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Objectives 
• Describe SGLT2-I for 2 diabetes in terms 

of mechanism of action, efficacy, side 
effects, CV/renal disease benefit, and 
use in liver/NASH

• Discuss side-effect profile and risk with 
patient

• Translate to use in patients with renal 
disease, heart failure and CV disease
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Cardiovascular complications are the main cause of mortality in diabetes

Patients with microvascular complica t ions due to T2D are more like ly to have a major CV event1

Hyperglycaemia has a causa l e ffect on the risk  of major CV events 2

Chronic hyperglycaemia is a s s ocia ted with  low-grade  inflammation and acce le ra ted   a theroscleros is 3

Brain
4x

Higher risk of coronary
artery disease and stroke

For every 1% increase in

HbA 1c, the risk of stroke

is increased by up to
30% 5

Adapted from American Association of Clinical Endocrinology (AACE)

Heart
2/3

Of deaths in T2D are 
attributable to CV disease 7

2-6x higher risk of 
mortality from CV events 8

2.5x
Higher risk of developing 

congestive heart 
failure 9

PAD
1/3

of patients with T2D  
over 50 years of age  

have PAD. 
This increases the risk 

of heart attack and 
stroke 6
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• Canagliflozin (Invokana)

• Dapagliflozin (Farxiga)

• Empagliflozin (Jardiance)

• Ertugliflozin (Steglatro )

Sodium-Glucose Cotransporter 2 (SGLT2) Inhibitors

Currently available :

• Sotogliflozin (Zynquista ) – SGLT2/SGLT1

• Ipragliflozin 

• Luseogliflozin

• Tofogliflozin 

Not available :
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• Selectively blocks SGLT2 transporter 

responsible >90% of nephron glucose

reabsorption

• ↓g lu co s e a nd  s odium a bs orp t ion  ->  

g lycos ur ia , natriures is .

• ↑ Hype rg lyce mia  =  ↑ glycos ur ia

• Minimal ris k o f hyp og lyce mia a s SGLT2i 

a c t ion is inde pe nd e n t o f insulin

Adapted from American Association of Clinical Endocrinology (AACE). Heerspink HJL. Circulation. 2016;134:752 –772

SGLT2 inhibitors: Physiologic Actions
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Mechanisms for Cardioprotection
• Reduce preload (↓hypertension) a nd a fte r loa d (↓ce nt ra l ve nous  p re s s ure )

• Imp rove d ant i- infla mmatory vs . p ro- infla mma tory c yt o kin e

• Re d u c e d  c a rd ia c fib ros is

• In c re a s e d he ma tocr it , e rythropoie t in p ro d u c t io n

• Imp rove d c a rd ia c m e t a b o lic e ffic ie n c y

Mechanisms for Renoprotection
• Glyco s u r ia

• Natriures is

• De c re a s e d  glomerula r p re s s ure

• Re d u c e d a lbuminuria

SGLT2 inhibitors
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Benefits of SGLT2inhibitors

Joshi SS, et al. Heart 2021;107:1032-1038.
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Benefits of SGLT2inhibitors

Adapted from Joshi SS, et al. Heart 2021;107:1032-1038.
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• SGLT1 absorbs glucose in small intestine, 

contributes to reabsorption of nephrotic 

glucose

• All SGLT2i are selective blockers – some 

SGLT1i antagonism

Tahrani AA, et al. Lancet Diab Endocrin 201;1:140 -51. Cinti F, et al. Drug Design DevelTherapy 2019;11:2095 -19.

SGLT2 & SGLT1 – Additive Benefits?

Molecule SGLT2 
(IC50 nM)

SGLT1 
(IC50 nM)

SGLT2 selectivity 
over SGLT1

Empagliflozin 3.10 8,300 ~2,500 – fold

Ertugliflozin 0.87 1,960 ~2,000 – fold

Dapagliflozin 1.20 1,400 ~1,200 – fold

Canagliflozin 2.70 710 ~250 – fold

Sotagliflozin 1.80 36 ~20 – fold



Empa
Cana
Dapa

Zelniker TA, et al. Lancet 2018;393:31-39.

SGLT2 Inhibitors: Outcome Trials

Major Adverse Cardiovascular Events

Cana
Dapa
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Zelniker TA, et al. Lancet 2018;393:31-39.

