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How Bad Pharma™ and an ambitious attorney 
general lead to two of the greatest therapeutic 
discoveries in kidney and cardiac medicine

A new era in diabetic kidney disease
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I am the president of NephJC, a 503c organization that 
supports social media in medical education. NephJC has 
never accepted pharmaceutical support and has not accepted 
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I may discuss off-label indications
Dapagliflozin:

Reduce progression of CKD and 
decrease hospitalization for heart failure, 
and decrease CV death.

Reduce the risk of cardiovascular (CV) 
death and hospitalization for heart failure 
in adults with heart failure.

Reduce the risk of hospitalization for 
heart failure in adults with type 2 
diabetes mellitus and either CV disease 
or risk factors.

As an adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes mellitus

Empagliflozin:

Reduce progression of CKD and 
decrease hospitalization.

Reduce the risk of cardiovascular (CV) 
death and hospitalization for heart failure 
(Both HFrEF and HFpEF)

Reduce the risk of CV death in adults 
with type 2 diabetes mellitus and 
cardiovascular disease.

As an adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes mellitus

Canagliflozin:
Reduce progression of CKD and 
decrease hospitalization for heart failure, 
and decrease CV death in adults with 
type 2 diabetes and albuminuria

Reduce the risk of cardiovascular death, 
non-fatal MI, non-fatal stroke in adults 
with type 2 diabetes mellitus and 
cardiovascular disease.

As an adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes mellitus
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I may discuss off-label indications
Ertugliflozin:

As an adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes mellitus

Sotagliflozin:

Reduce the risk of cardiovascular death, 
hospitalization for heart failure in patients 
with heart failure.

Reduce the risk of hospitalization for 
heart failure in adults with type 2 
diabetes mellitus and either CV disease 
or risk factors.

Bexagliflozin:

As an adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes mellitus
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Glycemic control

Diabetes Control and Complications Trial

1441 Type 1 diabetics

7 years of follow up

primary outcome was decreased 
retinopathy and development of 
microalbuminuria

Hgb A1c 7 vs 9

1993
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Retinopathy: ⬇76%
New onset 
albuminuria: ⬇34%

The Effect of Intensive Treatment of Diabetes on the Development and Progression of Long-Term 
Complications in Insulin-Dependent Diabetes Mellitus. (1993). NEJM, 329(14), 977–986.

intensive therapy reduced microvascular diseased

intensive therapy conservative therapy

hypoglycemic episodes 
requiring assistance

62/100 patient years 19/100 patient years

hypoglycemic coma or 
seizure 16/100 patient years 5/100 patient years

hospitalizations for 
hypoglycemia 54 times in 40 patients 36 times in 27 patients

fatal MVA 1 (+ 1 passenger) 1

13

14



10/13/2023

8

hypoglycemic episodes 
requiring assistance

62

19

16

5
hypoglycemic 
coma or seizure

hospitalizations 
for hypoglycemia

54

36

Intensive glycemic control

Intensive glycemic control

Intensive glycemic control

Control

Control

Control

16

5
hypoglycemic 
coma or seizure

hospitalizations 
for hypoglycemia

54

36

Fatal MVA
1+1

1

Intensive glycemic control

Intensive glycemic control

Intensive glycemic control

Control

Control

Control
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DCCT long term follow up
27 years

Orchard, T. J., Nathan, D. M., Zinman, B., Cleary, P., Brillon, D., Backlund, J.-Y. C., & Lachin, J. M. (2015). 
Association between 7 years of intensive treatment of type 1 diabetes and long-term mortality. JAMA, 

313(1), 45–53.

7 deaths due to diabetic kidney disease, 6 with conventional control

DCCT
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Incidence of GFR < 60

De boer IH. Kidney disease and related findings in the diabetes 
control and complications trial/epidemiology of diabetes interventions 

and complications study. Diabetes Care. 2014;37(1):24-30.

ACCORD study group

n=10,251

median follow-up 3.5 years

primary outcome:  
• nonfatal myocardial infarction
• nonfatal stroke
• death from cardiovascular causes

2008

A1c 6.4 vs 7.5
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ACCORD 
Primary outcome: MACE
  • CV Death
  • nonfatal MI
  • nonfatal stroke

Action to Control Cardiovascular Risk in Diabetes Study Group. (2008). Effects of intensive glucose 
lowering in type 2 diabetes. The New England Journal of Medicine, 358(24), 2545–2559.

Action to Control Cardiovascular Risk in Diabetes Study Group. (2008). Effects of intensive glucose 
lowering in type 2 diabetes. The New England Journal of Medicine, 358(24), 2545–2559.

hazard ratio, 1.22; 95% CI 1.01 to 1.46; P=0.04 

“These findings identify a previously 
unrecognized harm of intensive 
glucose lowering in high-risk 
patients with type 2 diabetes.”

21
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Ismail-beigi F, Craven T, Banerji MA, et al. Effect of intensive treatment of hyperglycaemia on microvascular 
outcomes in type 2 diabetes: an analysis of the ACCORD randomised trial. Lancet. 2010;376(9739):419-30.

microvascular outcomes of ACCORD

NO DIFFERENCE POSITIVE REDUCTION

macroalbuminuria
HR = 0.68, CI 0.54-0.86; 
p = 0.001; NNT = 82

renal failure 
(RRT, Cr > 3.3 mg/dl) 
HR 0.95, p = 0.713

microvascular 
complications

microalbuminuria
HR = 0.81, CI 0.70-0.94; 
p = 0.005; NNT = 44 

Glycemic control

Blood pressure control

Some is good…a lot, not so clear
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UKPDS randomized 1148 patients to one of two arms:

Reduced risk of
any diabetes-related endpoint   24%  p=0.005
microvascular endpoint              37%  p=0.009
stroke                                        44%  p=0.013

<180/105 <150/85

154/87 144/82Achieved blood 
pressure

UK Prospective Diabetes Study Group. (1998). Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ , 317(7160), 703–713.

Any clinical end point, fatal 
or non-fatal, related to 
diabetes 

Patients who die of disease 
related to diabetes 
(myocardial infarction, 
sudden death, stroke, 
peripheral vascular disease, 
and renal failure)
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ACCORD

Type 2 diabetics

Target a SBP < 120 vs. < 140

Mean follow-up: 5 years

Primary outcome: MACE

• CV death 
• nonfatal MI
• nonfatal stroke
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Twice as much hypokalemia

50% more AKI

Twice as much progression to CKD stage 4

Glycemic control

Blood pressure control

Some is good…a lot, not so clear

Some is good…a lot, not so clear
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Glycemic control

RAAS inhibition

Blood pressure control

Some is good…a lot, not so clear

Some is good…a lot, not so clear

IDNT

Irbesartan vs Amlodipine vs Placebo

n=1715 type 2 DM

Follow-up 2.6 years

Primary outcome: doubling of serum 
creatinine, ESRD or death

2001
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33%

20% 23%
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VA NEPHRON-D

Losartan + placebo vs 
Losartan + lisinopril
n=1448 type 2 DM
median follow-up 2.2 years
primary outcome: decline in eGFR of 
30 mL/min or 50%, ESRD, death

2013

Stopped early due to excess hyperkalemia (2.8x) and acute kidney injury (1.7x)

35

36



10/13/2023

19

Glycemic control

RAAS inhibition

Blood pressure control

Some is good…a lot, not so much

Some is good…a lot, not so much

Some is good…a lot, not so much

2000’s 
Roll back

Not < 6.5
A1c 6.4 vs 7.5 ☠

Not < 120/70
120 vs 140 ☠

No 
ACEi+ARB
ACEi and ARB ☠

2000’s 
Roll back

Not < 6.5
A1c 6.4 vs 7.5 ☠

Not < 120/70
120 vs 140 ☠

No 
ACEi+ARB
ACEi and ARB ☠

2020’s 
What’s next

SGLT2i

GLP-1ra

MRA

2020’s 
What’s next

SGLT2i

GLP-1ra

MRA

1990’s
Discovery

Blood Sugar
A1c 7.0 > 7.9 ڔ
BP Control

ڔ 154 < 144
RAASi

ACEi or ARB ڔ

1990’s
Discovery

Blood Sugar
A1c 7.0 > 7.9 ڔ
BP Control

ڔ 154 < 144
RAASi

ACEi or ARB ڔ
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Thank you. 
It’s working.

