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Introduction
• Diabetic Kidney Disease (DKD) is the leading cause of end stage renal disease 

(ESRD) in the U.S.

• DKD occurs in approximately 40% of patients with T2D

• Most excess risk of all cause and CV mortality for T2D patients is related to DKD

• Natural history of DKD

▪ Glomerular hyperfiltration

▪ Progressive albuminuria

▪ Declining GFR

▪ ESRD/dialysis
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Prevalence of Chronic Kidney 
Disease in Diagnosed Diabetes

Stage 1, 
10.4%

Stage 2, 
13.4%

Stage 3, 
14.1%

Stage 4, 1.1%

No kidney 
disease, 
60.4%

NKF 
Stage Description GFR

1 Kidney damage* with normal or ↑ GFR ≥90

2 Kidney damage* with mild ↓ GFR 60-89

3 Moderate ↓ GFR 30-59

4 Severe ↓ GFR 15-29

5 Kidney failure or ESRD                          <15 or 
dialysis

Diabetic Kidney Disease Is the Leading Cause of Kidney Failure in the United States

ESRD, end-stage renal disease; 
GFR, glomerular filtration rate (mL/min/1.73 m2); 

*Pathologic abnormalities or markers of damage, including abnormalities in 
blood or urine tests or imaging studies.

Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol. 2010 Apr;5(4):673-82. .

Presenter
Presentation Notes
CDC. National diabetes fact sheet, 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf. 

Plantinga LC, Crews DC, Coresh J, Miller ER 3rd, Saran R, Yee J, Hedgeman E, Pavkov M, Eberhardt MS, Williams DE, Powe NR; CDC CKD Surveillance Team. Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol. 2010 Apr;5(4):673-82. .


https://pubmed.ncbi.nlm.nih.gov/20338960/
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Diagnosis of Diabetic Kidney Disease

OR

While the natural history of DKD varies, most patients 
eventually progress to end-stage kidney disease2

Presence of albuminuria 
(UACR > 300 mg/g, OR

UACR 30-299 mg/g with:

• Diabetic retinopathy, and/or

• T1D ≥ 10 years’ duration)

Reduced kidney function 
(eGFR < 60 mL/min/1.73 m2)

The clinical diagnosis of Diabetic Kidney 
Disease (DKD)in a patient with diabetes is based 

on1,2

In the absence of signs or symptoms of 
other primary causes of kidney damage 

UACR: urine albumin:creatinine ratio National Kidney Foundation. KDOQI Guidelines Executive Summary. 2007
Alicic et al. Clin J Am Soc Nephrol. 2017; 12:2032-2045.

Presenter
Presentation Notes
National Kidney Foundation. KDOQI Guidelines Executive Summary. 2007

Alicic et al. Clin J Am Soc Nephrol. 2017; 12:2032-2045.
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Development of Diabetic Nephropathy

Genetically susceptible individuals  

Hyperglycemia
Hypertension
↑Angiotensin II

Hyperfiltration
Enlarged kidneys

Breakdown of 
glomerular 

filtration barrier

Micro-
albuminuria

Macro-
albuminuria

Decreasing 
GFR

Capillary 
occlusion

Protein reabsorption 
and accumulation in 
renal epithelial cells

Release of 
vasoactive and 
inflammatory 

cytokines

Tubule and 
podocyte 

damage

Tubular atrophy 
and fibrosis, 

podocyte 
destruction

Renal failure

Rationale and strategies for early detection and management of diabetic kidney disease. Mayo Clin Proc. 2008 Dec;83(12):1373-81.
Pathophysiology of progressive nephropathies. N Engl J Med. 1998 Nov 12;339(20):1448-56.

Presenter
Presentation Notes
Radbill B, Murphy B, LeRoith D. Rationale and strategies for early detection and management of diabetic kidney disease. Mayo Clin Proc. 2008 Dec;83(12):1373-81. 