SGLT2 Inhibitors: Outcome Trials

MACE Components
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SGLT2 Inhibitors: Outcome Trials

Hospitalization for Heart Failure and CV Death

Zelniker TA, et al. Lancet 2018;393:31-39.

Empa
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Dapa
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Dapa
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SGLT2i: Improves major cardiac events, 
especially hospitalization from heart failure

How about patients with heart failure?
Preserved and reduced LV ejection fraction?

12



Cana
Dapa
Dapa
Empa
Empa
Soto
Ertu

TsampasianV, et al. Cardiol Res Pract 2021; doi: 10.1155/2021/9927533

SGLT2 Inhibitors: Outcome Trials with HF

All Cause Mortality
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SGLT2 Inhibitors: Outcome Trials with HF

TsampasianV, et al. Cardiol Res Pract 2021; doi: 10.1155/2021/9927533

Heart Failure Hospitalization
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SGLT2 Inhibitors: Outcome Trials with HF

Heart Failure Hospitalization by Diabetic Status

TsampasianV, et al. Cardiol Res Pract 2021; doi: 10.1155/2021/9927533
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SGLT2 Inhibitors: Outcome Trials with HF

CV Death by Diabetic Status

TsampasianV, et al. Cardiol Res Pract 2021; doi: 10.1155/2021/9927533

Presenter
Presentation Notes
Presenter
2021-04-09 22:33:16
--------------------------------------------
Zinman B, Wanner C, Lachin JM,   FitchettD, Bluhmki E, Hantel S,  Mattheus M, Devins T, Johansen  OE, Woerle HJ, Broedl UC,  Inzucchi SE; EMPA-REG  OUTCOME Investigators.  Empagliflozin, Cardiovascular  Outcomes, and Mortality in Type  2 Diabetes. N Engl J Med. 2015  Nov 26;373(22):2117-28. Neal B,  Perkovic V, Mahaffey KW, de  Zeeuw D, Fulcher G, Erondu N,  Shaw W, Law G, Desai M,  Matthews DR; CANVAS Program  Collaborative Group.  Canagliflozin and Cardiovascular  and Renal Events in Type 2  Diabetes. N Engl J Med. 2017  Aug 17;377(7):644-657.
Wiviott SD, Raz I, Bonaca MP, Mosenzon  O, Kato ET, Cahn A, Silverman  MG, Zelniker TA, Kuder JF,  Murphy SA, Bhatt DL, Leiter LA,  McGuire DK, Wilding JPH, Ruff  CT, Gause-Nilsson IAM,  Fredriksson M, Johansson PA,  Langkilde AM, Sabatine MS;  DECLARE–TIMI 58  Investigators. Dapagliflozin and  Cardiovascular Outcomes in  Type 2 Diabetes. N Engl J Med.  2019 Jan 24;380(4):347-357.  Cannon CP, Pratley R,  Dagogo-Jack S, Mancuso J,  Huyck S, Masiukiewicz U,  Charbonnel B, Frederich R, Gallo  S, Cosentino F, Shih WJ, Gantz  I, Terra SG, Cherney DZI,  McGuire DK; VERTIS CV  Investigators. Cardiovascular  Outcomes with Ertugliflozin in  Type 2 Diabetes. N Engl J Med.  2020 Oct 8;383(15):1425-1435. 



Dapa
Ertu

Dapa
Ertu

SGLT2 Inhibitors & HF: Outcome Trials

All Cause Mortality by HF Type

TsampasianV, et al. Cardiol Res Pract 2021; doi: 10.1155/2021/9927533
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SGLT2 Inhibitors & HF: Outcome Trials

CV Death or HF Hospitalization by HF Type
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SGLT2i (ë SGLT1i): Summary

• Most benefit in those with cardiovascular disease & heart failure

• Reduce hospitalization for heart failure – all drugs

• No significant change in stroke

• Improvement in CV death – Empagliflozin, Dapagliflozin

• Additional benefit with pre -existing heart failure (reduced EF)

o Improve mortality and CV mortality – Dapagliflozin, canagliflozin 

o Better outcomes with reduced ejection fraction
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ESC/EASD Guidelines: Novel Glucose – Lowering Drugs
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• Metformin monotherapy for DM2. 
• Consider adding GLP-1 RA or SGLT2i inhibitor independent of HbA1c target.