And that is without #Flozins
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Eliot Spitzer Born in the Bronx, second generation 
American whose grandparents came from 
Poland and Ukraine

Princeton undergrad

Harvard Law School
Editor of the Law Review

Manhattan District Attorney 

Helped bring down the Gambino 
crime family

Eliot Spitzer

Attorney General of New York 1999-
2006

Successfully pursued Enron after 
the SEC failed

Governor of New York 2006

In 2007 Introduced legislation to 
legalize same-sex marriage

Helped bring down the Gambino 
crime family
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March 10, 2008… …2 days later

And he was gone…
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Let’s go back to 2004, as attorney general

GSK was suppressing studies showing decreased 
effectiveness and an increased risk of suicide in young 
people

$2.5 million and release all clinical trial results 
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FDA 
1999

Fluid retention and heart failure known 
problems with the glitazones

LDL 
18%

Acute MI 
HR 1.8 
(0.9-3.6)

rosiglitazone

1.8

That was what was known in the published data…
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Steven Nissen used the 
Spitzer agreement to 
discover 42 previously 
unpublished, randomized 
trials of rosiglitazone of at 
least 24 weeks duration
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June 14, 2007

Acute MI 
HR 1.43 
(1.03-1.98)

CV Death 
HR 1.64 
(0.98-2.74)

51

52



10/13/2023

27

FDA Guidance: All new anti-diabetic drugs needed to 
show no excess cardiovascular risk

A1c
Before 2009

Cardiac 
Safety

and

After 2009

PioglitazonePioglitazoneDegludecDegludecExanatideExanatide

SaxagliptinSaxagliptin

safe*

AlogliptinAlogliptinRosiglitazoneRosiglitazone

*Patients in the saxagliptin group had higher hospitalization for heart failure (3.5% vs. 2.8%; HR, 1.27; 95% CI, 1.07 to 1.51; P=0.007)
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NEJM 373 November 26, 2015

NEJM 373 November 26, 2015

A1c 8.1%

Age 63.1

Diabetic nephropathy
(>300 mg/g) 11%

Blood pressure
135/77

ACEi or ARB in 81%
Statins in 77%

2.6 years 2.6 years 

N=7,020

Empagliflozen

Placebo

Type 2 DM
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A1c 8.1%

Age 63.1

Diabetic nephropathy
(>300 mg/g) 11%

Blood pressure
135/77

ACEi or ARB in 81%
Statins in 77%

2.6 years 2.6 years 

N=7,020
CV Death
Non-fatal MI
Non-fatal stroke

0.86
P<0.001

Hazard 
Ratio

Total mortality

0.68
P<0.001

10.5% 5.7%Empagliflozen

12.1% 8.3%Placebo

EMPA-REG outcomes

Type 2 DM

NEJM 373 November 26, 2015

Braunwald, E. (2022). Gliflozins in the Management of Cardiovascular Disease. The New England Journal of Medicine, 386(21), 2024–2034.
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A1c 8.2%

Age 63.3

Blood pressure
137/78

ACEi or ARB in 80%
Statins in 75%

3.6 years 3.6 years 

N=10,142

NS 0.87
0.69-1.06

Hazard 
Ratio

Diabetic nephropathy
(>300 mg/g) 7.6%

Canagliflozen

Placebo

11.6

12.8

CANVAS and CANVAS-R

0.86
0.75-0.97

31.5%

26.9%

CV Death
Non-fatal MI
Non-fatal stroke Total mortality

NEJM 377 August 17, 2017

Placebo

A1c 8.3%

Age 64.0

Blood pressure
135/xx

ACEi or ARB in 81%
Statins in 75%

4.2 years 4.2 years 

N=17,160

NS 0.93
0.84 to 1.03

Hazard 
Ratio

Diabetic nephropathy
(>300 mg/g) 7.6%

Dapagliflozen 8.8%

9.4%

DECLARE-TIMI 58

NEJM 380 January 24, 2019

MACE or 
Hospitalization 
for heart failure

4.9%

5.8%

0.93
0.73 to 0.95

CV Death
Non-fatal MI
Non-fatal stroke
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All these studies look the same because they are 
the same. They were all designed in cooperation 
with the FDA to answer the same question, “If we 
use these drugs in cardiovascularly fragile 
patients, is this drug safe?”

They all passed, but the studies demonstrated 
something more, profound cardioprotection, 
specifically in heart failure

EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CANVAS and CANVAS-R August 17, 2017

DAPA-HF November 21, 2019

DAPA-Kidney October 8, 2020

DELIVER dapa in HFpEF August 27, 2022

EMPA-Kidney November 2022?

EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021
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EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CANVAS and CANVAS-R August 17, 2017

DAPA-HF November 21, 2019

DAPA-Kidney October 8, 2020

DELIVER dapa in HFpEF August 27, 2022

EMPA-Kidney November 2022?

EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021

EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CANVAS and CANVAS-R August 17, 2017

DAPA-HF November 21, 2019

DAPA-Kidney October 8, 2020

DELIVER dapa in HFpEF August 27, 2022

EMPA-Kidney November 2022?

EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021
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A1c 8.1%

Age 63.1

Diabetic nephropathy
(>300 mg/g) 11%

Blood pressure
135/77

Average GFR 
74 ml/min

2.6 years 2.6 years 

N=7,020
Macroalbuminuria
2xCr, Dialysis
Kidney death  

0.61
P<0.001

Hazard 
Ratio

Macroalbuminuria

0.62
P<0.001

12.7%Empagliflozen

18.8%Placebo

EMPA-REG Kidney

11.2%

16.2%

Type 2 DM

NEJM 375 July 28, 2016
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A1c 8.2%

Age 63.3

Blood pressure
137/78

ACEi or ARB in 80%
Statins in 75%

3.6 years 3.6 years 

N=10,142

40% ↓ in eGFR
Dialysis
Kidney death

0.73
P<0.001

Hazard 
Ratio

Progression of 
albuminuria

Diabetic nephropathy
(>300 mg/g) 7.6%

Canagliflozen

Placebo

per 1000 pt yrs

per 1000 pt yrs

89.4

128.7

CANVAS Renal Events

0.61
P<0.001

5.5

9.0

NEJM 377 August 17, 2017

A1c 8.3%

Age 64.0

Blood pressure
135/xx

ACEi or ARB in 81%
Statins in 75%

4.2 years 4.2 years 

N=17,160

0.76
0.67 to 0.87

Hazard 
Ratio

Diabetic nephropathy
(>300 mg/g) 7.6%

Dapagliflozen

Placebo

per 1000 pt yrs

per 1000 pt yrs

4.3%

5.6%

DECLARE-TIMI 58

40% ↓ in eGFR
Dialysis
Kidney / CV death

NEJM 380 January 24, 2019
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CANVAS
EMPA-REG