Remuzzi G, Bertani T. Pathophysiology of progressive nephropathies. N Engl J Med. 1998 Nov 12;339(20):1448-56.

https://pubmed.ncbi.nlm.nih.gov/19046557/
https://pubmed.ncbi.nlm.nih.gov/9811921/
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Staging and Monitoring of Renal Function and 
Albuminuria in Diabetes

CKD = chronic kidney disease; GFR = glomerular filtration rate

Persistent albuminuria categories
Description and range

Guide to frequency of monitoring 
(number of times per year) by GFR 

and albuminuria category

A1 A2 A3

Normal to mildly 
increased Moderately increased Severely increased

<30 mg/g
<3 mg/mmol

30-300 mg/g
3-30 mg/mmol

>300 mg/g
>30 mg/mmol

G1 Normal or high ≥90 1 if CKD 1 2

G2 Mildly 
decreased 60-89 1 if CKD 1 2

G3a
Mild to 

moderately 
decreased

45-59 1 2 3

G3b
Moderately to 

severely 
decreased

30-44 2 3 3

G4 Severely 
decreased 15-29 3 3 4+

G5 Kidney failure <15 4+ 4+ 4+

American Association of Clinical Endocrinologists and American College of Endocrinology - Clinical practice 
guidelines for developing a diabetes mellitus comprehensive care plan - 2015. Endocr Pract. 2015 Apr;
21 Suppl 1(Suppl 1):1-87.

Numbers = 
recommended 
monitoring frequency 
(times/year)

Increasing color 
intensity = higher risk 
of progression of 
DKD

Presenter
Presentation Notes
Handelsman Y, Bloomgarden ZT, Grunberger G, Umpierrez G, Zimmerman RS, Bailey TS, Blonde L, Bray GA, Cohen AJ, Dagogo-Jack S, Davidson JA, Einhorn D, Ganda OP, Garber AJ, Garvey WT, Henry RR, Hirsch IB, Horton ES, Hurley DL, Jellinger PS, Jovanovič L, Lebovitz HE, LeRoith D, Levy P, McGill JB, Mechanick JI, Mestman JH, Moghissi ES, Orzeck EA, Pessah-Pollack R, Rosenblit PD, Vinik AI, Wyne K, Zangeneh F. American Association of Clinical Endocrinologists and American College of Endocrinology - Clinical practice guidelines for developing a diabetes mellitus comprehensive care plan - 2015. Endocr Pract. 2015 Apr;21 Suppl 1(Suppl 1):1-87. 


https://pubmed.ncbi.nlm.nih.gov/25869408/
https://pubmed.ncbi.nlm.nih.gov/25869408/
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Pharmacologic Treatment Options for T2D with 
Renoprotection
Two classes of newer agents for T2D have added renal benefits beyond glycemic 

control.

• Sodium-Glucose Cotransporter 2 (SGLT2) Inhibitors

• Glucagon-Like Peptide-1 (GLP-1) Receptor Agonists

• Each will be reviewed for:

• Mechanism

• Summary of CV outcome trials (CVOT)

• Benefits

• Adverse effects 
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Currently Available Sodium-Glucose 
Cotransporter 2 (SGLT2) Inhibitors

• Canagliflozin (Invokana)

• Dapagliflozin (Farxiga)

• Empagliflozin (Jardiance)

• Ertugliflozin (Steglatro)
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SGLT2 inhibitors: Physiologic Actions
• Selectively blocks the transporter 

responsible for > 90% of glucose 
reabsorption in the nephron 
(SGLT2).

• This results in reduced absorption 
of glucose and sodium, leading to 
glycosuria and natriuresis.

• Greatest rate of glycosuria occurs 
during periods of hyperglycemia.

• Low risk of hypoglycemia.

Presenter
Presentation Notes
Garcia-Ropero A, Badimon JJ, Santos-Gallego CG. The pharmacokinetics and pharmacodynamics of SGLT2 inhibitors for type 2 diabetes mellitus: the latest developments. Expert Opin Drug Metab Toxicol. 2018 Dec;14(12):1287-1302.