• Consider GLP-1 RA or SGLT2i prior to metformin for higher CVD risk

• If atherosclerotic CVD or stroke predominates:
Choose GLP-1 RA with proven benefit

• If heart failure or CKD predominates:
Choose SGLT2i with proven benefit

CKD = chronic kidney disease; CVD = cardiovascular disease

Drug Selection: SGLT2i vs GLP1 RA

AACE/ ADA/ EASD/ ACC Gu id e lin e  Su mma ry
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SGLT2 Inhibitors: 
A Nephrologists  
Perspective

Nayan Arora, MD
Clinical Assistant Professor
University of Washington
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• Prevent progression of kidney disease

• Reduce CV events

• Glycemic Control

• Blood Pressure Management

• Albuminuria Reduction

• RAAS Inhibitors, SGLT2 Inhibitors, MRAs (Finerenone), GLP-1 Agonists?

A Nephrologists Approach to Diabetes



A History 
Lesson

1993

CSG Captopril Trial

Type 1  Diabetes

N= 409

Intervention: Captopril v Placebo

3 year median follow up

Primary Outcome: Creatinine Doubling
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CSG
Captopril

Trial

48% Reduction in Primary Outcome
NNT= 11

Death= 3.9 vs 6.9%

Dialysis or Transplant= 9.7 vs 15.3%

50% Reduction in death, dialysis or Txp
NNT=10



The Dark Ages…



A New Hope…



Empa-Reg DAPA-HF

DAPA-CKD

EMPEROR-
REDUCED

EMPEROR-
PRESERVED

PRESERVED-
HF

EMPA-
KIDNEY

VERTIS-CV SCORED

CANVAS CREDENCE

SGLT2 Inhibitor Trials

2015 2017 2019 2020 2021 -
2022



Worsening Kidney Function or ESKD 
Worsening Kidney Function or ESKD

Presenter
Presentation Notes
Worsening kidney function  (>40% sustained GFR decline) or ESRD



Cause Mortality

Presenter
Presentation Notes
All cause mortality



SGLT2i ARB

All Cause Mortality 0.76 0.97

Composite Kidney Outcome 0.61 0.75

Effect on ESKD 0.80 0.77

HF Hospitalization 0.69 0.73

SGLT2i vs ARBs



Works Across 
GFRs

Neuen et al. Lancet Diabetes Endocrinol. 201933



Patient Selection
SGLTi works in the absence of 

albuminuria!
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FIGURE 2: Estimated number of primary events (doubling of serum creatinine, ESKD or cardiovascular or kidney-related death) prevented per 1000 patients treated over 2.6 years in the CREDENCE trial by baseline UACR. Absolute risk reductions estimated as the number of events prevented per 1000 patients treated over 2.6 years. UACR: urinary albumin:creatinine ratio. 




Tubular – Glomerular Feedback



RAS Inhibitors

Beta Blockers

Mineralocorticoid AntagonistsSGLT2 Inhibitors

Heart Failure Treatment Through the Nephron



The AKI Myth



ACEi/ ARB SGLT2i

Efferent arteriole DILATION Afferent arteriole CONSTRICTION

DECREASED Intraglomerular Pressure

Immediate Decrease in GFR

Improved Kidney Outcomes
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Risk of UTIs

• US Based Databased of 

Commercial Claims

• 2013 -2015

• Cohort 1: SGLT2i v DPP4i 

(n=123,752)

• Cohort 2: SGLT2i v GLP1a 

(n=111,978)

• Propensity Matched

Dave et al. Annals Intern Med. 2019

Presenter
Presentation Notes
Patients with diabetes have a >60% increased risk of UTIs compared to the general population




Genital Mycotic 
Infections

~2 -4 fold increased risk

Generally easily treated with topical 
antifungals or occasionally 

fluconazole

Rarely leads to permanent drug 
cessation

Presenter
Presentation Notes
Fluconazole 150mg PO x 1



Diabetic Ketoacidosis

SGLT2i 
(%)

Placebo 
(%)

