.3 -9±2.5 <0.001
Laboratory parameters 
WBC (103/µL) 9.3±2.7 8.8±2.7 0.075
Hct % 40.2±4.7 41.1±4 0.147
Plt (103/μL) 255.5±74.6 252.5±79.3 0.527
Creatinine (mg/dL) 1.1±0.4 1.1±0.4 0.689
eGFR (ml/min/1.73 m2) 73.7±24.8 72.5±24.2 0.567
HbA1c (%) 8.5 (5.7-14.8) 7.7 (5.6-12.4) <0.001
C-Peptide (µg/L) 4 (0.6-16.3) 3.8 (1-12.9) 0.502
CRP (mg/L) 6 (0.5-168.7) 4.4 (0.3-96.3) 0.016
Ferritin (ng/mL) 81.1 (12-247.9) 67.4 (1.5-291.2) 0.119
Nt-proBNP (pg/mL) 955.4 (27.7-13,459.3) 894.9 (43.2-15,150.4) 0.037
Asprosin (ng/mL) 11.7±5.1 14±7.4 0.032
MMP (ng/mL) 6.3 (2.6-21.6) 5.5 (2.2-16.3) 0.278
MMPTI (ng/mL) 4.4 (1.9-14.8) 3.9 (1.8-13.3) 0.401

Table III. Comparison of baseline and 3rd month echocardiographic and laboratory parameters in patients with heart failure. 

CRP: C-reactive protein, eGFR: estimated glomerular filtration rate, HbA1c: glycated hemoglobin A1C, LA: left atrial, LVEF: 
left ventricular ejection fraction, LVGLS: left ventricular global longitudinal strain, MMP: matrix metalloproteinase, MMPTI: 
matrix metalloproteinase tissue inhibitor, Nt-proBNP: N-terminal pro natriuretic peptide, Vmax: maximum volume, Vmin: mini-
mum volume, WBC: blood cell count.
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of strain echocardiography as a standard tool for 
monitoring patients. While the ejection fraction 
did not change in our patients after receiving 
SGLT-2 inhibitors, there was a significant change 
in GLS values. On the basis of these findings, it 
would seem that GLS has the potential to func-
tion as a reliable tool for monitoring patients who 
are suffering from cardiac failure and have a re-
duced ventricular ejection fraction. LA reservoir 
peak longitudinal strain, inherent to its nature as 
a strain, is dependent on its baseline length, with 
maximal elongation of the LA during LV systole, 
suggesting its high dependence on LV longitudi-
nal strain as well32. Carluccio et al16 showed that 
LA reservoir strain was more strongly associat-
ed with LVGLS beyond LA volume and E/e’ in 
patients with HFrEF, highlighting the substantial 
impact of left ventricular systolic dysfunction on 
left atrial dysfunction in individuals with HFrEF. 
The strain on the LA reservoir was significantly 
reduced in patients with HFrEF compared to pa-
tients with heart failure with preserved ejection 
fraction (HFpEF), despite the higher occurrence 
of atrial fibrillation (AF) in patients with HFpEF.

The presented explanation suggests that alter-
ations in the LA, which serves as an intermediary 
chamber between the circulation of the pulmonary 
system and the left side of the heart (LV), might 
directly affect the functioning of the LV. LA dys-
function is an independent predictor of unfavorable 
outcomes, irrespective of the existence of LV hy-
pertrophy and global longitudinal strain33. From 
this viewpoint, LA “remodeling” plays an active 
role in the pathophysiology of heart failure. The de-
generation of the LA prior to its enlargement raises 
the probability of developing symptomatic HF and 
mortality. LA dysfunction may be the main source 
of clinical decompensation in HF, as several path-
ways of HFrEF include LA. Thus, patients with 
identically diminished LVEF may have different 
symptoms30. Indeed, atrial failure has been pro-
posed as a distinct clinical condition encompassing 
any structural, functional, or electrical irregularity 
that impacts heart function and causes symptoms34.

Left atrial strain in HFrEF patients can provide 
extra predictive insights on outcomes, outweigh-
ing those from commonly used clinical and cardi-
ac magnetic resonance (CMR) risk indicators like 
late gadolinium enhancement (LGE).

Assessing peak atrial longitudinal strain (PALS) 
is a very useful predictive diagnostic in subjects with 
cardiac failure with a reduced ejection fraction. It re-
mains consistent irrespective of the left atrial volume 
and the longitudinal contraction of the left ventricle35.