Hiddo J.L. Heerspink, PharmD, PhD, Bruce A. Perkins, MD, MPH, David H. Fitchett, MD, Mansoor Husain, MD, and David Z. I. Cherney, MD, PhD. Sodium Glucose Cotransporter 2 Inhibitors in the Treatment of Diabetes Mellitus. Circulation Volume 134, Issue 10, 6 September 2016, Pages 752-772 .
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SGLT2 inhibitors: Mechanism of Action

Presenter
Presentation Notes
Butler J, Hamo CE, Filippatos G, Pocock SJ, Bernstein RA, Brueckmann M, Cheung AK, George JT, Green JB, Januzzi JL, Kaul S, Lam CSP, Lip GYH, Marx N, McCullough PA, Mehta CR, Ponikowski P, Rosenstock J, Sattar N, Salsali A, Scirica BM, Shah SJ, Tsutsui H, Verma S, Wanner C, Woerle HJ, Zannad F, Anker SD; EMPEROR Trials Program. The potential role and rationale for treatment of heart failure with sodium-glucose co-transporter 2 inhibitors. Eur J Heart Fail. 2017 Nov;19(11):1390-1400. 
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• Glycosuria

• Natriuresis

• Reduced albuminuria

• Decreased glomerular pressure through restoration of 

tubuloglumerular
feedback 

• Decreased glomerular perfusion and hyperfiltration

• Decreased tubular workload and hypoxia 

SGLT2 inhibitors: Mechanisms of Renoprotection

Presenter
Presentation Notes
Tuttle KR, Brosius FC 3rd, Cavender MA, Fioretto P, Fowler KJ, Heerspink HJL, Manley T, McGuire DK, Molitch ME, Mottl AK, Perreault L, Rosas SE, Rossing P, Sola L, Vallon V, Wanner C, Perkovic V. SGLT2 Inhibition for CKD and Cardiovascular Disease in Type 2 Diabetes: Report of a Scientific Workshop Sponsored by the National Kidney Foundation. Am J Kidney Dis. 2021 Jan;77(1):94-109.
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Improved Renal Outcomes in GLP-1 RA
and SGLT2i Trials

Study Intervention HR (95% CI) P-value

LEADER1,a Liraglutide 0.78 (0.67, 0.92) 0.003

SUSTAIN 62,b Semaglutide 0.64 (0.46, 0.88) 0.005

EMPA-REG OUTCOME3,c Empagliflozin 0.61 (0.53, 0.70) < 0.001

CANVAS4,d Canagliflozin 0.60 (0.47, 0.77)

DAPA-CKD5,e Dapagliflozin 0.56 (0.45, 0.68) < 0.001

CREDENCE6,f Canagliflozin 0.70 (0.59, 0.82) < 0.001

Composite Renal Outcomes: aMacroalbuminuria, doubling of serum creatinine, and eGFR ≤45 mL/min/1.73 m2, ESRD, or renal death; bMacroalbuminuria, doubling of serum creatinine, and eGFR ≤45 
mL/min/1.73 m2 or need for continuous renal replacement therapy; cMacroalbuminuria, doubling of serum creatinine level, eGFR ≤45 mL/min/1.73 m2, initiation of renal-replacement therapy or renal 
death; d40% reduction in eGFR, ESRD, or renal death; e sustained decline in eGFR ≥ 50%, ESRD, or death from renal causes; f doubling of serum creatinine, ESRD (GFR <15 mL/min/1.73 m2, dialysis or 
transplant), renal death or CV death.

1
Favors GLP-1RA or SGLT2i Favors Placebo

Presenter
Presentation Notes
1. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA, Nissen SE, Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman B, Bergenstal RM, Buse JB; LEADER Steering Committee; LEADER Trial Investigators. Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2016 Jul 28;375(4):311-22. 

2. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, Lingvay I, Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbøll T; SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2016 Nov 10;375(19):1834-1844. 

3. Zinman B, Wanner C, Lachin JM, Fitchett D, 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. 

4. 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. 