DECLARE-TIMI 58
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Albuminuria categories mg/g

A1:
<30

A2:
30-299

A3:
≥300

<15

≥90

15-29

30-44

45-59

60-90
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EMPA-REG
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Albuminuria categories mg/g
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EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CANVAS and CANVAS-R August 17, 2017

SOLOist January 14, 2021

CREDENCE June 13, 2019
DAPA-HF November 21, 2019
DAPA-CKD October 8, 2020
EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021

DELIVER August 27, 2022
EMPA-Kidney November 2022

EMPULSE February 28, 2022

SOLOist January 14, 2021

EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019
CREDENCE June 13, 2019
DAPA-HF November 21, 2019
DAPA-CKD October 8, 2020
EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021

DELIVER August 27, 2022
EMPA-Kidney November 2022

EMPULSE February 28, 2022

CANVAS and CANVAS-R August 17, 2017
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The surprise unleashed a torrent of studies to 
race to fully define the magnitude, scope, and 
limits of these benefits. To fully understand what 
these drugs mean for medicine.

So let’s start with our basic understanding of the 
drugs.

EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CREDENCE June 13, 2019

DAPA-HF November 21, 2019

DAPA-Kidney October 8, 2020

DELIVER dapa in HFpEF August 27, 2022

EMPA-Kidney November 2022?

EMPEROR-Reduced October 8, 2020

EMPEROR-Preserved October 14, 2021
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The proximal tubule is the sole site for glucose 
reabsorption. There are two glucose transporters: 

SGLT1 found in S3 of the proximal tubule
High avidity
Low capacity
2 Na+ reabsorbs 1 glucose
Reabsorbs 10-20% of filtered glucose

SGLT2 found in S1 and S2 of the proximal tubule
Moderate avidity
High capacity
1 Na+ reabsorbs 1 glucose
Reabsorbs 80-90% of filtered glucose 

Emapgliflozin, dapagliflozin: SGLT2 inhibitor only
Canagliflozin: SGLT2 inhibitor with some SGLT1 inhibitor activity
Sotagliflozin: combined SGLT1 and SGLT2 inhibitor

glucagon

-cellsSGLT2 found in S1 and S2 of the proximal tubule
Moderate avidity
High capacity
1 Na+ reabsorbs 1 glucose
Reabsorbs 80-90% of filtered glucose 

SGLT1 found in S3 of the proximal tubule
High avidity
Low capacity
2 Na+ reabsorbs 1 glucose
Reabsorbs 10-20% of filtered glucose

75
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Na+

140 mEq/L Na+

4 mEq/L

Phosphate

amino acids

glucose

H+

Glucose
Phosphorus
Bicarbonate
Amino acids 

Proximal tubule

glucose

Na+

140 mEq/L Na+

4 mEq/L

Phosphate

amino acids

glucose

H+

Glucose
Phosphorus
Bicarbonate
Amino acids 

Hyperglycemia

Glucose

Proximal tubule
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Na+

140 mEq/L Na+

4 mEq/L

Phosphate

amino acids

glucose

H+

Glucose
Phosphorus
Bicarbonate
Amino acids 

Fanconi syndrome

Proximal tubule

Na+

140 mEq/L Na+

4 mEq/L

Phosphate

amino acids

glucose

H+

SGLT2 inhibitors

Glucose
Phosphorus
Bicarbonate
Amino acids 

Proximal tubule

Sodium

79
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Na+

140 mEq/L Na+

4 mEq/L

glucose

Gliflozins, SGLT2 inhibitors, are diuretics

+

– +

Cl–
Glucose reabsorption is driven by 
sodium reabsorption.

Chloride moves passively in 
response to sodium resorption

– +

– +
– +
– +
– +Increased glucose reabsorption 

increases salt retention

Na+

140 mEq/L Na+

4 mEq/L

Phosphate

amino acids

H+

SGLT2 inhibitors

Glucose
Phosphorus
Bicarbonate
Amino acids 

Gliflozins, SGLT2 inhibitors, are diuretics

Sodium 

glucose
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macula densa

TAL
MD

AA JGA

Tubular-Glomerular Feedback 

                        detects decreased 
delivery of chloride

DILATE

Increased GFR
Increased intra-glomerular 
pressure

hyperfiltration

Increased glucose, Na, Cl 
reabsorption at the proximal tubule

glucose
sodium
chloride

hyperglycemia
macula densa
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hyperfiltration

CONSTRICT

Increased GFR
Increased intra-glomerular 
pressure

correction of hyperfiltration

glucose
sodium
chloride

Decreased GFR
Decreased intra-glomerular 
pressure

DILATE

                        detects decreased 
delivery of chloride

detects increased
delivery of chloride
macula densa

hyperfiltration

CONSTRICT

Increased GFR
Increased intra-glomerular 
pressure

correction of hyperfiltration

glucose
sodium
chloride

Decreased GFR
Decreased intra-glomerular 
pressure

DILATE

detects decreased 
delivery of chloride
                        detects increased 
delivery of chloride
macula densa
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1,042

1,641

724

1,156

Renal Plasma Flow Renal Blood Flow

Baseline EMPA

While this is the mechanism of action commonly 
described, it does not explain how people who do 
not have hyperfiltration, i.e. people without 
diabetes, get renal benefit. Or how this blocking 
of TG feedback results in profound heart failure 
benefits.
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88



10/13/2023

45

Braunwald, E. (2022). Gliflozins in the Management of Cardiovascular Disease. 
The New England Journal of Medicine, 386(21), 2024–2034.

“Fundamental mechanisms responsible for 
the beneficial cardiac effects of SGLT2 
inhibitors are not clear.”

“Fundamental mechanisms responsible for 
the beneficial cardiac effects of SGLT2 
inhibitors are not clear.”