SGLT-2 inhibitor molecules have been 
found9,36,37 to enhance systolic and diastolic func-
tions by reducing afterload due to decreased pre-
load and blood pressure, as well as improving en-
dothelial functions. These benefits are attributed 
to the osmotic diuresis and natriuresis effects they 
exert in the proximal tubule. 

Based on our findings, we have determined 
that the use of SGLT2 inhibitors leads to improve-
ments in mitochondrial activities, reduction in 
oxidative stress, and prevention of cardiac fibro-
sis. Therefore, we propose that the enhancement 
of left atrial systolic and diastolic function is di-
rectly associated with the use of SGLT2i. These 
improvements in left atrial function and structure 
may be responsible for the possible beneficial ef-
fects of SGLT2i in heart failure.

Asprosin is a kind of adipokine that is released 
by white adipose tissue. Adipokines are biologi-
cally active compounds released by adipose tis-
sue that have several roles in regulating hunger, 
energy levels, lipid and carbohydrate processing, 
blood pressure control, and inflammation. In ad-
dition, the liver, pancreas, skeletal muscle, and 
heart are also impacted by the presence of circu-
lating asprosin11,12. A study38 conducted in living 
organisms discovered that asprosin has the ability 
to regulate the activity and longevity of mesen-
chymal stromal cells (MSC) in order to enhance 
cardiac function in cases of myocardial infarc-
tion. Within the ischemic microenvironment, 
asprosin served as a protective factor for MSCs 
by preventing the generation of reactive oxygen 
species and inhibiting apoptosis. The cytoprotec-
tive effect was achieved by increasing the produc-
tion of superoxide dismutase (SOD)-2 protein and 
activating the ERK1/2-SOD2 (extracellular sig-
nal-regulated kinases) signaling pathway. Simi-
larly, a clinical study39 discovered that individuals 
with dilated cardiac myopathy who had elevated 
levels of asprosin experienced a decreased occur-
rence of adverse cardiovascular events compared 
to those with lower levels. In addition, another 
study40 found that in hypoxic conditions, asprosin 
directly caused cardio-protective effects on H9c2 
cell line myoblasts, resulting in the restoration of 
mitochondrial respiration. Heart failure results in 
a shift of mitochondrial energy production from 
fatty acids to glycolytic pathways. This change 
may require quick and accurate control of plasma 
glucose levels through the action of glucogenic 
adipokines12. This mechanism is crucial for meet-
ing the energy demand of myocytes, particularly 
in response to hemodynamic stress39.
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Consequently, the rise in serum asprosin levels 
following the use of SGLT-2 inhibitors may be one 
of the potential beneficial mechanisms of action for 
these drugs in patients with HFrEF and DM.

Matrix metalloproteinases (MMPs) are a class 
of enzymes that include the capability to de-
grade the constituents of the extracellular matrix 
(ECM) and basement membrane. However, it is 
crucial to acknowledge that MMP species do not 
consistently increase in individuals with end-
stage heart failure. This indicates that a distinct 
set of MMPs is expressed in the myocardium of 
patients with failing hearts. Tissue inhibitors of 
matrix metalloproteinases (TIMPs) are proteins 
that are produced in the local area and have the 
ability to bind to active MMPs, hence controlling 
the overall proteolytic activity15,41.

Angiotensin II can inhibit MMP, thus, along 
with aldosterone, playing a role in myocardial col-
lagen restructuring by preventing collagen break-
down and promoting production42-44. MMPs have 
been demonstrated45 to be efficacious in treating 
heart failure by targeting angiotensin. According 
to our observations, we did not see the expected 
increase in TIMP-1 levels when MMP-1 levels 
decreased among the patients in the heart failure 
group in our research. It is possible that since our 
patients were using angiotensin II inhibitors or 
receptor blockers and mineral corticosteroid re-
ceptor antagonists, these patients already had low 
MMP levels, which did not change the addition of 
SGLT-2 inhibitors to the treatment. Consequently, 
it seems that SGLT2 inhibitors do not exert their 
effects through MMPs.

