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SGLT2 Inhibitors

Bexagliflozin (Brenzavvy)

Canagliflozin (Invokana)

Dapagliflozin (Farxiga)

Empagliflozin (Jardiance)

Ertugliflozin (Steglatro)

Sotagliflozin (Inpefa)



Gliflozin

Glucose



Diuretics mechanism of action



Mechanism of action 



Systemic Effects



Diabetic kidney disease

Increased tubular reabsorption of Na 
partly from SGLT2 upregulation

Resulting in lowering of the [Na] at the 
macula densa

Leading to decreased afferent 
arteriolar tone

Eventually increased GFR

Hyperfiltration eventually leads to 
fibrosis within the glomerulus and 
tubulointerstitium



Mechanism of renoprotection of SGLT-2
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DAPA-CKD



DAPA-CKD



DAPA-CKD – by Geography



DAPA-CKD



DAPA-CKD



DAPA-CKD



Metanalysis



Another metanalysis



Outcome: Regardless of A1C control



Outcome: Regardless of A1C control



Safety: Overall summary



Safety: Severe hypoglycemia



Safety: EuDKA



Safety: Hypotension

FDA warning on all SGLT2 class relating to assessment of 
volume status prior to initiation of, and during, therapy:

• Meta-analysis of data from >5,000 individuals showing significantly 
lower SBP & DBP with SGLT2 inhibitor (RR, 1.48; 95% CI, 0.94–2.32)

• Lower blood pressure may, however, be beneficial in many people with 
T2DM



Decrease salt-induced hypertension



Safety: Diuretic Effect



Safety: AKI



Safety: AKI



Safety: AKI



Combining RAAS Inhibitor & SGLT2 Inhibior



Safety: GU Infection

GU infections were the most prevalent
• Candida species was 3–4 x higher than in the control group
• The risk factors include:

• Female sex

• Past GU infections

• Higher A1C were not associated with a higher incidence of the infection
• A high rate of treatment discontinuation in patients who had UTI
• Adequate intimate hygiene is crucial as it allows a considerable 

reduction in infections:
• 40.8% in the control group vs. 

• 4.8% in the group instructed about hygiene



Safety: GU Infection - Fournier’s gangrene

Serious type of GU infection is Fournier’s gangrene
• Extremely rare but potentially fatal condition characterized by 

necrotizing fasciitis of the perineal soft tissues
• Historically affected ♂ / ♀ = 40 : 1

• SGLT2 & Fournier’s gangrene was reported in 55 cases over 6-yr ♂ / ♀ = 2.4 : 1

• FDA included a warning about the risk of Fournier’s gangrene



Safety: Limb amputation

CANVAS trial, a significantly higher incidence of limb 
amputations with canagliflozin compared to the placebo:

• 6.3 vs. 3.37 per 1000 person-years. [HR], 1.97 (95% CI, 1.41–2.75)
• Pt w risk factors for limb ischemia were most at risk for amputation
• Boxed warning was added by the FDA for canagliflozin in 2017
• ADA guidelines recommend:

• Feet of all patients with DM should be evaluated at least annually

• Patients with evidence of claudication or who have a reduced or absent pedal 
pulses should be referred for assessment of ABI



Safety: Limb amputation - ABI



Contraindication of SGLT2

Hypersensitivity reaction to SGLT2 inhibitors 

ESRD

eGFR < 20 ml/min/m2

Type 1 Diabetes



Diabetes management in CKD



KDIGO Guidelines 2020



Case

CC: 58 yo male presents for routine follow-up

PMHx:
• DM II x 20 yrs
• HTN
• CKD IIIb: Cr 1.5, eGFR 45 ml/min/1.73m2

Med:
• Atorvastatin 10 mg PO QD
• Lisinopril 20 mg PO QD
• Carvedilol 12.5 mg PO BID
• HCTZ 12.5 mg PO QD
• Metformin 1000 mg BID

Pertinent PE:
• VS: BMI 37, BP 155/94, HR 80
• Decreased sensation in both feet without foot ulcers

Labs: eGFR 49, A1C 8.9, K 5.1, urine albumin/Cr ratio 760 mg/g.



