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Residual Risk Factors in ASCVD Patients

Parameter 
DM patients (n = 2,117) Non-DM patients (n = 3,366) 

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value 

Age 1.02 (1.00–1.04) 0.12 1.02 (1.00–1.04) 0.07 

Male (vs. female) 0.88 (0.49–1.56) 0.66 0.75 (0.44–1.27) 0.28 

BMI (kg/m2) (vs. 23 −<27.5) 

<23 1.31 (0.74–2.32) 0.35 1.53 (0.95–2.46) 0.08 

≥27.5 0.99 (0.60–1.65) 0.97 0.93 (0.56–1.56) 0.79 

Systolic blood pressure (mmHg) 1.01 (1.00–1.02) 0.11 1.00 (0.99–1.01) 0.66 

HbA1c (%) 1.04 (0.90–1.19) 0.61 — —

History of myocardial infarction 0.98 (0.54–1.79) 0.95 2.44 (1.27–4.69) <0.01 

History of ischemic stroke or TIA 1.03 (0.58–1.84) 0.92 1.76 (1.00–3.11) 0.05 

Heart failure (NYHA class I-II) 2.23 (1.31–3.77) <0.01 1.97 (1.17–3.31) <0.05 

Chronic kidney disease (vs. Stage 1–2) 

Stage 3 1.44 (0.85–2.47) 0.18 1.37 (0.85–2.20) 0.20 

Stage 4–5 3.03 (1.49–6.16) <0.01 3.02 (1.18–7.69) <0.05 



Triad of Diabetes, CHF, and CKD

USRDS 2013 Annual Data Report



Konstantinidis I et al. JAMA 176:121–124, 2016

Exclusion of CKD Patients from CV Trials 2006–2014



Metformin Use in Advanced CKD

Hung SC et al. Lancet Diabetes Endocrinol 3:605–614, 2015

35%





Pecoits-Filho R et al. CJASN 13:318–320, 2018

Major SGLT2i Studies Include CKD Patients

Name of the Study
EMPA-REG 

OUTCOME

CANVAS/

CANVAS R
DECLARE CREDENCE DAPA-CKD EMPA-KIDNEY

Intervention
Empagliflozin 

versus placebo

Canagliflozin 

versus placebo

Dapagliflozin 

versus placebo

Canagliflozin 

versus placebo

Dapagliflozin 

versus placebo

Empagliflozin 

versus placebo

Patient population CVD history CVD risk or history CVD risk or history High CV risk High CV risk High CV risk

Kidney function 

inclusion criteria
eGFR ≥30 eGFR ≥30 CCr ≥60

eGFR 30-90, 

Macro-albuminuria

eGFR 25-75, 

UACR 200-5000

eGFR 20-45 or 45-

90 with albuminuria 

Patient number 7020 10,142 17,160 4401 4000 5000

%CKD (eGFR <60) 25.9% 20.1% 7% 60% 90%

Prespecified renal 

endpoints

Progression to 

macroalbuminuria, 

doubling of SCr, 

RRT, renal death

(MARE)

Progression of 

albuminuria, 

40% reduction in 

eGFR, RRT, renal 

death

(MARE) 

Secondary:

40% decrease 

in eGFR to <60 

(CKD-EPI) and/or 

ESRD and/or renal 

or CV death

(MARCE)

Primary:

Doubling of SCr,

ESRD, renal or CV 

death 

(MARCE)

Primary:

≥50% reduction in 

eGFR or reaching 

ESRD or CV death

or renal death

(MARCE)

Primary:

Composite of 

(eGFR <10, renal 

death, or ≥40% 

reduction in eGFR) 

or CV death

(MARCE)



Landmark Events in Diabetes Drug Development

Ferro EG et al. J Am Coll Cardiol 76:2522–2526, 2020



CVOTs with SGLT2 Inhibitor

Zelniker TA et al. Lancet 393:31–39, 2019



CVOTs with SGLT2 Inhibitor

Zelniker TA et al. Lancet 393:31–39, 2019

Hospitalization for heart failure

MACE





Schneider CA et al. J Am Soc Nephrol 19:182–187, 2008

PROactive Study

597 (11.6%) of the 5154 patients

all-cause mortality, MI, and stroke



Bhatt DL et al. N Engl J Med Nov 16, 2020

Sotagliflozin in Patients with DKD

Death from CV Causes, Nonfatal MI, or Nonfatal Stroke

(median eGFR 44.4 ml/min/1.73 m2, UACR 74)



