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Abstract
INTRODUCTION: The sodium-glucose cotransporter-2 inhibitor (SGLT-2 inhibitor) is a diabetic medication. 
Recently, there has been enough evidence of SGLT-2 inhibitors in type 2 diabetes mellitus, driving in an abatement 
in cardiovascular breakdown hospitalization. To explore SGLT-2 inhibitor in cardiovascular breakdown with lower 
discharge portion, we led an orderly survey and meta-examination.

STRATEGIES: We played out a methodical writing search from various electronic databases. We used keywords: 
“SGLT-2 inhibitor”’ and “heart failure (HF).” Inclusion criteria are randomized placebo-controlled trial, 1-year follow-up, 
and ejection fraction 40% or less. Composite endpoint is cardiovascular mortality with hospitalization of HF. Individual 
outcomes include all-cause mortality, cardiovascular passing, and cardiovascular breakdown hospitalization. For low 
heterogeneity scores, results are introduced utilizing a danger proportion relative risk (RR) with a 95 percent certainty 
stretch and statistical analysis using a fixed-effect model.

RESULTS: Total of two randomized control trial was selected (Dapagliflozin and Prevention of Adverse Outcomes 
in HF [Dapagliflozin] and EMPEROR-Reduced [Empagliflozin]) with 8474 patients pooled within our analysis. The 
results of the composite outcome compared SGLT-2 inhibitor with placebo had significant decrease in the composite 
of cardiovascular passing with hospitalization of cardiovascular breakdown (RR = 0.78 [95% CI, 0.71–0.84], p 
< 0.00001; I2 = 0%). Result of individual outcome showed significant reduction of all-cause mortality (RR = 0.88 [95% 
CI, 0.79–0.98], p = 0.03; I2 = 1%), cardiovascular mortality (RR = 0.87 [95% CI, 0.77–0.99], p = 0.03; I2 = 0%) and 
hospitalization of HF (RR = 0.72 [95% CI, 0.65–0.81], p < 0.00001; I2 = 0%).

CONCLUSION: Within 1 year of treatment with an SGLT-2 inhibitor, the composite of cardiovascular passing 
with cardiovascular breakdown hospitalization, all-cause mortality, cardiovascular mortality, and cardiovascular 
breakdown hospitalization was significantly reduced.
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Introduction

Sodium-glucose transport–2 (SGLT-2 
inhibitor) in type 2 diabetes mellitus has shown 
huge decrease in hospitalization of cardiovascular 
breakdown [1], [2], [3]. Recently, there have been 
clinical preliminaries to assess SGLT-2 inhibitor in 
cardiovascular breakdown with diminished launch 
part. There are two clinical preliminaries that can give 
sufficient information to perform further examination, 
Dapagliflozin and Prevention of Adverse Outcomes 
in Heart Failure [DAPA-HF] and EMPEROR-Reduced 
preliminary [4], [5].

DAPA-HF trial is a study to assess the impact of 
dapagliflozin in ongoing cardiovascular breakdown with 
diminished launch division with EMPEROR-Reduced is 
a study to evaluate effect of empaglifozins [4], [5]. Both 
articles showed significant reduction in both composite 

and individual outcome. Composite outcome is 
composite of cardiovascular mortality and hospitalization 
of HF, meanwhile, individual outcomes are all-cause 
mortality, cardiovascular mortality, and hospitalization 
of HF.

DAPA-HF and EMPEROR-Reduced are 
the main preliminaries to indicate the task of SGLT-2 
inhibitor in suggestive cardiovascular breakdown with 
diminished launch division HF with reduced ejection 
fraction (HFrEF). Unfortunatenly, both clinical trials 
did not show any data about natriuretic peptide and 
echocardiography. Utilizing information from DAPA-HF 
and EMPEROR-Reduced, we performed meta-
examination to appraise impact of SGLT-2 inhibitor 
with dapaglifozins and empaglifozin in composite 
of cardiovascular mortality and hospitalization of 
cardiovascular breakdown, all-cause mortality, 
cardiovascular mortality, and hospitalization 
of cardiovascular breakdown [4], [5].
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Methods

Data search

We performed deliberate audit and meta-
investigation utilizing proposals from Cochrane 
also the Preferred Reporting Item for Systematic 
Reviews and Meta-assessment (PRISMA) rules. We 
performed deliberate literature search from various 
electronic databases. Data search was performed 
from August 1, 2021 to August 19, 2021. We included 
free-cost electronic databases such as PubMed, 
ResearchGate, Cochrane, Clinicaltrial.gov, and Science 
Direct. We used keywords “SGLT-2 Inhibitor” and “HF” 
in order to search literature in electronic databases.