Improved glucose oxidation 
by cardiac mitochondria 

activity of the sarcolemmal 
sodium hydrogen exchanger-1

Anti-inflammatory 
activity 

Reduce free 
radical formation

Improve coronary 
endothelial function 

the late inward 
sodium current

calcium calmodulin-
dependent protein kinase II
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@CTeodosiu
Corina Teodosiu

The most powerful 
nephroprotective 
medications ever 

discovered

Among the most 
powerful heart failure 

medications ever 
discovered
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CONSENSUS
NYHA IV

40% ⬇ 6 month
total mortalityEnalapril

SOLVD
EF< 35% Enalapril

16% ⬇
total mortality

CHARM-Alternative
EF< 40% Candesartan vs 

Placebo

20% ⬇
CV death

Val-HeFT
NYHA 2-4

Valsartan vs 
Placebo

13% ⬇
MACE

TRACE
EF< 35% post-MI Trandolapril

22% ⬇
total mortality

ACEi and ARB
HFrEF

Among the most 
powerful heart failure 

medications ever 
discovered

RALES
EF < 35%

30% ⬇
total mortalitySpironolactone

EPHESUS
MI + EF < 40% Eplerenone

15% ⬇
total mortality

MERIT-HF
EF< 40% Metoprolol CR

34% ⬇
CV death

PARADIGM-HF
EF< 40% Sacubitril/Valsar

tan

16% ⬇
total mortality

Among the most 
powerful heart failure 

medications ever 
discovered

Other agents
HFrEF
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Among the most 
powerful heart failure 

medications ever 
discovered

DAPA-HF
EF < 40%

18% ⬇
CV mortalityDapagliflozin

SGLT2i 
HFrEF

EMPEROR-Reduced
EF< 40% Empagliflozin

25% ⬇ CV death
& hosp HF

CHARM-Preserved
EF > 40% Negative trialCandesartan

PEP-CHF
EF < 40% Perindopril Negative trial

TOPCAT
EF > 45% Spironolactone Negative trial*

PARAGON-HF
EF > 45% Sacubitril/Valsartan Negative Trial*

Among the most 
powerful heart failure 

medications ever 
discovered

HFpEF
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DELIVER
EF > 40% Dapagliflozin

18% ⬇ CV death
& hosp/ED HF

Among the most 
powerful heart failure 

medications ever 
discovered

SGLT2i 
HFpEF

EMPEROR-Preserved
EF > 40% Empagliflozin

21% ⬇ CV death
& hosp HF

EMPA-REG
DM2 + CVD

38% ⬇
CV mortalityEmpagliflozin

CANVAS
DM2 + CV risk Canagliflozin

13% ⬇
CV mortality

DECLARE-TIMI 58
DM2 + CV risk Dapagliflozin

17% ⬇ CV death
& hosp for CHF

Among the most 
powerful heart failure 

medications ever 
discovered

Risk of CV Disease
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1222 patients 

Acute decompensated 
heart failure

Usual care +
Placebo 
(N=614)

Usual care + 
Sotagliflozin 
(N=608)

9.2 months

76%

51%

Composite of CV 
death and hospital-
ization / ER for heart 
failure

At discharge 

Bhatt, D. L., SOLOIST-WHF Trial Investigators. (2021). Sotagliflozin in Patients with 
Diabetes and Recent Worsening Heart Failure. NEJM, 384(2), 117–128.

SOLOIST

530 patients 

Acute decompensated 
heart failure

Usual care + 
Placebo 
(N=265)

Usual care + 
10 mg Empa
(N=265)

90 days
When 
stable 

(day 3)

Voors, A. A., Angermann, C. E., Teerlink, J. R., Ponikowski, P. (2022). Nature Medicine, 28(3), 568–574.

EMPULSE

22

11

Deaths
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530 patients 

Acute decompensated 
heart failure Voors, A. A., Angermann, C. E., Teerlink, J. R., Ponikowski, P. (2022). Nature Medicine, 28(3), 568–574.

EMPULSE

Heart failure 
exacerbation

52

36

Usual care + 
Placebo 
(N=265)

Usual care + 
10 mg Empa
(N=265)

90 days
When 
stable 

(day 3)

60 patients 

Acute decompensated 
heart failure

1.0 Kg

Weight loss 
at 30-days

3.8 Kg

EMPAG-HF

Usual care
+ Placebo

Usual care
+ Empa

5 daysWithin 
12 hours

Schulze, P. C., Bogoviku, Busch, M, et al. (2022). Circulation, 146(4), 289–298.
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Usual care
+ Placebo

Usual care
+ Empa

5 days

8.7 L

10.8 L

Urine output
Within 

12 hours

Schulze, P. C., Bogoviku, Busch, M, et al. (2022). Circulation, 146(4), 289–298.

60 patients 

Acute decompensated 
heart failure

EMPAG-HF

Schulze, P. C., Bogoviku, Busch, M, et al. (2022). Circulation, 146(4), 289–298.

EMPAG-HF
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The Proximal Tubule is having its moment

Chronic HFrEF

Patients with 
CV risk factors

Chronic HFpEF

Acute decompen-
sated heart failure

Among the most 
powerful heart failure 

medications ever 
discovered
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The most powerful 
nephroprotective 
medications ever 

discovered

CANVAS
EMPA-REG

DECLARE-TIMI 58
CREDENCE

G
F

R
 c

a
te

go
rie

s 
m

l/m
in

/1
.7

3 
m

2

Albuminuria categories mg/g

A1:
<30

A2:
30-299

A3:
≥300

<15

≥90

15-29

30-44

45-59

60-90

DAPA-CKD

EMPA-Kidney
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           Irbesartan 5.5
IDNT            Placebo    6.5

     Losartan  4.4
RENAAL Placebo   5.2

CREDENCE   Placebo 4.7
  Cana     3.2

DAPA-Kidney Placebo 3.8
     Dapa      2.9

EMPA-Kidney Placebo 2.9
   Empa     2.1

15

20

25

30

35

0 1 2 3

G
FR

 (
m

l/m
in

)

Years

15.4%

15.4%

31.9%

23.7%

27.6%

DAPA-Kidney Placebo 3.8
     Dapa      2.9

24%
DAPA-Kidney Placebo  3.6

     Dapa      1.7
52%

Chronic slope

Total slope

Total slope Chronic slope
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7 ml/min
3.5 years

15 ml/min
3.5 years

CREDENCE   Placebo 4.7
  Cana     3.2

32%

Total slope

CREDENCE   Placebo  4.2
  Cana      2.0

52.4%

Chronic slope

3 ml/min
3 years

6 ml/min
2 years

EMPA-Kidney Placebo 2.9
   Empa     2.1

EMPA-Kidney Placebo 2
   Empa     1

Chronic slopeTotal slope
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Chronic loss of GFR in 
EMPA-Kidney

1.0 ml/min per year 0.8 ml/min per year

). Age changes in glomerular filtration rate, effective renal plasma flow, and tubular excretory capacity in adult males. The Journal of Clinical Investigation, 29(5), 496–507.

Loss of GFR from 
having a birthday 

(after age 40)

The most powerful 
nephroprotective 
medications ever 

discovered

Among the most powerful 
cardioprotective 
medications ever 

discovered
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EMPA-REG OUTCOME November 26, 2015

DECLARE-TIMI 58 January 24, 2019

CANVAS and CANVAS-R August 17, 2017
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DAPA-HF
DELIVER

DAPA-CKD

EMPEROR Preserved
EMPEROR Reduced

EMPA Kidney

Diabetes (N) No Diabetes (N)

2938 3050

1856 1874

1983 2761

2806 3457

2906 1398

3040 3569

0.75 (0.63-0.90) 0.73 (0.60-0.88)

0.83 (0.70-0.97) 0.81 (0.68-0.96)

0.64 (0.52-0.79) 0.50 (0.35-0.72)

0.79 (0.67-0.94) 0.78 (0.64-0.95)

0.72 (0.60-0.87) 0.78 (0.64-0.97)

EMPEROR Preserved
EMPEROR Reduced

EMPA Kidney

Diabetes (N) No Diabetes (N)

0.64 (0.54-0.77) 0.82 (0.68-0.99)

DAPA-HF
DELIVER

DAPA-CKD
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Kidney Disease Progression

With diabetes 0.62 (0.56-0.68)

Without diabetes 0.69 (0.57-0.69)

Total 0.63 (0.58-0.69)
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The Flozins are not diabetes medications
They are breakthrough cardiorenal 

medicines that just happen to lower the 
blood sugar…a bit.

