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• Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are an exceptionally versatile

class of medication, and their glycemic and nonglycemic benefits could help 

millions of patients with type 2 DM 

• They have been shown to improve cardiac and renal outcomes much needed

benefits in patients with type 2 DM, who are at a higher risk for developing 

cardiac and renal dysfunction than those who do not have DM



• The kidneys play a role in regulating blood glucose by filtering out glucose in the 
glomerulus and then reabsorbing it in the proximal tubule

• They can filter and reabsorb approximately 180 g of glucose/day, and < 1% is 
excreted into the urine

• The transporters responsible for reabsorbing glucose from the tubular lumen into 
the blood stream are the SGLT-1 and SGLT-2

• SGLT-1 is located in the distal segment of the proximal tubule and reabsorbs 
approximately 10% of the glucose

• SGLT-2 is located in the proximal portion of the proximal tubule and reabsorbs 
about 90%





• Drugs that inhibit  SGLT-2 promote glycosuria in exchange for lower plasma 
glucose. 

• An advantage of these drugs is that their mechanism of action is:

independent of insulin secretion, beta-cell function, and insulin resistance
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SGLT-2 inhibitors lower glucose independently of insulin, so hypoglycemia is rare 

using as monotherapy or in conjunction with noninsulin secretagogue oral agents



Using insulin or insulin secretagogues increase the incidence of hypoglycemia 

• decreasing the basal insulin dose by 20% if the FBS is<106 mg/dL and decreasing 
it by 10% if FBS is between 106 - 145 mg/dL

• reducing the bolus  dose by 20% if the BS  is <106 mg/dL before meals, and by 
10% if it is between 106 -145 mg/dL

• For patients using both insulin and an insulin secretagogue, consider reducing the 
dose of insulin secretagogue or discontinuing it altogether, particularly if BS is 
<106 mg/dL before starting the SGLT-2 inhibitor
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EFFECT ON CARDIOVASCULAR OUTCOMES

• one-third of patients with type 2 DM have CVD

• 20% have coronary artery disease 

• 15% have heart failure

• Those with type 2 DM who develop heart failure have a 9 to 12 times greater 
mortality risk than those who do not



• Randomized, double-blind, placebo-controlled trial

• Intervention : Empagliflozin (at a dose of  10 or 25 mg) versus placebo

• Sample size:7020

• Median F/U: 3.1 years (Median)

• Outcome : A composite of death from CV causes, nonfatal MI (excluding silent 
MI), or nonfatal stroke.

• 2015 Nov 26;373(22):2117-28



Primary outcome



All cause mortality

NNT=39



Cardiovascular Death



Hospitalization for HF





• SGLT-2 inhibitors’ effect on MACE appears to be confined to patients with 
established ASCVD

• their effect on reducing hospitalizations for HF appears to be independent of 
established ASCVD, risk factors, or history of HF



POSSIBLE MECHANISMS
OF CARDIOVASCULAR BENEFIT



Osmotic diuresis:  By increasing glycosuria and natriuresis, increase urine output 

, so decrease plasma volume and ventricular preload

Inhibition of the sodium-hydrogen exchanger : Cytosolic sodium 
concentration and sodium-hydrogen exchanger activity are both increased in the

myocytes in DM and HF, and sodium-hydrogen exchanger inhibition has been

shown to reduce hypertrophy in HF

Inhibition of fibrosis: empagliflozin suppressed gene expression of key

profibrotic markers such as type I collagen and connective tissue growth factor.

This inhibition may lead to protection from cardiac fibrosis independent of

glycemic status
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• SGLT-2 inhibitors inhibit uptake of glucose and sodium in the proximal tubule, leading 
to an increase in delivery of sodium to the distal tubule and juxtaglomerular
apparatus

• Causing the vasoconstriction of  afferent arteriole

• This afferent arteriolar constriction manifests as a transient reduction in eGFR of 
approximately 3 to 4 mL/min/1.73 m2 in the first few weeks of SGLT-2 therapy and a 
reductionin albuminuria.



N Engl J Med 2016;375:323-34

• Aim :To determine the long-term renal effects of empagliflozin, an analysis that was 
a prespecified component of the secondary microvascular outcome of that trial

• Prespecified renal outcomes :  Incident or worsening nephropathy, defined as 
progression to macroalbuminuria (urinary albuminto- creatinine ratio >300 mg of 
albumin per gram of creatinine); a doubling of the serum creatinine level, 
accompanied by an eGFR of ≤45 ml/ min/ 1.73 m2; the initiation of renal-
replacement therapy; or death from renal disease









Aim : To assess the effects of the SGLT2 inhibitor canagliflozin on renal outcomes in 
patients with type 2 DM and albuminuric chronic kidney disease

N Engl J Med 2019; 380:2295-2306



Study Design

Participants continued treatment if eGFR was <30 mL/min/1.73 m2 until chronic dialysis was 
initiated or kidney transplant occurred. 