Selection criteria

We included determination models that met 
our choice measures: (1) randomized controlled 
trials preliminaries (RCTs), (2) placebo-controlled 
trial performed as comparison, (3) 1-year clinical and 
cardiovascular outcome, (4) all the patients have left 
ventricular ejection fraction (LVEF) <40%, (5) patient 
with or without diabetes, (6) announcing clinical 
and cardiovascular results, for example, composite 
of cardiovascular mortality with hospitalization of 
cardiovascular breakdown, all-cause mortality, 
cardiovascular mortality and hospitalization of 
cardiovascular breakdown. Exclusion criteria for our 
research are (1) non RCT, (for example casecontrol, 
review associate, imminent partner, clear review, 
etc.) (2) overlapping patient population, (3) placebo-
controlled trial is not performed, (4) with cross-over 
design, (5) clinical and cardiovascular outcome is not 
measured within 1-year therapy, (6) study included 
cardiovascular breakdown with saved discharge portion 
LVEF >50%.

Outcome definition

There are four major cardiovascular outcomes 
mentioned in our research composite of cardiovascular 
mortality with hospitalization of cardiovascular 
breakdown, all-cause mortality, cardiovascular mortality, 
and hospitalization of cardiovascular breakdown. 
Both trials have the same definition of cardiovascular 
outcome.

All-cause mortality is described as non-
cardiovascular death and is defined as passing 
because of pneumonic distress; demise because of 
renal distress; demise because of gastrointestinal 
reason; demise due to hepatobiliary illness; demise 
because of disease (including sepsis); demise due 
to inflammatory (for example: Systemic Inflammatory 
Response Syndrome/Immune (including autoimmune)); 
hemorrhages from either cardiovascular bleeding 

or stroke; death from non-cardiovascular method or 
medical procedure; passing because of injury, demise 
due to self-destruction; passing because of medication 
glut; passing because of neurological reason; and 
passing because of danger and other.

Cardiovascular mortality is portrayed as follows: 
passing because of myocardial localized necrosis; 
abrupt cardiovascular demise and passing because 
of cardiovascular breakdown and cardiogenic shock; 
passing because of stroke, demise due to cardiovascular 
strategy; passing due to cardiovascular hemorrhage; 
and passing because of other cardiovascular reason 
(for example aspiratory embolism or fringe course 
illness).

Hospitalization of HF is described as follows: 
patient is admitted with primary diagnosis of HF; 
length of stay in hospital for at least 24 h; recorded 
new or deteriorating side effects of cardiovascular 
breakdown somewhere around one (dyspnea, decline 
exercise resilience, weariness, different manifestations 
of end-organ perfusion or volume over-burden); 
achieved something such as two actual assessment 
discoveries, including: peripheral edema, abdominal 
distension, S3 gallops, rapid weight gain related to 
fluid retention, documented at least laboratory criteria, 
such as increased level of B-type natriuretic peptide 
(BNP)/N-terminal great for BNP (NT-proBNP) (like BNP 
>500 pg/ml or NT-proBNP >2.000 pg/ml); radiological 
evidence of aspiratory blockage; non-intrusive 
symptomatic clinically critical raised degree of left or 
right-sided ventricular filling pressure and obtrusive 
indicative proof with right heart catheterization showing 
pneumonic slim wedge pressure I >18 mmHg; and focal 
venous tension >12 mmHg or cardiovascular record 
<2.2 L/min/m. Composite of cardiovascular mortality 
and hospitalization of cardiovascular breakdown is 
defined as composite of patient which has both events 
(cardiovascular mortality and hospitalization of HF) as 
previously described.

Data analysis

Two authors (A.B., A.S.) independently 
extracted data from electronic databases. 
Disagreements were resolved by consensus of three 
authors (A.B., A.A.). Treatment effect for binary 
endpoint was using relative risk (RR) with 95% 
confidence intervals. Heterogeneity was assessed 
with Cochran Q test and I2 estimation, with I2 >25% 
were considered tremendous for homogeneity. We 
used a fixed-sway model for endpoints with I2 <25% 
(low heterogeneity/homogeneity). For results with high 
heterogeneity, DerSimonian and Laird subjective effect 
model were used. Mantel–Haenszel statistic was used 
in comparing between groups due to dichotomous data 
type. We performed statistical analysis using software 
Revman 5.5. (Nordic Cochrane focus, The Cochrane 
Collaboration, Copenhagen, Denmark).
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Results

The characteristic of both DAPA-HF and 
EMPEROR-Reduced trial is RCT, LVEF <40%, with or 
without diabetes, placebo-controlled trial as comparison.