Unexpected benefits

people in DAPA-CKD had proteinuria without diabetes.

270 of them had IgA Nephropathy  

CKD trial demonstrates the effects of dapagliflozin on major adverse kidney events in patients with IgA nephropathy. Kidney International, 100(1), 215–224.
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thirds of DAPA-CKD had no proteinuria but not diabetes.

270 of them had IgA Nephropathy  

50% decline 
in eGFR

ESKD Death from 
renal disease

HR 0.29

CKD trial demonstrates the effects of dapagliflozin on major adverse kidney events in patients with IgA nephropathy. Kidney International, 100(1), 215–224.

If you add in EMPA-Kidney…

1087 of them had IgA Nephropathy  

50% decline 
in eGFR

ESKD Death from 
renal disease

HR 0.49

inhibitors on kidney outcomes: collaborative meta-analysis of large placebo-controlled trials. The Lancet, 400(10365), 1788–1801.
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At what GFR can you start them?
At what GFR should you stop them?  

EMPA
CANVAS

CREDENCE 30 ml/min per 1.73 m2

DAPA-CKD 25 ml/min per 1.73 m2

EMPA-Kidney
EMPEROR-Reduced 20 ml/min per 1.73 m2

45 ml/min per 1.73 m2

Limit for hypo-
glycemic effect

DAPA-CKD

125
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How deep can you go?

EMPA
CANVAS

CREDENCE 30 ml/min per 1.73 m2

DAPA-CKD 25 ml/min per 1.73 m2

EMPA-Kidney
EMPEROR-Reduced 20 ml/min per 1.73 m2

45 ml/min per 1.73 m2

Limit for hypo-
glycemic effect

Jardiance
Invokana
Invokana

Farxiga

Jardiance
Jardiance

DAPA-CKD 25 ml/min per 1.73 m2

EMPA-Kidney
EMPEROR-Reduced 20 ml/min per 1.73 m2

DAPA-CKD 0 ml/min per 1.73 m2CREDENCE
EMPA-Kidney
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RENAL LIFECYCLE Trial

1500 patients

500 CKD 4 (eGFR <25)

500 Dialysis (500 ml of urine a day)

500 Transplant (eGFR < 45)

Dapa 10 mg or placebo
Anticipated completion January 2026

I initiate Flozins down 
to an eGFR 20 ml/min
and I never stop them
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ACEi/ARB provide remarkable nephroprotection if patients are proteinuric.

No Proteinuria…No Protection

Bangalore, S., Fakheri, R., Toklu, B., & Messerli, F. H. (2016). Diabetes mellitus 
as a compelling indication for use of renin angiotensin system blockers: 

systematic review and meta-analysis of randomized trials. BMJ , 352, i438.

Proteinuria is not important with #Flozins

inhibitors for the prevention of kidney failure in patients with type 2 diabetes: a systematic review and meta-analysis. The Lancet. Diabetes & Endocrinology, 7(11), 845–854.

G
F

R
 c

at
eg

or
ie

s 
m

l/m
in

/1
.7

3 
m

2

Albuminuria categories mg/g

A1 <30 A2 30-299 A3 ≥300

≥90

< 29

30-44

45-59

60-90

Favors SGLT2 inhibitor Favors placebo
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Easy drug
No monitoring

Start it and forget it

Easy drug
No monitoring

Start it and forget it

First follow up visit in 
EMPA-Kidney was 8 

weeks
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Cholesterol
Target LDL, Apo B, Non-HDL

Adjust between normal and high 
potency statins depending on patient 
risk factors, CAC, and LDL. Screen 
for and adjust for myalgia.

Blood Pressure
Home BP monitoringSitting and 

standing BP

Monitor electrolytes 
and kidney function 

Diabetes
Point of care glucose

Juggle multiple medications, often a 
mix of oral and injection formula-
tions, to avoid side effects and 
patient discomfort.

Monitor A1c

SGLT2i
Prescribe the medication. 

What about the acute drops in GFR 
after starting SGLT2i?
EMPA-Reg 28% had >10% drop in GFR
Risk factors: lower GFR, more proteinuria, diuretic use
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What about the acute drops in GFR 
after starting SGLT2i?
CREDENCE 45% had >10% drop in GFR
30% drop in GFR in 1 in 200 people

it seems reasonable to conclude 
that in the majority of patients, 

there is no need to have a 
routine monitoring strategy to 

check kidney function or 
electrolytes, unless there is a 

clinical concern about volume 
depletion in specific individuals

What about acute kidney injury?

CKD) randomized controlled trial on the incidence of abrupt declines in kidney function. In Kidney International. https://doi.org/10.1016/j.kint.2021.09.005

AKI with Placebo

91 4.2%

AKI with DAPA

63 2.9%

Serious AKI with EMPA

107 1.67
Events per 100 pt yrs

Serious AKI with Placebo

135 2.11
Events per 100 pt yrs
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What about acute kidney injury?

specified analysis of the Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD) randomized controlled trial on the incidence of abrupt declines in kidney function. Kidney International.
EMPA-KIDNEY Collaborative Group, Et. al. (2022). Empagliflozin in Patients with Chronic Kidney Disease. NEJM.

63

107

91

135

0 35 70 105 140 175

DAPA-CKD

EMPA-Kidney

Dapagliflozin

Placebo

Placebo

Empagliflozin

canagliflozin (Invokana)
100 mg/d: 7 amputations per 1,000

300 mg/d: 5 amputations per 1,000

Placebo: 3 amputations per 1,000

“…amputations were most commonly 
of the toe and middle of the foot…”

What about amputations?
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29%

“…a higher risk of amputation of toes, feet, or 
legs with canagliflozin than with placebo.” HR 
of 1.97; 95% CI, 1.41-2.75

71%

Empagliflozin did not have an amputation risk

Was this because they weren’t looking?

141
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Any hospital admission during the 
EMPA-REG OUTCOME trial was to 
be reported as a serious adverse 
event. Investigators were asked to 
provide a detailed narrative with 
additional medical information for 
each serious adverse event. 

Inzucchi SE, et al. Empagliflozin and Assessment of Lower-Limb Amputations in the EMPA-REG OUTCOME Trial. Diabetes Care. 2017.

131
Lower Limb 
Amputations

6.5 per 1,000 
patient years

43 Lower Limb Amputations

6.5 per 1,000 
patient years

88 Lower Limb Amputations

Inzucchi SE, et al. Empagliflozin and Assessment of Lower-Limb Amputations in the EMPA-REG OUTCOME Trial. Diabetes Care. 2017.
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131
Lower Limb 
Amputations

CANVAS

6.5 per 1,000 
patient years

6.5 per 1,000 
patient years

6.3

43 Lower Limb Amputations88 Lower Limb Amputations

Amputation risk not seen in CREDENCE
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i predispose to mycotic genital infections. The UTI signal is small.

). Impact of diabetes on the effects of sodium glucose co-transporter-2 inhibitors on kidney outcomes: collaborative meta-analysis of large placebo-controlled trials. The Lancet, 400(10365), 1788–1801.

