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Abstract   

Diabetes mellitus management is becoming increasingly complicated due to the increased 

risk of cardiovascular diseases such as heart failure, myocardial infarction and high 

incidence of left ventricular diastolic dysfunction, especially with type 2 diabetes mellitus. 

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are a new drug class for the 

management of diabetes mellitus with a suitable hypoglycemic effect. There are numerous  

clinical evidence that’s shown SGLT2 inhibitors can significantly minimize the risks of 

atherosclerosis (so it is considered a second line after metformin), hospitalization for heart 

failure, cardiovascular death and slow the progression of chronic kidney disease. Therefore, 

it’s regarded important for cardiologists, diabetes mellitus patients, and nephrologists to 

entirely understand this class of drugs. This review will summarize the following aspects of 

SGLT2 inhibitors: the recent clinical evidence of their cardiovascular benefits and cardiac 

effect, mechanisms of action, and its safety.    
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Introduction   

Worldwide, morbidity of diabetes mellitus has increased in recent years. The latest reviews 

from the International Diabetes Federation (IDF) point that by 2045 the number of patients 

with diabetes mellitus will be 700.2 million (1). This progression in numbers attributed to 

several factors such as the ageing of the population, decreases physical activity, and rapid 

urbanization, which result in obesity. Type 2 diabetes is considered as a major risk factor for 

cardiovascular diseases such as myocardial infarction and heart failure, and it is the leading 

cause of death in patients with type 2 diabetes mellitus. There are several drug classes have 

demonstrated a significant reduction in adverse cardiovascular events (MACE) such as   

Sodium glucose cotransporter 2 (SGLT2) inhibitors (dapagliflozin, canagliflozin, 

empagliflozin). SGLT2 inhibitors are glucose-lowering agents that work on proximal 

convoluted tubule in the kidney by block sodium-dependent glucose transporter-2 (SGLT2) 

and lead to increase urinary glucose excretion(glycosuria) and decrease the concentration of 

blood glucose(2). This effect leads to decrease body weight, osmotic diuresis (increase 

urination) and hypotensive effects (2).    

 In large clinical trials (EMPA-REG OUTCOME, CANVAS Program and DECLARE-TIMI 

58) SGLT2 inhibitors, which include improving long-term clinical outcomes, including all 

cause of mortality, and heart failure hospitalization in T2DM by play a key role in the 

improvement of cardiac function in diabetic cardiomyopathy.    

Meta-analysis also showed the clinical benefits of SGLT2 inhibitors in reducing the risk of 

stroke, myocardial infarction (MI), and cardiovascular death in patients with atherosclerotic 

cardiovascular disease (it is considered the second line after metformin in those patients). 

Recently, DAPA-HF reported that dapagliflozin improved cardiovascular outcomes among 

patients with heart failure with reduced ejection fraction regardless of diabetic status (20). 

We will discuss the effect of SGLT2 inhibitors on cardiac function in clinical studies and the 

underlying mechanisms contributing to cardio protection (3).   
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 Cardiac effects and cardiovascular outcomes of SGLT2 inhibitors   
 

There are many influential research describe the cardiovascular outcomes of Sodium-glucose 

cotransporter 2 inhibitors, namely Canagliflozin Cardiovascular Assessment Study software 

(CANVAS), Empagliflozin Cardiovascular   

Outcome Trial in Diabetes Mellitus type 2 Patients-Removing Excess Glucose (EMPA-REG   

OUTCOME) trial and Dapagliflozin Effect on Cardiovascular Events–Thrombolysis in 

Myocardial Infarction (DECLARE-TIMI) trial (4) (5) (6). These studies investigated the 

effect of SGLT2 inhibitors in patients with type two diabetes (T2D) with cardiovascular 

sickness or excessive cardiovascular risk. SGLT2 inhibitors decreased predominant poor 

cardiovascular activities in T2D with an immoderate threat of cardiovascular sickness. In 

addition, SGLT2 inhibitors reduced all-cause mortality in T2D and had effect on 

cardiovascular dying hazard (RR: 0.81; 95% CI (0.63, 1.05); P = 0.116).    

Advantages of the Sodium-glucose cotransporter-2 inhibitors on cardiovascular death are not 

the identical. For example, Englitazone can diminish the risk of cardiovascular death and 

allcause mortality. Recent studies have shown that the risk of CVD events was decreased by 

11% in type 2 diabetes when patients use dapagliflozin, canagliflozin and empagliflozin. 

These category of drugs also limits the risk of hospitalization for heart failure (21) and 

decreased Myocardial infarction risk (23).    