Bhatt DL et al. N Engl J Med Nov 16, 2020

Sotagliflozin in DM and Worsening Heart Failure



Fang JC. Circulation 134:435–437, 2016



Renal Outcome Measures in DKD

Prischl FC et al. Kidney Int Rep 3:1030–1038, 2018





Zelniker TA et al. Lancet 393:31–39, 2019

Renal Outcomes in CVOTs with SGLT2 Inhibitor



Zelniker TA et al. Lancet 393:31–39, 2019

Renal Outcomes in CVOTs with SGLT2 Inhibitor

Favours treatment Favours placebo



Prognosis of CKD by GFR and Albuminuria

SCORED

CREDENCE

DAPA-CKD



CREDENCE

Perkovic V et al. N Engl J Med 380:2295–2306, 2019

*Post hoc analysis (n=183)



RENAAL

Brenner BM et al. New Engl J  Med  345:861–869, 2001. 

28%

ESKD

SGLT2i



CREDENCE
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Months since randomization

No. of Participants

Placebo 2178 2084 1985 1882 1720 1536 1006 583 210

Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241

56.4 56.0

Canagliflozin Placebo

Chronic eGFR slope
Difference: 2.74/year (95% CI, 2.37–3.11)

–4.59/year
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Baseline

–3.72

Acute eGFR slope (3 weeks)
Difference: –3.17 (95% CI, –3.87, –2.47)

–0.55

–1.85/year

Perkovic V et al. N Engl J Med 380:2295–2306, 2019



EMPA-REG OUTCOME eGFR Slope Analysis

Wanner C et al. JASN 29:2755–2769, 2018



DAPA-CKD



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020

≥50% eGFR Decline, ESKD, Renal or CV Death



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020



Parving HH et al. N Engl J Med 345:870–878, 2001
Brenner BM et al. N Engl J Med 345:861–869, 2001



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020

Primary outcome in participants 

with IgA nephropathy





Scheen AJ et al. Circ Res 122:1439–1459, 2018



Volume Overload and CV Outcomes in CKD

Hung SC et al. J Am Heart Assoc 4:e001918, 2015



SGLT2 Inhibition in Combination With Loop Diuretics 
in Patients With Type 2 Diabetes and Chronic Heart Failure 

Mordi NA et al. Circulation 142:1713–1724, 2020

Osmotic diuresis through increased 

glycosuria rather than natriuresis



Tubuloglomerular Feedback

Cherney DZI et al. Circulation 129:587–597, 2014



Kraus BJ et al. Kidney Int November 09, 2020







Neuen SD et al. Diabetes Obes Metab Oct 11, 2020

SGLT2i With and Without Metformin: Meta‐analysis 



DAPA/MET XR

for 3 weeks

AKI and Severe Lactic Acidosis



Wiviott SD et al. N Engl J Med 380:347–357, 2019

DECLARE: Key Safety Events



CREDENCE

Perkovic V et al. N Engl J Med 380:2295–2306, 2019

Renal Safety



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020

Safety outcomes, %

With T2D Without T2D

Dapagliflozin
(n=1453)

Placebo
(n=1450)

Dapagliflozin
(n=696)

Placebo
(n=699)

Discontinuation due to AE 5.6 6.5 5.2 4.1

Any serious AE 33.2 38.8 21.6 23.9

AE of interest

Amputation

Diabetic ketoacidosis

Fracture

Renal related adverse event

Major hypoglycemia

Volume depletion
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Treat all CKD patients ≥50 y/o 

regardless of LDL levels



DAPA-CKD

Heerspink HJL et al. N Engl J Med 383:1436–1446, 2020



Statin for CKD: Meta‐analysis 

Palmer SC et al. Ann Intern Med 157:263–275, 2012



Lin TY et al. Toxins 12:696, 2020

Predictor PAD MACE Mortality

Indoxyl sulfate (10 μg/mL increase) 1.19 (1.05–1.35)a 1.00 (0.90–1.12) 0.98 (0.90–1.07)