Elevated concentrations of CRP were addition-
ally associated with an increased likelihood of hos-
pital readmission and mortality, suggesting that, 
notwithstanding other variables, it might serve as a 
dependable indicator of recovery and readmission in 
instances of heart failure46,47. The observed reduction 
in C-reactive protein values after administration with 
SGLT2 inhibitors might be ascribed to the medicines’ 
anti-inflammatory properties. The predictive signifi-
cance of NT-proBNP levels is substantial in patients 
with heart failure and a reduced ejection fraction48. 
The reduction in NT-proBNP levels found after ad-
ministering SGLT-2 inhibitors in our study may be 
seen as an additional beneficial outcome of these in-
hibitors in treating cardiac failure.

Limitations of the Study
The primary limitation of our study is the 

comparatively limited sample size. Despite the 
small sample size, statistically significant re-

sults were obtained. Another constraint of the 
study is the limited duration of the follow-up 
period. As a result of our nation’s health policy, 
the administration of SGLT-2 inhibitors is re-
stricted to diabetic patients. Consequently, only 
individuals with diabetic heart failure were in-
cluded in the research. 

Conclusions

The research found that when SGLT-2 inhibitor 
molecules were administered, the left ventricle 
and left atrium improved their systolic and dia-
stolic functions. Additionally, the study identi-
fied an association between these improvements 
and increased values of LVGLS, LAEF, left atrial 
contraction strain, and left atrial reservoir strain. 
Furthermore, considering the notable alterations 
in plasma asprosin levels, it is believed that SGLT-
2i molecules exert an influence on reactive oxy-
gen radicals by diminishing oxidative stress and 
enhancing energy metabolism. However, it is im-
portant to carry out a more comprehensive study 
to have a more comprehensive knowledge of the 
impacts of these medications.

Conflict of Interest 
The authors declare that they have no conflict of interest.

Ethics Approval  
The study commenced prospectively after obtaining approval 
from the Ethics Committee of Gaziantep University Faculty 
of Medicine Ethics Committee on March 9, 2022, under ref-
erence number 2021/353. 

Informed Consent
Informed consent was acquired from all patients.

Funding
All contributing authors declared that they received no finan-
cial support. This research received no specific grant from 
any funding agency in the public, commercial, or not-for-
profit sectors. 

Data Availability
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.



SGLT2 inhibitors effects on diabetic failing heart

4133

AI Disclosure 
No artificial intelligence (AI) assisted technologies such as 
Large Language Models (LLMs), chatbots or image genera-
tors were used at any stage of this research.

Authors’ Contributions
Savcılıoglu M.D. and Duzen V. methodology and conceptu-
alization, Tuluce S.Y. original draft preparation, S. Sucu M. 
biostatistics, software, Kaplan M. Altunbas G. and Vuruskan 
E., Savcılıoglu N. echocardiographic assessment, Taysi S. 
evaluation of blood tests, Tabur S. and Balcıoglu M. manage-
ment of the endocrine arm of research. All authors read and 
approved the final manuscript.

ORCID ID 
Mert Deniz Savcilioglu: 0000-0001-9783-173X
Irfan Veysel Duzen: 0000-0003-2312-4252
Selcen Yakar Tuluce: 0000-0002-9140-817X
Nil Savcilioglu: 0000-0002-3509-1868
Ertan Vuruskan: 0000-0001-6820-3582
Gokhan Altunbas: 0000-0002-0171-0464
Mehmet Kaplan: 0000-0001-7081-5799
Melis Baloğlu: 0000-0001-8719-6701
Suzan Tabur: 0000-0002-5936-288
Murat Sucu: 0000-0002-3695-5461
Seyithan Taysi: 0000-0003-1251-3148

References

  1)	 McDonagh TA, Metra M, Adamo M, Gardner 
RS, Baumbach A, Böhm M, Burri H, Butler J, 
Čelutkienė J, Chioncel O, Cleland JGF, Coats AJS, 
Crespo-Leiro MG, Farmakis D, Gilard M, Heymans 
S, Hoes AW, Jaarsma T, Jankowska EA, Lainscak 
M, Lam CSP, Lyon AR, McMurray JJV, Mebazaa 
A, Mindham R, Muneretto C, Francesco Piepoli 
M, Price S, Rosano GMC, Ruschitzka F, Kathrine 
Skibelund A; ESC Scientific Document Group. 2021 
ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure: Developed by the 
Task Force for the diagnosis and treatment of acute 
and chronic heart failure of the European Society 
of Cardiology (ESC) With the special contribution 
of the Heart Failure Association (HFA) of the ESC. 
Eur Heart J 2021; 42: 3599-3726. Erratum in: Eur 
Heart J 2021; 42: 4901.

