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Goals

• Recognize the risks of diabetes and chronic kidney disease (CKD)

• Identify the roles of albuminuria and GFR slope in identifying
at risk patients earlier in the course of CKD

• Raise awareness of CKD as a significant cardiovascular risk

• Recognize sodium glucose cotransporter-2 (SGLT2) inhibitors as a
     potential new standard-of-care in the treatment of CKD 

• Discuss SGLT2 inhibitor side effects and implementation into clinical practice



Case 

A 60 years old patient is concerned 
they might have CKD.  eGFRCr, 
eGFRCys,  and measured urine CrCl 
are all above 60 ml/minute.  

There is no proteinuria by urinalysis.

Clutching their chest, they voice 
concern,  “I don’t want to have…. The 
Big One”.



What is the most common cause of death in patients eGFR > 60 ml/min?

A. Infection

B.  Cancer

C. Cardiac disease

D. Stroke

E. GI bleeding
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Thompson;  CJASN; 8: 371– 381, Oct 2015

”CKD dies from CAD”
Major cardiac event equivalent

CKD is a cardiac risk factor

* Ischemic heart disease

Cancer

Cardiac

Alberta, Canada
~85,000 deaths
2002-2009



Case 

A 60 years old patient is concerned 
they might have CKD.  eGFR, eGFRCys,  
and urine CrCl are 35 ml/minute.  

There is proteinuria by urinalysis.

Clutching their chest, they voice 
concern,  “I don’t want to have…. The 
Big One”.

Risk factors for The Big One are very 
high
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Chronic Kidney Disease Spans the Globe



The Enormity of Diabetes and CKD

Tuttle KR et al. CJASN 2022;17:1092-1103





CKD dies from CAD

Lai, AC, et al, JACC, March 2021

IDH = Intradialytic hypotension

ESRD = Small Survivor Cohort



Diabetes 

Amyloid

Alport’s

Syndrome

Minimal Change

Focal Sclerosis

Membranous

Post Infectious

MPGN

IgA Rapidly Progressive GN

Nephrotic

Nephritic

Proteinuria ~ 3 grams +;

RBC negative

Proteinuria ~ 1-3 

grams;

RBC positive

Foot Process Effacement

Sclerosis

Subepithelial Deposits

Hypocomplementemia

Mesangial

expansion
Crescents

Anti-GBM

ANCA vasculitis

SLE Class IV (DPGN)

IgA vasculitis (Henoch Schoenlein)
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Common Glomerular Disorders

Henry Mroch, MD 2020



Normal kidney morphology and 
structural changes in diabetes mellitus 

Radica Z. Alicic et al. CJASN



The Faces of the Enemy:
Diabetic glomerulopathy

Radica Z. Alicic et al. CJASN

Microalbuminuria

Macroalbuminuria

Normal

Glomerulosclerosis
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“The luckier ones
 make it to dialysis...”

Go, et al
NEJM 2004, 351: 1296



Diabetic Kidney Disease Risks

• Progress to ESRD (10 %).
• Dialysis 

• Kidney transplant

• Die of other causes without 
reaching ESRD (90 %).

• CVD    1/2

• Infections    1/3

Alicic RZ, Rooney MT, Tuttle KR. CJASN 2017;12:2032-2045
2020 United States Renal Data System Annual Report



Development of CKD in Diabetes: 
A Serious Matter 

• Diabetes prevalence in US patients with ESKD is 66-86% 

• US prevalence of ESKD >doubled to ~800,000 in 2000-2019, 
primarily driven by diabetes 

• Most of diabetes-related excess risk for all-cause and CVD 
mortality occurs in people with CKD

Burrows NR et al. MMWR Morb Mortal 
Wkly Rep 2022;71:412-415
Alicic RZ et al. CJASN 2017;12:2032-2045
Afkarian M et al. JASN 2013;24:302-308



Barriers to the Prevention of CKD

Before we can prevent, preserve, or treat, 
we need a diagnosis.

How should we test?