Initiation of SGLT2



Non-Steroidal 
Mineralocorticoid Antagonist



MRA structure



More NS-MRA to follow

Steroid



Steroidal MRA



Mechanism of action of NS MRA



Mechanism of action



MRA: steroidal vs non steriodal



Finerenone



NS MRA Indications: 2 studies & 1 pooled analysis

FIDELIO‐DKD investigated the efficacy & safety of finerenone 
in delaying CKD progression in advanced CKD

FIGARO‐DKD evaluated the efficacy & safety of finerenone in 
reducing CV morbidity & mortality in earlier stages of CKD

FIDELITY prespecified individual patient analysis of both trials

The primary outcomes were defined as:
• CV endpoints
• Renal endpoints including:

• Doubling of serum creatinine

• Time to ESKD



Indication for MRA



FIDELIO-DKD Prespecified



FIDELIO-DKD



FIGARO



FIDELITY pooled analysis



FIDELITY pooled analysis



Finerenone in CKD: Meta-Analysis of RCT

Objective: validate efficacy & safety of finerenone in CKD

Results: 5 trials (n = 13,078) were included. Finerenone significantly:
• Lower UACR from baseline [MD -0.30 (95% CI -0.32, -0.28), p < 0.00001]

• Decrease eGFR from baseline [MD -2.44 (95% CI -2.82, -2.05), p < 0.00001]

• Proportion of patients with decreased eGFR (≥40%) was lower [RR 0.85 (95% CI 
0.78, 0.93), p = 0.0002]

• Lower ESKD [RR 0.80 (95% CI 0.65, 0.99), p = 0.04]

• Lower CVs [RR 0.88 (95% CI 0.80, 0.95), p < 0.003]

Safety:
• Increase in the [K] [MD 0.17 (95% CI 0.10, 0.24), p < 0.00001]

• Higher incidence of hyperkalemia [RR 2.03 (95% CI 1.83, 2.26), p < 0.00001]

Conclusion: finerenone confers significant renal & CV benefits in 
patients with CKD. While higher risk of hyperkalemia

Front Pharmacol 2022 Feb



Combining NS MRA & SGLT2



Cochrane Central Register: Hyperkalemia & AKI

BMC Cardiovasc Disord 2016 Dec 1;16(1):246



Conclusion

In patients with T2D and DKD, finerenone reduced 
albuminuria with a lower risk of hyperkaliemia than observed 
with steroidal MRAs

Approved by the FDA to reduce the risk of kidney function 
decline, kidney failure, CV death, non‐fatal heart attacks and 
hospitalization for CHF in patients with T2D



Glucagon-like peptide-1 
receptor agonist



GLP-1 Receptor & GLP-RA



GLP-1 agonists

Dulaglutide (Trulicity) (weekly)

Exenatide extended release (Bydureon bcise) (weekly)

Exenatide (Byetta) (BID)

Semaglutide (Ozempic) (weekly)

Liraglutide (Victoza, Saxenda) (QD)

Lixisenatide (Adlyxin) (QD)

Semaglutide (Rybelsus) (PO QD)

Semaglutide (Wegovy) (weekly)



Some combined with Insulin



Summary of utilization in CKD

Phase 2-3 trials, show that GLP-1 RAs are safe & effective in 
reducing glycemia and body weight, including in patients with 
eGFR > 15 mL/min/1.73 m2

As the therapeutic options for patients with CKD limited

Data are lacking regarding the safety and efficacy of GLP-1 
RAs in patients with ESKD

Limited data on the effects in kidney transplant

GLP-1 RAs have beneficial CV effects in patients w & wo CKD
• Probably even greater in patients with CKD

Most consistent finding is reduction of new 
macroalbuminuria

Risk to develop ESKD have yet to be demonstrated



DKD treatment: FLOW

FLOW trial is the first long-term kidney outcome trial, studying the effects of 

the GLP-1 RA, semaglutide, on kidney outcomes



DKD treatment: FLOW



Putting all together: 13 different drug classes

BMJ 2023 Apr 6;381



Benefits & harms of drug treatment for T2D: meta-analysis

Eligibility criteria for selecting studies:
• Eligible RCT compared drugs of interest in adults with DM-II
• F/U > 24 wk

Results:
• 816 trials with 471 038 patients, evaluating 13 different drug classes

• SGLT-2 inhibitors (OR 0.88, 95% CI 0.83 to 0.94) & GLP-1 RA (0.88, 0.82 to 0.93) 
reduce all cause death

• NS MRA (only with finerenone) probably reduce mortality (OR 0.89, 0.79 to 1.00) 

• SGLT-2 inhibitors and GLP-1 RA reduce CV death, non-fatal MI, admission to 
hospital for CHF, & ESRD

• Finerenone probably reduces admissions to hospital for CHF, & possibly CV death

• Only GLP-1 RA reduce non-fatal stroke

• Tirzepatide probably results in the largest reduction in body weight (mean 
difference -8.57 kg)

• Basal insulin (difference 2.15 kg) & thiazolidinediones (difference 2.81 kg) 
probably result in the largest increases in body weight

BMJ 2023 Apr 6;381



Protect the beans!
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