5. S. Bangalore, D.J. Maron, S.M. O’Brien, J.L. Fleg, E.I. Kretov, C. Briguori, U. Kaul, H.R. Reynolds, T. Mazurek, M.S. Sidhu, J.S. Berger, R.O. Mathew, O. Bockeria, S. Broderick, R. Pracon, C.A. Herzog, Z. Huang, G.W. Stone, W.E. Boden, J.D. Newman, Z.A. Ali, D.B. Mark, J.A. Spertus, K.P. Alexander, B.R. Chaitman, G.M. Chertow, and J.S. Hochman, for the ISCHEMIA-CKD Research Group.* Management of Coronary Disease in Patients with Advanced Kidney Disease. N Engl J Med 2020;382:1608-18.

6. N Engl J Med. 2019 Jun 13;380(24):2295-2306. PMID: 30990260
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EMPA-REG Trial: Slower Progression of 
Renal Disease Over Time

1
4

Change in GFR over 192 weeks

EMPA-REG and Effect on GFR

Presenter
Presentation Notes
Wanner, C., Inzucchi, M; et al. Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes. The NEJM. Mass Med Society. Jul 28,2016
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Presenter
Presentation Notes
Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, Edwards R, Agarwal R, Bakris G, Bull S, Cannon CP, Capuano G, Chu PL, de Zeeuw D, Greene T, Levin A, Pollock C, Wheeler DC, Yavin Y, Zhang H, Zinman B, Meininger G, Brenner BM, Mahaffey KW; CREDENCE Trial Investigators. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl J Med. 2019 Jun 13;380(24):2295-2306. 
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Dapagliflozin Improves Renal Outcomes: 
DAPA-CKD Trial (2/3 Type 2DM and 1/3 Non-DM) 

▪ N = 4304 with eGFR 25-75 
mL/min/1.73m2 and ACR 200-5000 
mg/g

▪ 1° outcome: Sustained decline in 
eGFR ≥ 50%, end-stage kidney 
disease, or death from renal or CV 
causes
• 9.2% DAPA vs. 14.5% PBO
• HR 0.61
• NNT = 19

▪ Composite renal outcome: 
• HR 0.56 (95% CI, 0.45-0.68; P < 

0.001)
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Hazard ratio, 0.61 (95% Cl, 0.51-
0.72)
P=0.001

Placebo
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32

0

0

No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

Heerspink et al. N Engl J Med 2020; 383:1436-1446 DOI: 10.1056/NEJMoa2024816 

Presenter
Presentation Notes
Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, Greene T, Hou FF, Mann JFE, McMurray JJV, Lindberg M, Rossing P, Sjöström CD, Toto RD, Langkilde AM, Wheeler DC; DAPA-CKD Trial Committees and Investigators. Dapagliflozin in Patients with Chronic Kidney Disease. N Engl J Med. 2020 Oct 8;383(15):1436-1446. 
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SGLT2 Inhibitors: Adverse Effects

•Genital mycotic infections (women > men)

•Urinary tract infections

•Polyuria

•Volume depletion/hypotension/dizziness

•↑ LDL-C

•↑ Creatinine (transient)

•DKA/ euglycemic DKA

•Increased rate of lower extremity 

amputations (seen in CANVAS, not 

CREDENCE)

CANVAS: numerically low numbers but 

statistically significant; 6.3 vs. 3.4%, HR 

1.97 (95%CI 1.41-2.75)

•Side effect of Fournier’s gangrene

•Increased risk of bone fractures

Presenter
Presentation Notes
Zinman B, Wanner C, Lachin JM, Fitchett D, 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 NEJM 2017

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.

Basu D, Huggins LA, Scerbo D, Obunike J, Mullick AE, Rothenberg PL, Di Prospero NA, Eckel RH, Goldberg IJ. Mechanism of Increased LDL (Low-Density Lipoprotein) and Decreased Triglycerides With SGLT2 (Sodium-Glucose Cotransporter 2) Inhibition. Arterioscler Thromb Vasc Biol. 2018 Sep;38(9):2207-2216. 
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Glucagon-Like Peptide 1 Receptor 
Agonists (GLP-1 RA)
Currently Available Drugs

•Exenatide (Byetta, Bydureon)

•Liraglutide (Victoza)

•Lixisenatide (Adlyxin, component of Soliqua)

•Semaglutide (Ozempic, Rybelsus)

•Dulaglutide (Trulicity)

Presenter
Presentation Notes
North, Emily J.; Newman, Jonathan D. Review of cardiovascular outcomes trials of sodium–glucose cotransporter-2 inhibitors and glucagon-like peptide-1 receptor agonists, Current Opinion in Cardiology: November 2019 - Volume 34 - Issue 6 - p 687-692 

Drucker DJ. The Cardiovascular Biology of Glucagon-like Peptide-1. Cell Metab. 2016 Jul 12;24(1):15-30. 