  2)	 Heidenreich PA, Bozkurt B, Aguilar D, Allen 
LA, Byun JJ, Colvin MM, Deswal A, Drazner 
MH, Dunlay SM, Evers LR, Fang JC, Fedson 
SE, Fonarow GC, Hayek SS, Hernandez AF, 
Khazanie P, Kittleson MM, Lee CS, Link MS, 
Milano CA, Nnacheta LC, Sandhu AT, Stevenson 
LW, Vardeny O, Vest AR, Yancy CW. 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. J Am 
Coll Cardiol 2022; 79: e263-e421. Erratum in: J 
Am Coll Cardiol 2023; 81: 1551.

  3)	 Cavender MA, Steg PG, Smith SC Jr, Eagle 
K, Ohman EM, Goto S, Kuder J, Im K, Wilson 
PW, Bhatt DL; REACH Registry Investigators. 
Impact of diabetes mellitus on hospitalization for 
heart failure, cardiovascular events, and death: 
outcomes at 4 years from the Reduction of 
Atherothrombosis for Continued Health (REACH) 
Registry. Circulation 2015; 132: 923-931.

  4)	 Johansson I, Dahlström U, Edner M, Näsman P, 
Rydén L, Norhammar A. Prognostic implications 
of type 2 diabetes mellitus in ischemic and 
nonischemic heart failure. J Am Coll Cardiol 2016; 
68: 1404-1416.

  5)	 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki 
E, Hantel S, Mattheus M, Devins T, Johansen 
OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-
REG OUTCOME Investigators. Empagliflozin, 
Cardiovascular Outcomes, and Mortality in Type 2 
Diabetes. N Engl J Med 2015; 373: 2117-2128. 

  6)	 McMurray JJV, Solomon SD, Inzucchi SE, Køber 
L, Kosiborod MN, Martinez FA, Ponikowski P, 
Sabatine MS, Anand IS, Bělohlávek J, Böhm M, 
Chiang CE, Chopra VK, de Boer RA, Desai AS, 
Diez M, Drozdz J, Dukát A, Ge J, Howlett JG, 
Katova T, Kitakaze M, Ljungman CEA, Merkely 
B, Nicolau JC, O'Meara E, Petrie MC, Vinh PN, 
Schou M, Tereshchenko S, Verma S, Held C, 
DeMets DL, Docherty KF, Jhund PS, Bengtsson 
O, Sjöstrand M, Langkilde AM; DAPA-HF Trial 
Committees and Investigators. Dapagliflozin 
in Patients with Heart Failure and Reduced 
Ejection Fraction. N Engl J Med 2019; 381: 
1995-2008. 

  7)	 Rådholm K, Figtree G, Perkovic V, Solomon SD, 
Mahaffey KW, de Zeeuw D, Fulcher G, Barrett 
TD, Shaw W, Desai M, Matthews DR, Neal B. 
Canagliflozin and heart failure in type 2 diabetes 
mellitus: results from the CANVAS program. 
Circulation 2018; 138: 458-468.

  8)	 Chung CC, Lin YK, Chen YC, Kao YH, Yeh YH, 
Trang NN, Chen YJ. Empagliflozin suppressed 
cardiac fibrogenesis through sodium-hydrogen 
exchanger inhibition and modulation of the calcium 
homeostasis. Cardiovasc Diabetol 2023; 22: 27.

  9)	 Çavuşoğlu Y, Altay H, Cahn A, Celik A, Demir 
S, Kılıçaslan B, Nalbantgil S, Raz I, Temizhan A, 
Yıldırımtürk Ö, Yılmaz MB. Sodium glucose co-
transporter 2 inhibitors in heart failure therapy. Turk 
Kardiyol Dern Ars 2020; 48: 330-354. English.

10)	 van der Pol A, van Gilst WH, Voors AA, van der 
Meer P. Treating oxidative stress in heart failure: 
past, present and future. Eur J Heart Fail 2019; 21: 
425-435. 

11)	 Yuan M, Li W, Zhu Y, Yu B, Wu J. Asprosin: A Novel 
Player in Metabolic Diseases. Front Endocrinol 
(Lausanne) 2020; 11: 64. Accessed April 10, 2022. 