• Serum creatinine for kidney function
• Albuminuria for kidney damage



Awareness and 
Detection of CKD

Tuttle, KR et al, JAMA Online, 2019

• Providence & UCLA Health Systems
• Electronic health records
• Jan 2006- Dec 2017
• 2.6 million adults and children

• 600,000 with CKD

• Pressing need for improvement in CKD 
prevention, recognition, and treatment.

• Nephrotoxic medication use was widespread.



Screen for CKD with GFR and Albuminuria

KDIGO, 2021



A familiar case
64 years, male, IgA nephropathy on biopsy 10 years ago.
T2DM diagnosed 4 years ago
CKD/DKD G3aA3
eGFR 47 ml/min, UACR 1.6 g/g
BP 145/87 mmHg
BMI 32
HgbA1C 7.9%
Hgb 11.8
Non-smoker, struggles with lifestyle, takes 6 pills/day

Current treatment with:

Losartan 100 mg/d
Amlodipine 5 mg/d
Atorvastatin 10 mg/d
Aspirin 81 mg/d
Metformin 2 g/d
DPP4 inhibitor

GOLD STANDARD:  Glucose control, RAAS inhibition, BP control



Goal:  Changing the Slope with Intervention
Buying patients time…

Wilmer, W et al, JASN 2003; 14:3217-3232



ACE/ARB Trials showed little or no CV benefit in 
T2DM + CKD

1990’s – 2000’s
• RAAS inhibition
• Sugar control
• BP control



2015 - the eGFR Narrative Changed



A simple drug for diabetes…

• 1835: Phlorizin isolated from bark of apple trees
• 1866: High doses of phorizin led to glucosuria in dogs
• 1960: Phlorizin inhibits renal glucose reabsorption
• 1997: Phlorizin in mice blocked increase in blood glucose
• 1999: Phlorizin analogues developed
• 2003: SGLT2 inhibitor first tested in humans
• 2012: First SGLT2 inhibitor approved for use in humans (dapagliflozin)

HgbA1C   – 0.6%



Robert Crane, 1960

Frontiers in Physiology website





SGLT2 Trials in CKD

Heerspink et al, NDT, 2020

2022

2019

2020



EMPA-REG and CREDENCE
eGFR over Time in Type 2 Diabetes

Wanner C et al. N Engl J Med 2016;375:323-334 Perkovic V et al. N Eng J Med 2019;380:2295-2306



2019 CREDENCE - Canagliflozin reduces loss of GFR

DIALYSIS



Dapagliflozin slows the loss of GFR in diabetic and non-diabetic CKD

DAPA-CKD



A familiar case - Goals

68 years, male, IgA nephropathy
T2DM diagnosed 4 years ago
CKD/DKD G3aA3
eGFR 49 ml/min, UACR 1.6 g/g
BP 145/87 mmHg
BMI 32
HgbA1C 7.9%
Hgb 11.8
Non-smoker, struggles with lifestyle, takes 6 pills/day

Current treatment with:

Losartan 100 mg/d
Amlodipine 5 mg/d
Atorvastatin 10 mg/d
Aspirin 81 mg/d
Metformin 2 g/d
SGLT2 inhibitor

FLOZINATE !!



Holistic approach for improving outcomes with 
diabetes and CKD

de Boer, et al, June 2022, American Diabetes Association, KDIGO Consensus Report



Risk Mitigation for Side Effects of 
SGLT2 inhibitors

KDIGO 2020 Clinical Practice Guideline for Diabetes Management in CKD. Kidney Int 2020;98:S1-S115.

Adverse Events Potential Mitigating Strategies

SGLT2 Inhibitors
Genital mycotic infections o Daily hygiene to keep genital area clean and dry

Volume depletion o Diuretic dose reduction in patients at risk for hypovolemia
o Hold SGLT2 inhibitors during acute illness (nausea, vomiting, diarrhea)
o Implement sick day protocol

DKA o Educate patients on early recognition
o “STOP DKA” protocol (stop SGLT2 inhibitor, test for ketones, maintain fluid and 

carbohydrate intake, insulin)

Amputation o Encourage foot self-examinations 
o Examinations by healthcare professionals at each visit

Hypoglycemia o Dose adjustment of insulin and insulin secretagogues with maintenance of at 
least low dose insulin to avoid DKA



Reported adverse effects associated with sodium-glucose cotransporter 2 inhibitor (SGLT2i) use 

include euglycemic diabetic ketoacidosis, limb amputation, AKI, UTI, and genital infections. 