RR 1.08

RR 1.07

RR 3.57

(1.02-1.15)

(0.90-1.27)

(3.14-4.06)

SGLT2i predispose to mycotic genital infections. The UTI signal is very small.

Placebo Empagliflozen

UTI 18.1% 18.0%

Males 9.4% 10.5%

Females 40.6% 36.4%

Genital infection 1.8% 6.4%

Males 1.5% 5.0%

Females 2.6% 10.0%

EMPA-Reg
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Urogenital infections are associated with urogenital infections not UTI

Placebo
per 1000 patient years

Empagliflozen
per 1000 patient years

P

UTI 37 40 0.38

Mycotic infection 
in women

17.5 68.8 <0.001

CANVAS

Urogenital infections are associated with urogenital infections not UTI

Placebo Canagliflozen CI

UTI 10.1% 11.1% 1.08 (0.90-1.29)

Genital infection

Males 0.2% 1.9% 9.3 (2.83-30.6)

Females 1.4% 2.9% 2.1 (1.00-4.45)

CREDENCE
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Urogenital infections are associated with urogenital infections not UTI

Placebo Dapagliflozen P

UTI 17 (0.7%) 13 (0.5%) 0.38

DAPA-HF

Urogenital infections are associated with urogenital infections not UTI

Placebo Empagliflozen P

UTI 1.6% 1.5% 0.54

Mycotic infection 
in women

0.1% 0.9% <0.001

DECLARE
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Fournier’s gangrene 12 cases

7 men

5 women

1 death

Fournier’s gangrene

Very rare. Of the 90,000 patients 
evaluated in the large RCTs, 
25 cases were documented. 
14 with placebo and 
11 with SGLT2i

Baigent, C., Emberson, J., Haynes, R, Et al. (2022). Impact of diabetes on the effects of sodium glucose co-transporter-2 inhibitors on kidney outcomes: collaborative meta-analysis of large placebo-controlled trials. The Lancet, 400(10365), 1788–1801.
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Fournier’s gangrene

Wang, T., Patel, S. M., Hickman. (2020). SGLT2 inhibitors and the risk of hospitalization for Fournier’s gangrene: A nested case-control study. Diabetes Therapy: Research, Treatment and Education of Diabetes and Related Disorders, 11(3), 711–723.

In nested case control of 216 cases 
5.2 cases per 100,000 patient years

9.2
0.8

4.2% were on Flozens

Odds Ratio 0.55 (0.25-1.18)
Flozens appear 
protective

Euglycemic DKA Slides? 

Erythrocytosis

https://onlinelibrary.wiley.com/doi/full/10.1002/ajh.26933?campaign=wolearlyview
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Hints from a flozinator

Every morning, when I look 
in the mirror, I ask myself, 
“Are you a Flozinator?”

–Matt Sparks

Patients get more diuresis with higher 
degrees of glycemia. None of the large 
RCTs enrolled patients with A1c over 12.

This is a drug that saves hearts and 
kidneys; your goal is to make it as toler-
able as possible. Save it until there is 
reasonable glycemic control.

Hints from a flozinator
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Don’t introduce it as a new medication. 

It is a medication that has been around for 
a decade (2013), that we are now 
recognizing as the most powerful kidney 
protective medication ever discovered; and 
is also among the most powerful 
cardioprotective medications.

Hints from a flozinator

It is based on a molecule initially isolated 
from apple bark. I don’t know why but that 
really resonates with some people. 

Hints from a flozinator

159

160



10/13/2023

81

Bloomberg
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Bloomberg

Bloomberg
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Morgan Stanley has projected that 24 million people, or nearly 

7% of the U.S. population
will be taking such medications by 2035

WSJ

Humility
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GLP-1
Incretin

insulin
glucagon

gastric 
emptying

Appetite

DPP-4
enzyme

GLP-1 agonists and DPP-4 inhibitors

Proglucagon mRNA

Glucagon GLP-1 IP-2 GLP-25’-UTR IP-1Sig Pep 3’-UTRGRPP

Proglucagon gene

Exon 1 Exon 6Exon 2 Exon 3 Exon 4 Exon 5

Transcription

Translation

GRPP Glucagon IP-1 GLP-1 IP-2 GLP-2

Proglucagon
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Intestine PC1 Pancreas PC2

GRPP Glucagon IP-1

Glucagon IP-1

GLP-1

IP-2

GLP-2

Glucagon

GLP-1 IP-2 GLP-2

Prohormone convertase
Neuroendocrine L-cell

Prohormone convertase
Alpha cells

Major proglucagon fragment

GRPP

Glicentin-related pancreatic peptide

IP-1

Intervening peptide-1

Glicentin

Oxyntonmodulin

GRPP Glucagon IP-1 GLP-1 IP-2 GLP-2

Proglucagon

Short gut syndrome
Increases intestinal absorption (taduglutide)

GLP-1
Insulin Secretion

Insulin production
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GLP-1 mimetics

Islet function

Restore normal 
morphology

171

172



10/13/2023

87

GLP-1 is rapidly broken down by DPP-4 requiring 
continuous infusion for biological activity

Exendin-4 isolated from the salivas of the gila monster 
lizard is a potent GLP-1 receptor agonist

Exendin-4
Substitution of Ala2 with Gly2 

made it resistant to DPP

Further engineering made it 
resistant neprolysn and 
allowed for twice daily dosing
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DPP-4 inhibitors came to market 
in 2007

Exendin-4 was brought to market as exenatide (Byetta

Lets start with semaglutide
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Semaaglutide
SUSTAIN-6

Cardiovascular 
outcome trial 
(CVOT)

Marso, S. P., Bain, S. C., Consoli, A., & SUSTAIN-6 Investigators. (2016). Semaglutide and Cardiovascular 
Outcomes in Patients with Type 2 Diabetes. The New England Journal of Medicine, 375(19), 1834–1844.

3297 patients

A1c 8.7%

20 Countries

64.6±7.4 yrs

92.1±20.6 kg
Semaaglutide
SUSTAIN-6

Cardiovascular 
outcome trial 
(CVOT)

Marso, S. P., Bain, S. C., Consoli, A., & SUSTAIN-6 Investigators. (2016). Semaglutide and Cardiovascular 
Outcomes in Patients with Type 2 Diabetes. The New England Journal of Medicine, 375(19), 1834–1844.