Other studies have shown that SGLT2 inhibitors are superior to other glucose lowering 

agents (such as insulin, metformin, sulfonylurea, DPP-4i, alpha glucosidase inhibitor and 

thiazolidinedione) in decreasing the incidence of heart failure hospitalization and all-cause 

death (8). It has also been demonstrated that SGLT2 inhibitors reduce the incidence of 

cardiovascular death, cerebral infarction, myocardial infarction and heart failure    
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Table1  

Study title  Study type Number  

of 

patient  

Follow 

up   

Study 

population  

Primary 

outcom  

  

GAR_APME  

CMOCPA  

RCT  

1:1:1  

Empagliflozine  

10 mg vs  

Empaglioflozine 

25 mg vs 

blacebo  

7028  3.1   Type 2 
Dm   
 

 CV 
Diseas 

 

 BMI 
more 
than 45  

Decrease MI 

CV death in 

empagliflozin 

vs placebo 

(HR 0.86, 

95% CI 0.74 

to 0.99)  

  

CANVAS  

trial  

CT                        

1:1:1  

Canagliflozin 

300 mg vs 

canagliflozin 

100 mg vs 

placebo  

 10142  2.4  Patients with:  

Type 2 
diabetes 
mellitus  

  

High CV risk  

Reduction CV 
death, non-
fatal 
myocardial 
infarction or 
stroke (HR 
0.86, 95% CI  

0.75 to 0.87)  

  

DECLARE- 

TIMI 58  

RCT  

Dapagliflozin  

10 mg vs placebo  

17160  4.2  Patients with:  

Type 2 

diabetes 

mellitus  

Established  

CV disease or 

multiple risk 

factors  

Reduction CV 

death, non-

fatal 

myocardial 

infarction or 

stroke (HR  

0.93, 95% CI  

0.84 to 1.03)  
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VERTIS  

CV trial  

RCT  

1:1:1  

Ertugliflozin 

5 mg vs 

ertugliflozin 

15 mg vs placebo  

8246  3.5  Patients with:  

Type 2 
diabetes 
mellitus  

  

Established  

CV disease  

CV death, 
non-fatal MI 
or stroke (HR 
0.97, 95% CI  

0.85 to 1.11  

 

  

Summary of large clinical trials of the SGLT2-inhibitor class 

 
 

Mechanisms of cardiovascular benefits    

1. Reduce vessels stiffness and blood pressure    

Increase vessels stiffness lead to increase cardiovascular mortality and heart failure. Forty 

percent of patients with Type 2 diabetes mellitus are diagnosed with hypertension. Type 2 

DM patients with arterial stiffness have a high incidence of hypertension due to activation of 

renin-angiotensin-aldosterone system and decrease the level in nitric oxide. However, 

empagliflozin has been shown to improve vascular resistance and decrease arterial stiffness. 

This has a positive effect on the metabolism of myocardial muscle and calcium Overload 

(23).  According to recent studies, empagliflozin also reduces the stiffness of the artery by 

decrease systolic blood pressure after 8 week of treatment (23). In the sympathetic nervous 

system, the flow of renal blood and the angiotensin system all play a role in the reabsorption 

of sodium in the proximal convoluted tubule. SGLT2 inhibitors and in response to volume 

contractions, increase the level of aldosterone and angiotensin II and reducing blood pressure 

by direct vascular effect (12).In summary, SGLT2  inhibitors can reduce arterial stiffness by 
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vascular smooth muscle relaxation mainly because of the negative sodium balance and 

diuretic effect.    

2. Changes in energy metabolism   

It's the most beneficial and vital mechanisms that occur by simulating fatty acids' oxidation   

(9). Dapagliflozin increases the oxidation of glucose and fat 20% and 14%, respectively   

(10). It has also been suggested that S GLT2 inhibitors-induced cardio protection in Type 2 

DM patients could be, at least in part, due to enhancing cardiac energy production via 

increasing ketone bodies production (24). Some clinical studies have shown that 

canagliflozin can increase plasma β-hydroxybutyrate, increase cardiac efficiency by 24%, 

and decrease oxidative stress and decrease the oxygen need. In patients with type 2 diabetes, 

oxidative stress and myocardial injury can increase with glucose toxicity (25).  SGLT2 

inhibitors are shown to prevent excessive glucose uptake by the heart. In general, fatty acids 

are the main source of energy for the heart. However, hyperglycemia simulate cardiocyte to 

uptake the glucose so the cardiac function will impairs.SGLT2 inhibitors will enlarge 

βhydroxybutyrate and alternate the energy furnish from fatty acids and glucose to 

ketones(11) This will elevated the metabolic affectivity of the myocardium and kidney and 

decrease the consumption of oxygen .Now, the ketone hypothesis is nonetheless being 

explored.    