BMI (kg/m2) 1.04 (0.94–1.14) 1.05 (0.97–1.14) 0.96 (0.90–1.02)

Systolic BP (10 mmHg increase) 1.08 (0.90–1.29) 1.17 (1.00–1.36) 1.04 (0.93–1.17)

TC (10 mg/dL increase) 1.04 (0.96–1.13) 1.03 (0.96–1.11) 1.01 (0.95–1.07)

HDL-C (10 mg/dL increase) 0.94 (0.75–1.17) 0.91 (0.76–1.11) 0.92 (0.79–1.07)

LDL-C (10 mg/dL increase) 1.08 (0.98–1.19) 1.10 (1.00–1.21)b 1.03 (0.96–1.11)

Triglycerides (10 mg/dL increase) 1.00 (0.97–1.03) 1.00 (0.97–1.02) 1.01 (0.99–1.03)

TC:HDL-C 1.05 (0.93–1.18) 1.01 (0.90–1.13) 0.99 (0.90–1.10)

Calcium (mg/dL) 1.04 (0.68–1.61) 1.61 (1.15–2.27)a 1.46 (1.12–1.89)a

Phosphate (mg/dL) 1.06 (0.86–1.31) 0.99 (0.81–1.22) 0.93 (0.78–1.10)

Ln CRP (mg/L) 0.91 (0.67–1.24) 1.06 (0.82–1.37) 1.31 (1.10–1.56)a



JUPITER

Ridker PM et al. J Am Coll Cardiol 55:1266–1273, 2010

eGFR <60 ml/min/1.73 m2 eGFR ≥60 ml/min/1.73 m2

Rosuvastatin Placebo Rosuvastatin Placebo

n Rate n Rate HR (95% CI) p Value n Rate n Rate HR (95% CI) p Value

Primary end point 40 1.08 71 1.95 0.55 (0.38–0.82) 0.002 102 0.69 180 1.21 0.57 (0.45–0.72) <0.001

Myocardial infarction 8 0.21 20 0.54 0.40 (0.17–0.90) 0.02 23 0.15 48 0.32 0.48 (0.29–0.79) 0.003

Stroke 10 0.27 14 0.38 0.71 (0.31–1.59) 0.40 23 0.15 50 0.33 0.46 (0.28–0.76) 0.002

Arterial revascularization 19 0.51 39 1.07 0.48 (0.28–0.83) 0.006 52 0.35 92 0.62 0.57 (0.40–0.80) 0.001

Myocardial infarction, 

stroke, or confirmed 

cardiovascular death

24 0.64 40 1.09 0.59 (0.36–0.99) 0.04 59 0.40 117 0.78 0.50 (0.37–0.69) <0.001

Venous thromboembolism 6 0.16 17 0.46 0.34 (0.14–0.88) 0.02 28 0.19 43 0.29 0.65 (0.41–1.05) 0.08

All-cause mortality 34 0.85 61 1.53 0.56 (0.37–0.85) 0.005 164 1.04 186 1.17 0.88 (0.72–1.09) 0.25

Primary end point plus 

any death
64 1.72 114 3.13 0.55 (0.41–0.75) 0.0001 231 1.56 327 2.20 0.71 (0.60–0.84) <0.001

Primary end point plus 

VTE plus any death
69 1.86 127 3.51 0.53 (0.40–0.71) <0.0001 251 1.69 356 2.41 0.70 (0.60–0.83) <0.001



Second Revolution in Cardiovascular Prevention

Chiang CE et al. J Chin Med Assoc 83:327–336, 2020

Prevention Treatment

Statins SGLT2i Statins SGLT2i

Coronary heart disease V X V V

Myocardial infarction V X V V

Stroke V X V V

Peripheral artery disease V X V V

Chronic kidney disease (1–4) X V V V

End-stage kidney disease X V X X

Heart failure X V X V



Summary and Take-home Messages

• The 2008 FDA mandate significantly changed how

patients with CKD are treated.

• SGLT2i can prevent/treat HF and prevent CKD/ESKD.

• CV and renal protection of SGLT2i is not through anti-

atherosclerotic effect.

• SGLT2i is complementary to statin in the management

of multiple risk factors in CKD.

• Earlier treatment is better for preventing event in CKD

patients with DM and hyperlipidemia.