Niralee Patel et al. Kidney360 2021;2:1174-1178

©2021 by American Society of Nephrology



Risk Mitigation for Side Effects of 
SGLT2 inhibitors

KDIGO 2020 Clinical Practice Guideline for Diabetes Management in CKD. Kidney Int 2020;98:S1-S115.
Li J, et al. CJASN 2020;15:1678-1688

Adverse Events Potential Mitigating Strategies

SGLT2 Inhibitors
Genital mycotic infections o Daily hygiene to keep genital area clean and dry

Volume depletion o Diuretic dose reduction in patients at risk for hypovolemia
o Hold SGLT2 inhibitors during acute illness (nausea, vomiting, diarrhea)
o Implement sick day protocol

DKA o Educate patients on early recognition
o “STOP DKA” protocol (stop SGLT2 inhibitor, test for ketones, maintain fluid 

and carbohydrate intake, insulin)

Amputation o Encourage foot self-examinations 
o Examinations by healthcare professionals at each visit

Hypoglycemia o Dose adjustment of insulin and insulin secretagogues with maintenance of 
at least low dose insulin to avoid DKA



SGLT2 Inhibitors Reduce Risk of 
Acute Kidney Injury

Neuen BL, et al. Lancet Diabetes Endocrinol 2019;7:845-854



SGLT2 Inhibitors
Cardiovascular Trials in Type 2 Diabetes

• Reduce risk of major adverse CVD Events.
• Heart failure (empagliflozin, canagliflozin, dapagliflozin)

• Atherosclerotic CVD (3-point MACE: myocardial infarction, stroke, CVD death)

• CVD death (empagliflozin, dapagliflozin)

• Decrease macroalbuminuria, eGFR decline, and kidney failure.

• CVD and CKD benefits are present in patients with CKD.



Alicic RZ, Johnson EJ, Tuttle KR. Am J Kidney Dis 2018;72:267-277
Scheen AJ; Circ Res 2018;122:1439-1459
Tuttle KR et al. Am J Kidney Dis. 2021;77:94-109

Cardio-Metabolic-Kidney Syndrome 
Mechanisms of SGLT-2 Inhibition for Kidney and Heart Protection



Figure 2 

American Journal of Kidney Diseases 2021 77280-286DOI: (10.1053/j.ajkd.2020.04.016) 

Copyright © 2020 The Authors Terms and Conditions

ANEMIA

http://www.elsevier.com/termsandconditions


Eur Heart J, Volume 42, Issue 48, 21 December 2021, Pages 4902–4904

The unfolding story for SGLT2 inhibitors in 
CKD, and not only for diabetics ...



The Future (?):   SGLT2 inhibitors in Cirrhosis



The Future (?):   SGLT2 inhibitors ESRD



A truly 
remarkable 
journey

• In 2021, 4.4 papers on SGLT2 
inhibitors were published per day

• In less than 8 years:

• Fringe hypoglycemic agent in 
type 2 DM

• Major player in cardiac 
protection and HF treatment

• Major player in both diabetic 
and non-diabetic CKD protection

• Future uses…
 



A B C D E

Screening and Monitoring CAD and CKD 



A B C D E

Treatment of CAD and CKD 



Take Home Points

• SGLT2 inhibitors along with a conventional ACE inhibitor 
or an ARB, are now guideline recommended therapies for 
CKD in type 2 diabetes. 

• SGLT2 inhibitors should be implemented across a wide 
spectrum of patients with CKD (+/- DM2) and CAD

• CKD risk assessment and monitoring by both eGFR and 
albuminuria is necessary for delivering guideline-directed 
medical therapies.



THANK YOU!

GO FORTH, 
AND BECOME A…
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