12)	 Keser MG, Ünüsan N. Asprosin ve Glikoz 
Metabolizması Üzerine Etkileri. Turk J Diab Obes 
2021; 5: 89-95. 



M.D. Savcılıoglu, I.V. Duzen, S.Y. Tuluce, N. Savcılıoglu, E. Vuruskan, et al

4134

13)	 Gao A, Li F, Zhou Q, Chen L. Sestrin2 as a 
potential therapeutic target for cardiovascular 
diseases. Pharmacol Res 2020; 159: 104990. 

14)	 Kobusiak-Prokopowicz M, Krzysztofik J, Kaaz K, 
Jolda-Mydlowska B, Mysiak A. MMP-2 and TIMP-2 
in Patients with Heart Failure and Chronic Kidney 
Disease. Open Med (Wars) 2018; 13: 237-246. 

15)	 Jordán A, Roldán V, García M, Monmeneu 
J, de Burgos FG, Lip GY, Marín F. Matrix 
metalloproteinase‐1 and its inhibitor, TIMP‐1, in 
systolic heart failure: relation to functional data 
and prognosis. J Intern Med 2007; 262: 385-392.

16)	 Carluccio E, Biagioli P, Mengoni A, Francesca 
Cerasa M, Lauciello R, Zuchi C, Bardelli G, Alunni 
G, Coiro S, Gronda EG, Ambrosio G. Left atrial 
reservoir function and outcome in heart failure 
with reduced ejection fraction: the importance of 
atrial strain by speckle tracking echocardiography. 
Circ Cardiovasc Imaging 2018; 11: e007696.

17)	 Park JJ, Park JB, Park JH, Cho GY. Global 
Longitudinal Strain to Predict Mortality in Patients 
With Acute Heart Failure. J Am Coll Cardiol 2018; 
71: 1947-1957.

18)	 Sengeløv M, Jørgensen PG, Jensen JS, Bruun 
NE, Olsen FJ, Fritz-Hansen T, Nochioka K, 
Biering-Sørensen T. Global Longitudinal Strain 
Is a Superior Predictor of All-Cause Mortality in 
Heart Failure With Reduced Ejection Fraction. 
JACC Cardiovasc Imaging 2015; 8: 1351-1359.

19)	 Jia F, Chen A, Zhang D, Fang L, Chen W. 
Prognostic value of left atrial strain in heart failure: 
a systematic review and meta-analysis. Front 
Cardiovasc Med 2022; 9: 935103.

20)	 Lang RM, Bierig M, Devereux RB, Flachskampf 
FA, Foster E, Pellikka PA, Picard MH, Roman MJ, 
Seward J, Shanewise J, Solomon S, Spencer KT, 
St John Sutton M, Stewart W; American Society of 
Echocardiography's Nomenclature and Standards 
Committee; Task Force on Chamber Quantification; 
American College of Cardiology Echocardiography 
Committee; American Heart Association; European 
Association of Echocardiography, European Society 
of Cardiology. Recommendations for chamber 
quantification. Eur J Echocardiogr 2006; 7: 79-108.

21)	 Klaeboe LG, Edvardsen T. Echocardiographic 
assessment of left ventricular systolic function. J 
Echocardiogr 2019; 17: 10-16.

22)	 Saraiva RM, Demirkol S, Buakhamsri A, 
Greenberg N, Popović ZB, Thomas JD, Klein AL. 
Left atrial strain measured by two-dimensional 
speckle tracking represents a new tool to evaluate 
left atrial function. J Am Soc Echocardiogr 2010; 
23: 172-180.

23)	 Buggey J, Hoit BD. Left atrial strain: measurement 
and clinical application. Curr Opin Cardiol 2018; 
33: 479-485.

24)	 Sun BJ, Park JH. Echocardiographic Measurement 
of Left Atrial Strain- A Key Requirement in Clinical 
Practice. Circ J 2021; 86: 6-13.

25)	 Badano LP, Kolias TJ, Muraru D, Abraham TP, 
Aurigemma G, Edvardsen T, D'Hooge J, Donal 

E, Fraser AG, Marwick T, Mertens L, Popescu 
BA, Sengupta PP, Lancellotti P, Thomas JD, Voigt 
JU; Industry representatives; Reviewers: This 
document was reviewed by members of the 2016–
2018 EACVI Scientific Documents Committee. 
Standardization of left atrial, right ventricular, 
and right atrial deformation imaging using two-
dimensional speckle tracking echocardiography: a 
consensus document of the EACVI/ASE/Industry 
Task Force to standardize deformation imaging. 
Eur Heart J Cardiovasc Imaging 2018; 19: 591-600. 
Erratum in: Eur Heart J Cardiovasc Imaging 2018; 
19: 830-833. 