Heuvelman VD, Van Raalte DH, Smits MM. Cardiovascular effects of glucagon-like peptide 1 receptor agonists: from mechanistic studies in humans to clinical outcomes. Cardiovasc Res. 2020 Apr 1;116(5):916-930.

Rowlands J, Heng J, Newsholme P, Carlessi R. Pleiotropic Effects of GLP-1 and Analogs on Cell Signaling, Metabolism, and Function. Front Endocrinol (Lausanne). 2018 Nov 23;9:672.
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Mechanisms for Renoprotection

•Increased natriuresis

•Increased diuresis

•Blood glucose lowering

•Blood pressure lowering effects

•Decreased insulin resistance

•Weight loss
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GLP1 Receptor Agonists: Renal 
Outcome Trials 
• LEADER

• Liraglutide reduced new or worsening nephropathy by 22% (HR 0.74, 

95%CI 0.60-0.91)

• 26% reduction in macroalbuminuria

• SUSTAIN-6

• Reduction in new or worsening nephropathy with semaglutide SC (HR 0.64, 

95%CI 0.46-0.88, P=0.005)

• 46% reduction in macroalbuminuria

Presenter
Presentation Notes
Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Køber LV, Lawson FC, Ping L, Wei X, Lewis EF, Maggioni AP, McMurray JJ, Probstfield JL, Riddle MC, Solomon SD, Tardif JC; ELIXA Investigators. Lixisenatide in Patients with Type 2 Diabetes and Acute Coronary Syndrome. N Engl J Med. 2015 Dec 3;373(23):2247-57.
 
Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, Lingvay I, Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbøll T; SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2016 Nov 10;375(19):1834-1844.  
 
 
Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA, Nissen SE, Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman B, Bergenstal RM, Buse JB; LEADER Steering Committee; LEADER Trial Investigators. Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2016 Jul 28;375(4):311-22. 
 
 
Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB, Chan JC, Choi J, Gustavson SM, Iqbal N, Maggioni AP, Marso SP, Öhman P, Pagidipati NJ, Poulter N, Ramachandran A, Zinman B, Hernandez AF; EXSCEL Study Group. Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2017 Sep 28;377(13):1228-1239. 
 
Hernandez AF, Green JB, Janmohamed S, D'Agostino RB Sr, Granger CB, Jones NP, Leiter LA, Rosenberg AE, Sigmon KN, Somerville MC, Thorpe KM, McMurray JJV, Del Prato S; Harmony Outcomes committees and investigators. Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): a double-blind, randomised placebo-controlled trial. Lancet. 2018 Oct 27;392(10157):1519-1529. 
 
Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliaschewitz FG, Franco DR, Jeppesen OK, Lingvay I, Mosenzon O, Pedersen SD, Tack CJ, Thomsen M, Vilsbøll T, Warren ML, Bain SC; PIONEER 6 Investigators. Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2019 Aug 29;381(9):841-851.

Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probstfield J, Botros FT, Riddle MC, Rydén L, Xavier D, Atisso CM, Dyal L, Hall S, Rao-Melacini P, Wong G, Avezum A, Basile J, Chung N, Conget I, Cushman WC, Franek E, Hancu N, 

Hanefeld M, Holt S, Jansky P, Keltai M, Lanas F, Leiter LA, Lopez-Jaramillo P, Cardona Munoz EG, Pirags V, Pogosova N, Raubenheimer PJ, Shaw JE, Sheu WH, Temelkova-Kurktschiev T; REWIND Investigators. Dulaglutide and renal outcomes in type 2 diabetes: an exploratory analysis of the REWIND randomised, placebo-controlled trial. Lancet. 2019 Jul 13;394(10193):131-138.
 
