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What's new?

SGLT?2 Inhibition for Diabetic and Non-diabetic Kidney Disease

Mi-Yeon Yu and Gheun-Ho Kim
Department of Internal Medicine, Hanyang University College of Medicine, Seoul, Korea

Chronic kidney disease (CKD) can be progressive, and its prognosis is worse because of increased mortality when it is associated
with diabetes and cardiac disease. The outcomes of diabetic kidney disease (DKD) need to be improved, despite multifactorial in-
terventions including glucose and blood pressure (BP) control, and the use of renin-angiotensin system (RAS) inhibitors, statins,
and aspirin. Recent clinical trials suggest that sodium-glucose cotransporter-2 (SGLT2) inhibitors offer additional cardiorenal pro-
tection in DKD and non-diabetic CKD on top of RAS inhibition. The action of SGLT?2 inhibitors is derived from the proximal tu-
bule of the kidney, but their systemic effects beyond glucose-lowering involve hemodynamic and non-hemodynamic mechanisms.
First, SGLT?2 inhibitors restore tubuloglomerular feedback and relieve glomerular hypertension and albuminuria. Second, natriu-
resis and renal glycosuria lead to fluid and weight loss, resulting in BP lowering and prevention of heart failure. Third, SGLT?2 in-
hibitors have anti-inflammatory and anti-oxidative actions that can reduce renal and cardiac inflammation and fibrosis, probably via
adenosine monophosphate-activated protein kinase and sirtuin-1 activation. Finally, the proximal tubular workload is relieved, ac-
companied by increased erythropoiesis. Hypoxia-inducible factor 1 may be stimulated by renal outer medullary hypoxia when
tubular sodium transport shifts from the proximal convoluted tubule to the proximal straight tubule and thick ascending limb, due to
SGLT2 inhibition. These effects may also be beneficial in non-diabetic CKD, and we anticipate that SGLT2 inhibitors will prove
effective for albuminuria reduction and preservation of kidney function in primary kidney diseases, including glomerulonephritis.
(Korean J Med 2021;96:455-462)
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Figure 1. The proposed mechanism by which albuminuria is re-
duced by SGLT2 inhibition. Filled arrowheads indicate re-
sponses to glycosuria or enhanced tubuloglomerular feedback.
Empty arrowheads indicate responses to SGLT?2 inhibition or re-
stored tubuloglomerular feedback. SGLT2, sodium-glucose co-
transporter-2.
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Table 1. The major trials describing the cardiovascular outcomes of SGLT?2 inhibitors in type 2 diabetes patients

Clinical study Intervention Patients Outcomes Reference
EMPA-REG Empagliflozin Preexisting CVD 3-point MACE 0.86 (0.74-0.99) [14]
OUTCOME Doubling of serum creatinine + eGFR <45,
(n=17,020) ESKD or renal death 0.54 (0.40-0.75)
Incident or worsening nephropathy 0.61 (0.53-0.70)
Initiation of KRT 0.45 (0.21-0.97)
CANVAS Canagliflozin Preexisting CVD 3-point MACE 0.86 (0.75-0.97) [15]
Program (age>30) 40% reduction in eGFR, KRT or renal death 0.60
(n=10,142) Multiple ASCVD risk (0.47-0.77)
factors (age > 50) Progression of albuminuria 0.73 (0.67-0.79)
DECLARE-TIMI Dapagliflozin Preexisting CVD or 3-point MACE 0.93 (0.84-1.03) [17]
58 (n=17,160) Multiple ASCVD risk > 40% decrease in eGFR to < 60,
factors ESKD or renal death 0.53 (0.43-0.66)

ESKD 0.31 (0.13-0.79)
ESKD or renal death 0.41 (0.20-0.82)

CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; KRT, kidney replacement
therapy; MACE, major adverse cardiovascular event; SGLT2, sodium-glucose cotransporter 2.
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Table 2. Clinical trials of SGLT?2 inhibitors with renal and cardiac endpoints, irrespective of diabetes mellitus status

Clinical study Intervention Patients Outcomes Reference
CREDENCE Canagliflozin ~ T2D + eGFR 30-90 + ACR  Primary composite kidney and CV outcome 0.70 [16]
(n=4,401) 300-5,000 mg/g (0.59-0.82)
Doubling of serum creatinine,
ESKD or renal death 0.66 (0.53-0.81)
ESKD 0.68 (0.54-0.86)
KRT or renal death 0.72 (0.54-0.97)
DAPA-CKD Dapagliflozin  T2D 68%; non-diabetic 32% Primary composite of sustained > 50% e¢GFR [18]
(n=4,304) eGFR 25-75 + ACR decline, ESKD, renal or CV death 0.61
200-5,000 mg/g (0.51-0.72)
>50% eGFR decline 0.53 (0.42-0.67)
ESKD 0.64 (0.50-0.82)
DAPA-HF Dapagliflozin ~ T2D 45%; non-diabetic 55% Primary composite of worsening HF or CV death [22]
(n=4,744) LVEF <40% +eGFR>30  0.74 (0.65-0.85)
Doubling of serum creatinine 0.56 (0.39-0.82)
DIAMOND Dapagliflozin ~ Non-diabetic + eGFR >25 + No effect on proteinuria reduction [21]
(n=53; 6 weeks) PCR 500-3,500 mg/g Reversible decline in eGFR
EMPEROR-Reduced ~ Empagliflozin =~ Non-diabetic 50%; LVEF < Primary composite of hospitalization for HF or [23]
(n=3,730) 40% CV death 0.75 (0.65-0.86)
Slope of change in eGFR 1.73 (1.10-2.37)
EMPEROR-preserved ~ Empagliflozin ~ Non-diabetic 51%; Chronic Primary composite of hospitalization for HF or [24]
(n=15,988) HF + LVEF > 40% CV death 0.79 (0.69-0.90)
Slope of change in eGFR 1.36 (1.06-1.66)
EMPA-Kidney Empagliflozin =~ eGFR 45-89 + ACR>200 Cardiorenal composite outcome: time to first [25]

(n=5,988; ongoing)

mg/g; or eGFR 20-44

occurrence of kidney disease progression or CV
death

ACR, albumin-to-creatinine ratio; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HF,
heart failure; KRT, kidney replacement therapy; LVEF, left ventricular ejection fraction; MACE, Major adverse cardiovascular event;
PCR, protein-to-creatinine ratio; sodium-glucose cotransporter 2; T2D, type 2 diabetes.
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Figure 2. SGLT2 inhibition-induced retardation of renal pro-
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function maintained thereafter compared with placebo controls.
CKD, chronic kidney disease; eGFR, estimated glomerular fil-
tration rate; SGLT2i, sodium-glucose cotransporter-2 inhibitor.
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