26)	 Potter E, Marwick TH. Assessment of left 
ventricular function by echocardiography: the 
case for routinely adding global longitudinal strain 
to ejection fraction. JACC Cardiovasc Imaging 
2018; 11: 260-274.

27)	 Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, 
Böhm M, Brunner-La Rocca HP, Choi DJ, Chopra V, 
Chuquiure-Valenzuela E, Giannetti N, Gomez-Mesa 
JE, Janssens S, Januzzi JL, Gonzalez-Juanatey 
JR, Merkely B, Nicholls SJ, Perrone SV, Piña IL, 
Ponikowski P, Senni M, Sim D, Spinar J, Squire I, 
Taddei S, Tsutsui H, Verma S, Vinereanu D, Zhang 
J, Carson P, Lam CSP, Marx N, Zeller C, Sattar N, 
Jamal W, Schnaidt S, Schnee JM, Brueckmann 
M, Pocock SJ, Zannad F, Packer M; EMPEROR-
Preserved Trial Investigators. Empagliflozin in Heart 
Failure with a Preserved Ejection Fraction. N Engl J 
Med 2021; 385: 1451-1461. 

28)	 Butler J, Packer M, Filippatos G, Ferreira JP, 
Zeller C, Schnee J, Brueckmann M, Pocock SJ, 
Zannad F, Anker SD. Effect of empagliflozin in 
patients with heart failure across the spectrum of 
left ventricular ejection fraction. Eur Heart J 2022; 
43: 416-426.

29)	 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki 
E, Hantel S, Mattheus M, Devins T, Johansen 
OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-
REG OUTCOME Investigators. Empagliflozin, 
Cardiovascular Outcomes, and Mortality in Type 2 
Diabetes. N Engl J Med 2015; 373: 2117-2128. 

30)	 Setouhi A, Radi A, Asklany HT, Farrag HM. 
Assessment of cardiac functions using two-
dimensional transthoracic and speckle tracking 
echocardiography after treatment with SGLT2 
inhibitors in Patients with HFrEF. EHJ-S 2023; 25: 
F1-F1.

31)	 Chimed S, Stassen J, Galloo X, Meucci MC, Knuuti 
J, Delgado V, van der Bijl P, Ajmone Marsan N, 
Bax JJ. Prognostic Relevance of Left Ventricular 
Global Longitudinal Strain in Patients With Heart 
Failure and Reduced Ejection Fraction. Am J 
Cardiol 2023; 202: 30-40.

32)	 Ersbøll M, Andersen MJ, Valeur N, Mogensen 
UM, Waziri H, Møller JE, Hassager C, Søgaard P, 
Køber L. The prognostic value of left atrial peak 
reservoir strain in acute myocardial infarction is 
dependent on left ventricular longitudinal function 
and left atrial size. Circ Cardiovasc Imaging 2013; 
6: 26-33.



SGLT2 inhibitors effects on diabetic failing heart

4135

33)	 Carpenito M, Fanti D, Mega S, Benfari G, Bono 
MC, Rossi A, Ribichini FL, Grigioni F. The 
Central Role of Left Atrium in Heart Failure. Front 
Cardiovasc Med 2021; 8: 704762.

34)	 Inciardi RM, Claggett B, Minamisawa M, Shin SH, 
Selvaraj S, Gonçalves A, Wang W, Kitzman D, 
Matsushita K, Prasad NG, Su J, Skali H, Shah AM, 
Chen LY, Solomon SD. Association of Left Atrial 
Structure and Function With Heart Failure in Older 
Adults. J Am Coll Cardiol 2022; 79: 1549-1561.

35)	 Bo K, Gao Y, Zhou Z, Gao X, Liu T, Zhang H, Li 
Q, Wang H, Xu L. Incremental prognostic value of 
left atrial strain in patients with heart failure. ESC 
Heart Fail 2022; 9: 3942-3953. 