3. Increases in hemoglobin and hematocrit   

It has been shown that empagliflozin can decrease cardiovascular mortality by increasing the 

level of hematocrit due to the level of plasma volume (13).   SGLT2 inhibitors increase 

hematocrit level by improving tubulointerstitial oxygen shortage and erythropoiesis and 

reducing the workload the workload. In Chinese patients with type 2 diabetes, low 

hematocrit and chronic kidney disease can lead to adverse cardiovascular events. In patients 

with diabetes who use dapagliflozi, the levels of erythropoietin were elevated followed 

through a make more prominent in the hematocrit stage. SGLT2 inhibitors have been used to 

restore tubulointerstitial effects, decrease renal tubules and promote erythropoietin 

production. Acute treatment with SGLT2 inhibitors increased hematocrit ranges in diabetic 
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patients and reversed kidney remodeling (26). An extend in hematocrit levels at some stage 

in treatment with empagliflozin was extensively associated with a discount in cardiovascular 

death.    

4. Myocardial remodeling improvement   

The remodeling and fibrosis of cardiac muscle are complex processes related to 

inflammation and oxidative stress (14).  It is a significant cause of heart failure and 

myocardial fibrosis. Myocardial remodeling occurs due to the activation of cardiac 

fibroblasts production and the release of extracellular matrix (14). Macrophages can speed 

up irritation and increase myocardial remodeling. It is composed of 2 phenotype M1 and M2. 

M2 macrophages is considered to be vital for post-myocardial remodeling in a mouse model 

of myocardial infarction (27). Macrophages affect the characteristics of myofibroblasts, but 

M1 and M2 macrophages are balanced in the tissue. It has recently been shown that 

dapagliflozin could modulate these phenotypes and minimize myocardial fibrosis and 

remodeling (27).    

 

                                                                   Figure 2   

Primary mechanism of action of SGLT2 inhibitor and their hemodynamic and                    

metabolic effect result in improve MI and reduce risk of heart failure  
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5. Weight reduction and good glycemic control   

It has been postulated that exact glycemic control and weight reduction management 

underlie the Cardio protective impact seen with SGLT2 inhibitors therapy (28). However, 

weight loss by SGLT2 inhibitors takes place due to amplify the ratio of glucagon: insulin 

which causes an elevation in lipid mobilization. This effect has also been linked decrease 

mortality in heart failure patients (28). It has been shown that more than 2.7 kg weight loss 

was noted in type 2   

diabetes patients with SGLT2inhibitors (28). However, these findings have later been  

challenged since no evidence of weight loss are observed in patients with heart failure 

without diabetes which would be an argument against weight reduction being the vital 

mechanism of gain with SGLT2 inhibitors (28). Moreover, regardless of the excessive 

prevalence of obesity in heart failure, there is little definitive evidence related to the effects 

of weight loss on cardiac function, quality of existence and exercise tolerance in patients   

With heart failure. Therefore, weight loss by itself can’t explain SGLT2inhibition–related 

benefits in heart failure (15).   

6. Electrolyte change    

In cardiac muscle SGLT2 Inhibitors will reduce sodium level secondary to sarcolemma and 

mitochondrial Ca2+ exchange and decreasing Ca2 attention. The mitochondrial Ca2+ level, 

as the essential agonist of antioxidant dealers and ATP, increases at some stage in heart 

failure to enhance cardiac function. More research is needed to make clear these effects (16).    

7. Decrease in serum uric acid 
   

There is a strong correlation between hyperuricemia, diabetes mellitus, hypertension, kidney 

sickness and cardiovascular sickness (17).—Hyperuricemia is an important hazard elements 

for development of cardiovascular disorder (17). It has been shown that SGLT2 inhibitors 

minimize the degree of uric acid and glucose-induced diuretic diminution in patients with 

diabetes (17).    
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                              Figure 2 mechanism of action of SGLT2 Inhibitor  

  

 Conclusions   

In summary, as a new category of drug for diabetes mellitus type 2 treatment, SGLT2 

inhibitors are good hypoglycemic agents that can lower the risk of cardiovascular disease 

and, in addition to benefits on cardiovascular and renal function. SGLT2 inhibitors can exert 

their cardiovascular protective effects by the super fuel theory, electrolyte factors and 

improved hemodynamics, elevate erythropoietin, increase glucagon, and decrease oxidative 

stress and inflammation. However, further research is required to clarify the particular 

mechanisms.     
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Researcher's critical opinion  

 In compare with other population patients with diabetes mellitus type 2 are at higher risk for 

development of cardiovascular disorder such as MI and heart failure. SGLT2-inhibitor 

therapies are a promising class of drugs for treating patients with type 2 diabetes and reduce 

cardiovascular events and heart failure hospitalizations through combination of systemic and 

direct effects on the myocardium such as blood pressure reduction, diuresis, weight 

reduction, good glycemic control,  

Improved hemodynamics, increased erythropoietin, elevated glucagon, and inhibition of 

oxidative stress However, further research is still needed to clarify the specific mechanisms. 

The different SGLT2 inhibitors type are associated with clinical heterogeneity so more 

studies are expected in the future to clarify the role of SGLT2 inhibitors and there great 

effect.  
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