Key inclusion criteria
• ≥30 years of age 
• T2DM and HbA1c 6.5% to 12.0%
• eGFR 30 to 90 mL/min/1.73 m2

• UACR 300 to 5000 mg/g
• Stable max tolerated labelled dose of

ACEi or ARB for ≥4 weeks

Key exclusion criteria
• Other kidney diseases, dialysis, or kidney transplant

• Dual ACEi and ARB; direct renin inhibitor; MRA
• Serum K+ >5.5 mmol/L
• CV events within 12 weeks of screening 
• NYHA class IV heart failure
• Diabetic ketoacidosis or T1DM

2-week placebo run-in

Placebo

Canagliflozin 100 mg 

R
Double-blind 

randomization
(1:1)

Follow-up at Weeks 3, 13, and 26 (F2F) 
then every 13 weeks (alternating phone/F2F)



Effects on Albuminuria (UACR)
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Effects on eGFR
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Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death
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• 4304 participants with an estimated GFR of 25 to 75 ml/min/per 1.73 m2 and a urinary 
albumin/cr ratio (with albumin measured in milligrams and creatinine) of 200 to 5000
were randomized to receive dapagliflozin (10 mg once daily) or placebo.

• The primary outcome was a composite of a sustained decline in the estimated GFR of at 
least 50%, end-stage kidney disease, or death from renal or cardiovascular causes

• Median follow up :  2.4 years

N Engl J Med 2020;383:1436-46





Kidney disease improving global outcome
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• SGLT-2 inhibitors have been shown to promote weight loss and lower BP

• Taking these drugs as monotherapy for 24 -26 weeks:

weight loss was approximately 2.3 - 3.5 kg 

Systolic BP decreased by 1.4 to 3.7 mmHg 

diastolic BP decreased by 0.6 to 2.0 mmHg

• SGLT-2 inhibitors have not been approved for use solely as weight-loss medications



• A meta-analysis of 4 large, RCT showed that patients who received combination 
therapy lost significantly more weight loss than those who received SGLT-2 
inhibitor monotherapy (difference = –1.61 kg,P = .01)

• they had significantly reduced BP(difference = –3.32 mmHg, P < .001)

• HbA1c reduction was also greater in the combination therapy group compared 
with monotherapy (difference = –0.74%, P < .001).



STUDIES IN NONALCOHOLIC FATTY LIVER DISEASE (NAFLD)

• Empagliflozin, dapagliflozin, and canagliflozin have been shown to decrease ALT

and improve steatosis and fibrosis along with reducing HbA1c and body weight

• Further randomized controlled trials are needed to evaluate the benefit of SGLT-2 
inhibitors in NAFLD in patients with and without diabetes
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Euglycemic Diabetic ketoacidosis 

• ketoacidosis (pH < 7.3 or serum bicarbonate < 18mmol/L) 

• mild degree of hyperglycemia (11-14 mmol/L or 180-250 mg/dL)

• occurs infrequently; so, the benefits of SGLT-2 inhibitors clearly outweigh the risk





• In 2020, the FDA approved a label change for all SGLT-2 inhibitors, recommending

temporary discontinuation of the drug before scheduled surgery.

• Empagliflozin, canagliflozin, and dapagliflozin should be discontinued 3 days

before scheduled surgery and ertugliflozin should be discontinued 4 days before.

• The drug can be reinitiated after surgery when oral intake has returned to 

baseline



Genital and urinary infections.

• As a class, SGLT-2 inhibitors increase the risk of genital infections.

• Urinary tract infections were generally not significantly increased as a class, but 

an increase in female urinary tract infections was seen with empagliflozin



Fournier gangrene

• In a postmarketing analysis based on the FDA adverse event reporting system

SGLT-2 inhibitors were associated with an increased risk of Fournier gangrene:

55 cases of Fournier gangrene were identified from 2013 -2019; 21 cases were 

attributed to canagliflozin, 16 to dapagliflozin, and 18 to empagliflozin

• Due to the severe and fatal nature of this infection, it is crucial to have a high 
index of suspicion for it in order to detect these cases in the early stages.



Fractures, amputations with canagliflozin

• In the CANVAS trial : the hazard ratio for the risk of fractures with canagliflozin

was 1.26 (95% CI 1.04–1.52),and the hazard ratio for the risk of amputations was 

1.97 (95% CI 1.41–2.75)

• In the CREDENCE trial: the hazard ratios for these 2events were not significant

• The increased risk for fractures and amputations has not been seen in RCT of 
empagliflozin , dapagliflozin, and ertugliflozin





Conclusion

• SGLT-2 inhibitors improve glycemic control, reduce hospitalizations for HF , and 
slow the progression of renal disease

• Consider an SGLT-2 inhibitor as first or second-line therapy(after metformin) in 
patients with type 2 DM  with CVD or renal disease, or both, regardless of 
glycemic control

• Consider an SGLT-2 inhibitor in overweight or obese patients with type 2 DM

• Be aware of the possibility of genital infections and diabetic ketoacidosis with 
SGLT-2 inhibitor use



Thank you for your attention 
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