Hazard Ratio/Risk 
difference (vs placebo) P Value

Credence n=4401 11 (0.22) 1 (0.02) RR 10.80 (1.39, 83.65)

EMPA-REG n=7.020 4 (0.1) 1 (<0.1) RR 1.99 (0.22, 17.80)

CANVAS n=10,142 0.06 0.03 HR 2.33 (0.76, 7.17) 0.14

DECLARE n=17143 27 (0.3) 12 (0.1) RR 2.18 (1.10, 4.30) 0.02

VERTIS CV n=8238 19 (0.3) 2 (0.1)

EMPEROR Reduced 
n=3726 0 (0.0) 0 (0.0)

DAPA-HF n=4744 3 (0.1) 0 (0.0) NA

DAPA CKD n=4298 0 2 (<0.1) 0.50

Presenter
Presentation Notes
DAPA-CKD more patients on hypoglycemic agents in placebo group prone to hypoglycemia
No DKA seen in non-diabetics



83% Sick when they
developed DKA!



Stop this medication if you have any signs of symptoms of an allergic reaction such as hives, itching, rash, throat swelling or difficulty breathing

You may notice an increase in urine output after starting this medication

Your blood pressure may decrease

- Monitor your blood pressure at home as your blood pressure may decrease after starting this medication

- Dizziness with standing is a common symptom, which generally resolves within 2 weeks, however, please contact me if you exper ience debilitating dizziness/lightheadedness of 

symptoms persist beyond 2 weeks

Observe "sick day" rules

- If you are feeling ill (fever, infection, poor appetite, nausea, vomiting, diarrhea) and are unable to maintain adequate hydr ation HOLD this medicine until you feel better for 24 hours.

- If you have a severe illness please go to the Emergency Room

Hold this medication for 48 hours prior to any scheduled surgery that requires you to be NPO (not eat or drink) the night bef ore the procedure

This medication should generally be held if you are admitted to the hospital. Please confer with your inpatient doctors.

Avoid the Atkins or Keto diet

Monitor your blood glucose levels as your insulin requirements may decrease when you start this medication

Wound on your legs, feet or groin

- If you notice a wound, ulcer or skin breakdown on your legs, feet or groin, HOLD this medication and contact me or your prima ry care provider or go to the emergency room

Burning with urination

- If you have burning with urination HOLD this medication and contact me or your primary care doctor

Redness or itching in the groin area or foul -smelling vaginal or penile discharge

- Keep your genital area clean

- If you notice any redness or itching in the genital area or are having any vaginal or penile discharge, HOLD this medication and inform me. You may need a cream or oral medication to 

treat an underlying fungal infection.
44





Time to Get the 
Word Out!



It’s estimated that only 5% of 
patients with type 2 diabetes and 

chronic kidney disease are 
currently treated with SGLT2 

inhibitors

Main barrier was clinical inertia

McCoy et al. Clin Diabetes. 2020

Presenter
Presentation Notes
Sulfonylurea Rxs significantly higher 



Summary
• Well tolerated overall but counseling need to 

explain risk and sick days

• Limited glycemic benefit (0.6 -0.8% A1c lower) 

especially in GFR <45 ml/min/1.73m 2

• Improvement in HF across patients living with 

diabetes and in those with reduced EF HF without 

DM. 

• All cause mortality reduced in meta -analysis.
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Summary
• Significant improvement in decreasing patient 

progression to ESRD and worsening EGFR across 

all GFRswith/without proteinuria

• Call to increase use for CV and renal benefits 

outside of glycemic control

48



Questions?
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PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider‐patient relationship between any UW or 
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting 
 
 

                  Cardiometabolic  teleECHOTM Clinic        
                          Patient Recommendation Form 
 
Presentation Date: June 15th, 2022          Presenter name: Jaya DeElena, DNP, FNP-BC, ARNP 
 
Presenter Facility: UW Neighborhood Clinics 

 
 

Case Report Recap: Pt is a female, with history of diabetes and many micro and macrovascular complications including 
diabetic neuropathy, diabetic retinopathy with macular edema, osteomyelitis and partial right foot amputation with 
delayed wound healing, h/o of MI and CVA.  Many comorbidities including BMI 38, dyslipidemia (LdL 137, Rheumatoid 
arthritis, urolithiasis, colitis, age related cataracts, vulvovaginitis. 