Search result

Database search was performed from August 1, 
2021 to August 19, 2021 and found 954 articles in five 
databases (PubMed [n = 54], Cochrane [n = 61], Science 
Direct [n = 659], ResearchGate [n = 100], Clinicaltrial.
gov [n = 80]). We removed duplicate articles (n = 53). We 
also removed articles with no full-text (n = 99). All full text 
articles were further analyzed (n = 802). We excluded full 
text articles for: non-relevance (n = 357), book chapter 
(n = 23), guideline (n = 19), study protocol (n = 3), 
editorial (n = 60), observational study including case-
control, prospective cohort, retrospective cohort (n= 44) 
case report and case series (n = 14). There are only two 
articles included in our research. Systematic literature 
search is compiled in a PRISMA diagram in Figure 1.

 Outcome result

We pooled about 8474 patients in two trials. 
Primary outcome is composite of cardiovascular demise 
and hospitalization of cardiovascular breakdown. In 
the interim, our optional result is all-cause mortality, 
cardiovascular mortality and hospitalization of 
cardiovascular breakdown. Our exploration showed 
huge decrease in all results contrasted and fake 
treatment within 1-year drug therapy. As shown in Figure 
2, our primary outcome is composite of cardiovascular 
mortality with hospitalization of HF which showed 
significant reduction (RR = 0.78 [0.71–0.84], p < 
0.00001, I2 = 0%). Our secondary outcome is all-cause 
mortality which showed significant reduction (RR = 0.88 
[0.79–0.98], p < 0.03, I2 = 1%), cardiovascular mortality 
showed significant reduction (RR = 0.87 [0.77–0.99], p 
< 0.03, I2 = 1%) and hospitalization of HF (RR = 0.72 
[0.65–0.81], p < 0.00001, I2 = 0%).

Discussion

The DAPA-HF and EMPEROR-Reduced 
preliminaries included patients with and without 
diabetes who had already been diagnosed with HFrEF 
and were receiving appropriate HF treatment as a 
result of those findings being expanded to include these 
patients [4], [5]. There was overlap and complementarity 
in the patient populations in the two trials, representing 
the wide range of HFrEF patients encountered in clinical 
practice. This meta-analysis shows how empagliflozin 
and dapagliflozin in individuals with HFrEF have the 
same cardiovascular benefits in both trials [4], [5].

Mechanism of SGLT-2 inhibitor in HF remains 
unclear. Hypertension is a preventable risk factor 
of HF. SGLT-2 inhibitor showed reduction of blood 
pressure and some beneficial effect of SGLT-2 inhibitor 
identified with this pulse worked on heart vivacious with 
SGLT-2 inhibitor bringing down impact [6]. Though the 
exact mechanism of SGLT-2 inhibition lowering effect 
remains unclear, they are presumably intervened by 
osmotic and diuretic effect of SGLT-2 inhibitor. SGLT- 2 
inhibitor can result in 30% - 60% increase in urinary 
sodium excretion [7]. Antihypertensive effect of SGLT- 2 
inhibitor is more prominent than thiazide diuretic 
when used in combination with b-blocker or calcium 
antagonist [8]. For low blood pressure effect, SGLT-2 
inhibitor may also promote natriuresis and may bring 
down heart afterload, with resultant improvement in 
cardiovascular viability and ventricular vein coupling 
and glucosuria. EMPA-REG OUTCOME trial showed 
increase of hematocrit value in empaglifozins group both 
in empaglifozin 10 mg (4.8 ± 5.5%) and empaglifozins 
25 mg (5.0 ± 5.3%) compared with placebo group 

Figure 1: Preferred Reporting Item for Systematic Reviews and Meta-
assessment flow chart
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(0.9 ± 4.7%). Hemoconcentration is suspected 
due to the secondary effect of SGLT-2 inhibitor in 
volume withdrawal; this accounted for around half of 
cardiovascular advantage [3].