2.1 years 
follow-up

CV disease, CV 
risk factors or CKD 
3

177

178



10/13/2023

90

CV disease, CV 
risk factors or CKD 
3

3297 patients

A1c 8.7%

20 Countries

Semaglutide 
1.0 mg 
N=822

Semaglutide 
0.5 mg 
N=826

Placebo 
1.0 mg
N=825

Placebo
0.5 mg
N=824

64.6±7.4 yrs

92.1±20.6 kg

108 
6.6%

146
8.9%

0.74 (0.58–0.95)

CV

CV death, non-fatal MI, non-fatal stroke

Semaglutide 
1.0 mg 
N=822

Semaglutide 
0.5 mg 
N=826

Placebo 
1.0 mg
N=825

Placebo
0.5 mg
N=824

87.2 

88.5 

91.4 

91.6 

7.3%

7.6%

8.3%

8.3%

108 
6.6%

146
8.9%

130.3

132.2

132.8

133.5

0.74 (0.58–0.95) Baseline 92.1 Kg               8.7%                       135.6

CV death, non-fatal MI, non-fatal stroke Weight A1c Systolic BP

CV
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Semaglutide 
1.0 mg 
N=822

Semaglutide 
0.5 mg 
N=826

Placebo 
1.0 mg
N=825

Placebo
0.5 mg
N=824

Serious Adverse Event 

25.2%

24.2%

23.5%

26.2%

GI Disorders

52.3%

50.7%

35.2%

35.7%

6

3

9

3

Acute pancreatitis Gall bladder disorders

3.9%

3.2%

2.8%

4.6%

Semaglutide 
1.0 mg 
N=822

Semaglutide 
0.5 mg 
N=826

Placebo 
1.0 mg
N=825

Placebo
0.5 mg
N=824

Cancer

4.9%

3.1%

4.2%

4.2%

Pancreatic cancer

1

0

2

2

Thyroid cancer

0

0

0

0
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October 5, 2023

“Randomized trials examining 
efficacy of GLP-1 agonists for 
weight loss were not designed to 
capture these events due to small 
sample sizes and short follow-up.”

Semaglutide N=613
Duration of follow-up, 0.6 years 

SUSTAIN-6 had 1648 for 2.1 years  

Leader had 4668 for 3.8 years  

Liraglutide N=4144
Duration of follow-up, 1.7 years 

Sodhi, M., Rezaeianzadeh, R., Kezouh, A., & Etminan, M. (2023). JAMA
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CV disease, CV 
risk factors or CKD 
3

9340 patients

A1c 8.7%

32 Countries

64.3±7.2 yrs

91.7±21.0 kgLiraglutide

LEADER

Cardiovascular 
outcome trial 
(CVOT)

3.8 years 
follow-up

Marso, S. P., LEADER Steering Committee, & LEADER Trial Investigators. (2016). Liraglutide and 
Cardiovascular Outcomes in Type 2 Diabetes. The New England Journal of Medicine, 375(4), 311–322.

Marso, S. P., LEADER Steering Committee, & LEADER Trial Investigators. (2016). Liraglutide and 
Cardiovascular Outcomes in Type 2 Diabetes. The New England Journal of Medicine, 375(4), 311–322.

Liraglutide 
0.6-1.8 mg 

N=4668

Placebo
N=4672

608 
13.0%

694
14.9%CV disease, CV 

risk factors or CKD 
3

9340 patients

A1c 8.7%

32 Countries

64.3±7.2 yrs

91.7±21.0 kg

CV death, non-fatal MI, non-fatal stroke

0.87 (0.78–0.97)
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Liraglutide 
0.6-1.8 mg 

N=4668

Placebo
N=4672

608 
13.0%

694
14.9%

219 
4.7%

278
6.0%

CV

381 
8.2%

447
9.6%

0.87 (0.78–0.97) 0.78 (0.66–0.93) 0.85 (0.74–0.97)

CV death, non-fatal MI, non-fatal stroke CV death Death from any cause

Marso, S. P., LEADER Steering Committee, & LEADER Trial Investigators. (2016). Liraglutide and 
Cardiovascular Outcomes in Type 2 Diabetes. The New England Journal of Medicine, 375(4), 311–322.

9901 patients

A1c 7.4%

24 Countries

66.2±6.5 yrs

CV disease, CV 
risk factors or CKD 
3

BMI 32.3Dulaglutide

REWIND

Cardiovascular 
outcome trial 
(CVOT)

Gerstein, REWIND Investigators. (2019). Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): 
a double-blind, randomised placebo-controlled trial. The Lancet, 394(10193), 121–130.

5.4 years 
follow-up
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9901 patients

A1c 7.4%

24 Countries

66.2±6.5 yrs

CV disease, CV 
risk factors or CKD 
3

BMI 32.3

Placebo
N=4672

Dulaglutide 
1.5 mg 

N=4949

Gerstein, REWIND Investigators. (2019). Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): 
a double-blind, randomised placebo-controlled trial. The Lancet, 394(10193), 121–130.

608 
13.0%

694
14.9%

0.88 (0.79–0.99)

CV death, non-fatal MI, non-fatal stroke

Placebo
N=4672

608 
13.0%

694
14.9%

158 
3.2%

205
4.1%

910 
18.4%

1019
20.6%

Dulaglutide 
1.5 mg 

N=4949

Gerstein, REWIND Investigators. (2019). Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): 
a double-blind, randomised placebo-controlled trial. The Lancet, 394(10193), 121–130.

0.88 (0.79–0.99) 0.76 (0.61–0.95) 0.87 (0.79–0.95)

CV death, non-fatal MI, non-fatal stroke non-fatal stroke Microvascular complications
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At this time we do not have kidney 
specific trials, however we do have 
the CVOT that recorded renal 
outcomes.

REWIND 
Dulaglutide New albuminuria 

(>300 mg/g)
⬇eGFR >30% Initiation 

of KRT

HR 0.85
0.77-0.93

EXCEL 
Exenatide

New albuminuria 
(>300 mg/g)

HR 0.87
0.70-1.07

ELIXA 
Lixisenatide

Albuminuria
uACR 31.2%

↓68.5 to ↓9.8%
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192



10/13/2023

97

ELIXA 
Lixisenatide

Albuminuria
uACR 31.2%

↓68.5 to ↓9.8%

LEADER 
Liraglutide New 

albuminuria
2x sCR Initiation 

of KRT

HR 0.78
0.67-0.92Kidney 

death

SUSTAIN-6 
Semaglutide

HR 0.64
0.46-0.88

New 
albuminuria

2x sCR +
eGFR < 45

Initiation 
of KRT

LEADER
75% eGFR > 60
11% with albuminuria 

SUSTAIN-6
70% eGFR > 60
? with albuminuria 

REWIND
80% eGFR > 60
34% with albuminuria G

F
R

 c
a

te
go

rie
s 

m
l/m

in
/1

.7
3 

m
2

Albuminuria categories mg/g

A1:
<30

A2:
30-299

A3:
≥300

<15

≥90

15-29

30-44

45-59

60-90
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FLOW is an RCT of semaglutide in 
patients at high risk of kidney 
outcomes. Expect results in 2024

N=3534

5 years

47 ml/min

568 mg/g

Semaglutide (1 mg)  
vs placebo

Kidney 
failure

≥50% 
 eGFR

CV or 
kidney 
death

Rossing, P. (2023). The rationale, design and baseline data of FLOW, a kidney outcomes trial with once-weekly semaglutide 
in people with type 2 diabetes and chronic kidney disease. Nephrology, Dialysis, Transplantation 38(9), 2041–2051.
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FLOW is positive

Full results in 
early 2024

10/10/23

GSK was suppressing studies showing decreased 
effectiveness and an increased risk of suicide in young 
people
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GSK was suppressing studies showing decreased 
effectiveness and an increased risk of suicide in young 
people

GSK was suppressing studies showing decreased 
effectiveness and an increased risk of suicide in young 
people

SGLT2i

GLP2ra
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Finerenone

Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion
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Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

ACEi

Captopril Collabortive Group

REIN 
Guangzhou

Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

ARB

IDNT and RENAAL
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Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

ARB

VA Nephron D

ACEi

Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

ARB

ALTITUDE

Direct 
Renin 
inhibitors

ACEi
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Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