36)	 Lahnwong S, Chattipakorn SC, Chattipakorn N. 
Potential mechanisms responsible for cardioprotective 
effects of sodium–glucose co-transporter 2 inhibitors. 
Cardiovasc Diabetol 2018; 17: 1-17.

37)	 Gager GM, von Lewinski D, Sourij H, Jilma B, 
Eyileten C, Filipiak K, Hülsmann M, Kubica J, 
Postula M, Siller-Matula JM. Effects of SGLT2 
Inhibitors on Ion Homeostasis and Oxidative 
Stress associated Mechanisms in Heart Failure. 
Biomed Pharmacother 2021; 143: 112169.

38)	 Zhang Z, Tan Y, Zhu L, Zhang B, Feng P, Gao E, 
Xu C, Wang X, Yi W, Sun Y. Asprosin improves the 
survival of mesenchymal stromal cells in myocardial 
infarction by inhibiting apoptosis via the activated 
ERK1/2-SOD2 pathway. Life Sci 2019; 231: 116554.

39)	 Wen MS, Wang CY, Yeh JK, Chen CC, Tsai ML, 
Ho MY, Hung KC, Hsieh IC. The role of Asprosin 
in patients with dilated cardiomyopathy. BMC 
Cardiovasc Disord 2020; 20: 402.

40)	 Farrag M, Ait Eldjoudi D, González-Rodríguez M, 
Cordero-Barreal A, Ruiz-Fernández C, Capuozzo 
M, González-Gay MA, Mera A, Lago F, Soffar A, 
Essawy A, Pino J, Farrag Y, Gualillo O. Asprosin 
in health and disease, a new glucose sensor with 
central and peripheral metabolic effects. Front 
Endocrinol (Lausanne) 2023; 13: 1101091.

41)	 Spinale FG. Matrix metalloproteinases: regulation 
and dysregulation in the failing heart. Circ Res 
2002; 90: 520-530.

42)	 Wilke A, Funck R, Rupp H, Brilla CG. Effect of 
the renin-angiotensinaldosterone system on the 
cardiac interstium in heart failure. Basic Res 
Cardiol 1996; 91: 79-84.

43)	 Polyakova V, Hein S, Kostin S, Ziegelhoeffer T, 
Schaper J. Matrix metalloproteinases and their 
tissue inhibitors in pressure-overloaded human 
myocardium during heart failure progression. J 
Am Coll Cardiol 2004; 44: 1609-1618.

44)	 Öztürk ÖG. Matriks Metalloproteinaz Enzim Ailesi. 
AKTD 2013; 22: 209-220. Available at: https://
dergipark.org.tr/tr/pub/aktd/issue/2208/29367.

45)	 Reinhardt D, Sigusch H, Henβe J, Tyagi S, 
Körfer R, Figulla H. Cardiac remodelling in 
end stage heart failure: upregulation of matrix 
metalloproteinase (MMP) irrespective of the 
underlying disease, and evidence for a direct 
inhibitory effect of ACE inhibitors on MMP. 
Heart 2002; 88: 525-530.

46)	 Alonso-Martínez JL, Llorente-Diez B, Echegaray-
Agara M, Olaz-Preciado F, Urbieta-Echezarreta 
M, González-Arencibia C. C-reactive protein as 
a predictor of improvement and readmission in 
heart failure. Eur J Heart Fail 2002; 4: 331-336. 

47)	 Anand IS, Latini R, Florea VG, Kuskowski MA, 
Rector T, Masson S, Signorini S, Mocarelli 
P, Hester A, Glazer R, Cohn JN; Val-HeFT 
Investigators. C-reactive protein in heart failure: 
prognostic value and the effect of valsartan. 
Circulation 2005; 112: 1428-1434.

48)	 Januzzi JL Jr, Zannad F, Anker SD, Butler J, 
Filippatos G, Pocock SJ, Ferreira JP, Sattar N, 
Verma S, Vedin O, Schnee J, Iwata T, Cotton D, 
Packer M; EMPEROR-Reduced Trial Committees 
and Investigators. Prognostic Importance of 
NT-proBNP and Effect of Empagliflozin in the 
EMPEROR-Reduced Trial. J Am Coll Cardiol 
2021; 78: 1321-1332. 

https://dergipark.org.tr/tr/pub/aktd/issue/2208/29367
https://dergipark.org.tr/tr/pub/aktd/issue/2208/29367