SGLT-2 inhibitor improves cardiac energy 
metabolism. HF progress is correlated with mitochondrial 
oxidative digestion and the heart becomes more reliant 
on glycolysis as a wellspring of energy [9]. Mitochondria 
glucose oxidation decrease in HF leads to decrease in 
energy production and heart starvation [10]. SGLT- 2 
inhibitors can increase circulating ketone levels, which 
are then used by the liver for ketogenesis [11], [12]. 
Ketone levels have been proposed to work on heart 
vivacious and cardiovascular proficiency [12], [13]. 
HF is an energy-starved condition, due to increase 
of mitochondrial oxidative metabolism [9]. Increasing 
ketone levels in blood due to SGLT-2 inhibitor can 
increment cardiovascular ketone oxidation rate and 
consequently further develop supply of energy to 
the heart [14]. Ketone implantation into patient with 
cardiovascular breakdown is likewise connected 
with progress of in contractile execution [15]. High 
level of ketone may increase the risk of renal failure. 
CREDENCE trial was performed who stated that usage 

of SGLT-2 inhibitor in type 2 diabetes mellitus and 
nephropathy significantly reduces risk of end-stage 
renal disease (HR = 0.68 [0.54–0.86], p = 0.002) and 
doubling of creatinine serum (HR = 0.60 [0.48–0.76] 
p < 0.001) within 2.62-years of drug therapy [16].

SGLT-2 inhibitor also plays a strategic role in 
reducing inflammation. Inflammation is one of the many 
contributors to the severity of HF and pro-inflammatory 
biomarkers are raised in tolerance with cardiovascular 
breakdown and associate with the seriousness of the 
illness [17], [18]. SGLT-2 inhibitor has been shown 
to diminish the inflammatory process in patients with 
type 2 diabetes mellitus [19], [20]. SGLT-2 inhibitors 
also suppressing collagen synthesis in diabetic rat 
heart [21]. SGLT-2 inhibitor also played an important 
role in reducing ischemia/reperfusion injury. An in 
vivo study stated that there was significant reduction 
of ischemic in both diabetic (55 ± 0.7%–27 ± 3%, p 
= 0.001) and non-diabetic rat (37 ± 3%–20 ± 2%, p = 
0.001) [22]. SGLT-2 inhibitor reduces the role of Na+/
H+ exchanger which can lower myocardial intracellular 
Na+ levels. In vivo study stated that empaglifozin 
significantly reduces both intracellular Na+ (p < 0.005) 
and intracellular Ca+ (p < 0.005) in rat and rabbit heart. 

Figure 2: Result of meta-analysis in sodium-glucose cotransporter-2 inhibitor in cardiovascular breakdown with decreased discharge division 
inside Dapagliflozin and Prevention of Adverse Outcomes in heart failure and EMPEROR-Reduced preliminary, (a) composite of cardiovascular 
demise and hospitalization of cardiovascular breakdown, (b) all-cause mortality, (c) cardiovascular mortality and (d) hospitalization of 
cardiovascular breakdown

d

b

a

c
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Hyperuricemia is a risk factor of HF [23]. SGLT-2 
inhibitor can slightly decrease uric acid level in urine. 
This result might be ascribed to expanding of glycosuria 
in proximal tubules because of SGLT-2 inhibitor which 
can animate discharge of uric acid in urine [24].

REFORM trial is a placebo-controlled 
prospective cohort trial to evaluate left ventricular 
remodeling of dapagliflozin in type 2 diabetes 
mellitus for 12 months. Evaluation is performed using 
cardiac Magnetic resonance imaging (MRI) and 
echocardiography. Trial stated no significant change 
in left ventricular end-systolic volume (p = 0.594), left 
ventricular end-diastolic volume (p = 0.495), and left 
ventricular launch division (p = 0.732). However, there 
is significant increase of hematocrit (p = 0.005) and 
hemoglobin (p = 0.002) level, also reduction of diastolic 
blood pressure (p = 0.001) and use of loop diuretic drug 
(p < 0.001) [25]. DAPA-left ventricular hypertrophy (LVH) 
trial is a fake treatment controlled clinical preliminary to 
assess job of dapaglifozins in LVH with type 2 diabetes 
mellitus. Evaluation is also performed using cardiac 
MRI, one of many examinations for measurement of 
cardiac mass. Trial stated no significant reduction of left 
ventricular mass (p = 0.383) [26].

Our meta-analysis provides solid evidence that 
empagliflozin or dapagliflozin assumes a significant part 
in decreasing cardiovascular breakdown hospitalizations 
in patients with HFrEF, and that these medications 
likewise lessen all-cause and cardiovascular mortality. 
Our meta-analysis confirms this important role.

Conclusion

Our finding in this meta-analysis shows a 
significant reduction both in primary and secondary 
outcome. There is a significant 22% decrease of 
composite of cardiovascular mortality and hospitalization 
of cardiovascular breakdown, 12% significant reduction 
of all-cause mortality, 13% significant reduction of 
cardiovascular mortality and 28% significant reduction 
of hospitalization of HF.
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