• H/o intolerance/allergies to multiple medications: metformin, empagliflozin, SC semaglutide 
• She has failed CGM trials: falls off, don’t work.  
• Strong FH of CAD, paternal side (dad, both paternal grandparents), Family Hx of breast cancer (mother & 

grandmother), sister colon cancer 

 
 

 
Case Recommendations: 

0. Discuss in a non-judgmental way how much insulin the patient was taking prior to the surgery 
1. Gather more data from CGM re-attempt and/or try checking fasting glucose levels for 2-3 days, 2-4 times prior 

to meals and bedtime since A1c does not currently match fasting glucose 
2. Reduce glargine to 30 units once a day in the morning. 
3. Consider prandial insulin 5-9 units depending on meal size or if it is too complicated, start at 5 units with one 

meal a day 
4. Attempt to further maximize liraglutide by 1 click every 2-3 days. Increase from 1.2mg, then slowly get to goal of 

1.8mg. Hold at dose if any GI issues. 
5. Maximize Rosuvastatin. Start slow perhaps 10 then 20 then 40 and consider adding ezetimibe for optimal <70 

LDL goal 
6. Consider Ace or Arb (but may also have allergy so discuss) and check for albuminuria.  



PLEASE NOTE that Project ECHO® case consultations do not create or otherwise establish a provider‐patient relationship between any UW or 
ECHO clinician and any patient whose case is being presented in a Project ECHO® setting 
 
 

7. Monitor triglycerides. Therapy may be indicated but first do fasting lipid panel and address at later date. Must 
balance number of meds and side-effects vs benefit and cost.  

8. Consider ASA therapy, if no allergy, due to MI and CVA 
9. Explore with patient her adjustment to chronic medical conditions and the more recent partial right foot 

amputation she underwent. Adjustment can be considered in the form of emotional well-being, physical 
functioning, changes in lifestyle, quality of life, etc. 

10. Screen for depression and refer/treat, accordingly. 
11. Screen for diabetes distress using Diabetes Distress Scale. Responses can be used to guide conversation with 

patient about her attitude towards and challenges of having diabetes to assist with adjustment and treatment 
planning. (www.diabetesdistress.org) 

12. Learn more about extent of patient’s participation in physical rehabilitation (e.g., physical therapy, 
occupational), what progress has been made, and are more services necessary.  Also, is patient able to return to 
the job she had/is it possible for her to do the work she did prior to the partial right foot amputation?  If not, I 
recommend she seek vocational rehabilitation services through DSHS Division of Vocational Rehabilitation. 
(www.dshs.wa.gov/dvr) 

13. Explore further with patient her plan for making changes to her eating habits and food choices.  Is she setting 
realistic goals for herself?  How confident is she that she can meet these goals?  When she thinks about making 
goals for herself, is she considering short-term and long-term?  For example, how likely is it that she can sustain 
being on a keto diet or a diet of Swiss cheese and watermelon?  Such approaches are rigid and ultimately 
ineffective.  I would ask patient to reconsider working with a nutritionist to assist with snack/meal planning, at 
least, that fits in with patient’s typical ways of eating and lifestyle. 

14. Obesity, diabetes, and colitis are medical conditions in which there is much focus on food and body.  The 
nutritionist could also explore the patient’s attitude towards food and concerns about body size/shape/weight 
to screen for disordered eating behaviors that could be negatively impacting her medical treatment.  This 
exploration could also be done by other primary care providers as well if patient chooses to not participate in 
medical nutrition therapy. 

15. Given patient’s multiple medical conditions, some of which are influenced by lifestyle choices, you could explore 
with the patient what is her sense of self-agency regarding prevention/intervention and how does that impact 
her approach to making healthful changes. (www.cancercontrol.cancer.gov/sites/default/files/2020-
06/theory.pdf) 

16. Are there aspects of this patient’s culture that her providers would benefit from considering when it comes to 
her treatment recommendations? 

 
 
 
 
 
 
 
 
Nicole Ehrhardt, MD 
______Nicole Ehrhardt ____  

physician Signature Nicole Ehrhardt 

Represent case Aug  2022 
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