Aldosterone
• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

ARB

ACEi

MRA

Small, short, and 
underpowered 

ACEi inhibitors are nephroprotective

ARB inhibitors are nephroprotective

Duel blockade of the renin angiotensin 
aldosterone system is problematic
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Direct Renin 
inhibitors

ACEi

ARB

Angiotensinogen

Angiotensin 1 Angiotensin 2

Aldosterone
MRA

• Vasoconstriction 
(renal and 
peripheral)

• Sodium retention

• Catecholamine 
release

• Cardiac remodeling

• Fibrosis

ARB

• Cardiac fibrosis

• Sodium retention

• Potassium 
excretion

• Hydrogen excretion

Angiotensin 2

ACE

Angiotensin 1

renin

Angiotensinogen
Direct 
Renin 
inhibitors

• Vasoconstriction

• Sodium retention

• Catecholamine release

• Cardiac remodeling

• Fibrosis

ACEi

Aldosterone

ARB

• Cardiac fibrosis

• Sodium retention

• Potassium excretion

• Hydrogen excretion

MRA

ACEiACEi
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Chung, E. Y., Ruospo, M. (2020). Cochrane Database of Systematic Reviews , 10(10), CD007004.

Spironolactone and ACEi/ARB
N Relative Risk GRADE

84 3.0 (0.33-27.65) Very lowKidney 
failure

421 0.58 (0.10-3.50) Low
Death

1067 0.95 (0.26-3.56) LowCV 
events

3001 2.17 (1.47-3.22) ModerateHyper-
kalemia

1446 2.04 (1.05-3.97) ModerateAKI

Worse than placebo No different than placebo
27

28

29

30

31

0 6 12 18 24 30

eG
F

R

Months

EMPHASIS-HF TOPCAT

annad, F., & Solomon, S. D. (2022). Effects of steroidal mineralocorticoid receptor antagonists on acute and chronic estimated glomerular filtration rate slopes in patients with chronic heart failure. European Journal of Heart Failure, 24(9), 1586–1590.

N=2743, 18 months  eplerenone v placebo, HFrEF N=3445, 33 months  spironolactone v placebo, HFpEF

211

212



10/13/2023

107

R
at

io
 o

f 
d

e
lta

 a
lb

um
in

u
ria

Finerenone
Non-steroidal MRA

No sexual side effects, 
More cardioselective, 
No active metabolites, shorter acting

Bakris, G. L., Agarwal, R., Chan, Et al. (2015). Effect of Finerenone on Albuminuria in Patients With Diabetic Nephropathy: A Randomized Clinical Trial. JAMA, 314(9), 884–894.

823 people

Diabetes

200 mg/g

90 days

Non-steroidal MRA
No sexual side effects, 
More cardioselective, 
No active metabolites, shorter acting

Bakris, G. L., Agarwal, R., Chan, Et al. (2015). Effect of Finerenone on Albuminuria in Patients With Diabetic Nephropathy: A Randomized Clinical Trial. JAMA, 314(9), 884–894.

90 days

Finerenone

213

214



10/13/2023

108

FidelioFinerenone Phase 3

A., & Filippatos, G. (2020). Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 Diabetes. The New England Journal of Medicine. https://doi.org/10.1056/NEJMoa2025845

Fidelio
Type 2 Diabetes

300-5000 mg/g
GFR 25-74

Potassium ≤ 4.8

30-300 mg/g, 
GFR 25-59, 
retinopathy

65.5 years

70% male

GFR 44
52% 25-44

Diuretics 57%

Inclusion Results 
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Fidelio
Type 2 Diabetes

300-5000 mg/g
GFR 25-74

Potassium ≤ 4.8

30-300 mg/g, 
GFR 25-59, 
retinopathy

4-16 week run-in to
maximize ACE/ARB

Then re-screened 

Fidelio

4-16 week run-in to
maximize ACE/ARB

Then re-screened 

10 mg eGFR < 60

20 mg eGFR ≥ 60

10 mg eGFR < 60

20 mg eGFR ≥ 60

Finerenone
N=2866

Placebo
N=2868
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Fidelio

17.8%

21.1%
hazard ratio 0.82 

(0.73-0.93; P = 0.001)

10 mg eGFR < 60

20 mg eGFR ≥ 60

10 mg eGFR < 60

20 mg eGFR ≥ 60

Finerenone
N=2866

Placebo
N=2868

Composite Outcome

Death, Dialysis, 40%⬇eGFR

2.6 years

Figaro

12.4%

14.2%
hazard ratio 0.87 

(0.76-0.98; P = 0.03)

10 mg eGFR < 60

20 mg eGFR ≥ 60

10 mg eGFR < 60

20 mg eGFR ≥ 60

Finerenone
N=3686

Placebo
N=3666

Composite Outcome

CV Death, MI, CVA, Heart Failure

3.4 years
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Fidelio

17.8%

21.1%

Composite Outcome

Death, Dialysis, 40%⬇eGFR

CV death, MI, CHF, CVA

hazard ratio 0.82 
(0.73-0.93; P = 0.001)

Potassium

Finerenone

N=2866

Placebo

N=2868

>5.5

21.7%

9.8%

>6.0

4.5%

1.4%

K-Binders

10.8%

6.5%
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Blood pressureFidelio

Finerenone Placebo
-3.0 -2.1 -0.1 +0.9

1 month 6 month 1 month 6 month

Williams, B. (2015). Spironolactone versus placebo, bisoprolol, and doxazosin to determine the optimal treatment for drug-
resistant hypertension (PATHWAY-2): a randomised, double-blind, crossover trial. The Lancet, 386(10008), 2059–2068.

Blood pressureFidelity

Matched 
to AMBER

AMBER
Spironolactone + patiromer for 
resistant hypertension with CKD 
(eGFR 25-45) and potassium 4.3-
5.1

-1 -11-7 -12

-15

-12

-9

-6

-3

0

FIDELITY Subgroup AMBER

C
h

an
ge

 in
 S

B
P

Placebo
Spiro + 
Placebo

Spiro + 
PatiromerFinerenone
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Blood pressureFidelity

-1 -11-7 -12

-15

-12

-9

-6

-3

0

FIDELITY Subgroup AMBER

C
h

an
ge

 in
 S

B
P

Placebo
Spiro + 
Placebo

Spiro + 
PatiromerFinerenone

3%

64%

12%

35%

0%

20%

40%

60%

80%

FIDELITY Subgroup AMBER

In
ci

de
nc

e 
of

 K
 ≥

5.
5

Placebo
Spiro + 
Placebo

Spiro + 
PatiromerFinerenone

CV disease/risk? A1c increased? GLP1ra
Initiate RASi
Then add Flozins
Then maximize RASi
Then optimize BP
Then assess, “Residual albuminuria?” 
Potassium less than 4.8?
Then finerenone
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A new era in diabetic kidney disease with unprecedented optimism 

Gila monster saliva

It is an incretin 

L cwell of the go tract

Receptors located every where heart, liver, gut, pancrewatitysm. Heart
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Decreased thirsty plus diuretic eff4ect, bad combination?

GIP another incretin twincretinb single molercukle hits both 

5-10% weight loss is good

Minimal hypoglycemia

Use in alcoholism?

Less weight loos with dm
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https://twitter.com/elonmusk/status/1576198504913199104
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Receptors on the SA node. 
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Loss of muscle mass is major confounder
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