Tuttle KR, Lakshmanan MC, Rayner B, Busch RS, Zimmermann AG, Woodward DB, Botros FT. Dulaglutide versus insulin glargine in patients with type 2 diabetes and moderate-to-severe chronic kidney disease (AWARD-7): a multicentre, open-label, randomised trial. Lancet Diabetes Endocrinol. 2018 Aug;6(8):605-617. 
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GLP1 Receptor Agonists: Renal 
Outcome Trials 
• EXSCEL

• For a composite of 40% eGFR decline, renal replacement, renal death or new 

macroalbuminuria, significant reduction with Exenatide ER (HR 0.85, 95%CI 

0.73-0.98), P=0.027).

• AWARD-7 / REWIND 

• Dulaglutide significantly attenuates eGFR decline compared to insulin glargine 

in DM2 patients with moderate to severe CKD. HR -0·05%, 95% CI, p<0·0001)
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Renal Outcomes with GLP-1 RA 

Kristensen et al. Lancet Diabetes Endocrinol  2019; 7: 776–85
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GLP1 Receptor Agonists: Benefits

• ↓ Postprandial glucose excursions

• Weight loss: Average weight loss of 2-4 kg

• Increased satiety

• ↓ LDL-C and ↓triglycerides

• Low rate of hypoglycemia

• Cardiac and renal protection

Presenter
Presentation Notes
Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Køber LV, Lawson FC, Ping L, Wei X, Lewis EF, Maggioni AP, McMurray JJ, Probstfield JL, Riddle MC, Solomon SD, Tardif JC; ELIXA Investigators. Lixisenatide in Patients with Type 2 Diabetes and Acute Coronary Syndrome. N Engl J Med. 2015 Dec 3;373(23):2247-57.
 
Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, Lingvay I, Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbøll T; SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2016 Nov 10;375(19):1834-1844.  
 
 
Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA, Nissen SE, Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman B, Bergenstal RM, Buse JB; LEADER Steering Committee; LEADER Trial Investigators. Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2016 Jul 28;375(4):311-22. 
 
 
Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB, Chan JC, Choi J, Gustavson SM, Iqbal N, Maggioni AP, Marso SP, Öhman P, Pagidipati NJ, Poulter N, Ramachandran A, Zinman B, Hernandez AF; EXSCEL Study Group. Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2017 Sep 28;377(13):1228-1239. 
 
Hernandez AF, Green JB, Janmohamed S, D'Agostino RB Sr, Granger CB, Jones NP, Leiter LA, Rosenberg AE, Sigmon KN, Somerville MC, Thorpe KM, McMurray JJV, Del Prato S; Harmony Outcomes committees and investigators. Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): a double-blind, randomised placebo-controlled trial. Lancet. 2018 Oct 27;392(10157):1519-1529. 
 
Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliaschewitz FG, Franco DR, Jeppesen OK, Lingvay I, Mosenzon O, Pedersen SD, Tack CJ, Thomsen M, Vilsbøll T, Warren ML, Bain SC; PIONEER 6 Investigators. Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med. 2019 Aug 29;381(9):841-851.

Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probstfield J, Botros FT, Riddle MC, Rydén L, Xavier D, 
Atisso CM, Dyal L, Hall S, Rao-Melacini P, Wong G, Avezum A, Basile J, Chung N, Conget I, Cushman WC, Franek E, Hancu N, 

Hanefeld M, Holt S, Jansky P, Keltai M, Lanas F, Leiter LA, Lopez-Jaramillo P, Cardona Munoz EG, Pirags V, Pogosova N, Raubenheimer PJ, Shaw JE, Sheu WH, Temelkova-Kurktschiev T; REWIND Investigators. Dulaglutide and renal outcomes in type 2 diabetes: an exploratory analysis of the REWIND randomised, placebo-controlled trial. Lancet. 2019 Jul 13;394(10193):131-138.
 
Pereira MJ, Eriksson JW. Emerging Role of SGLT-2 Inhibitors for the Treatment of Obesity. Drugs. 2019 Feb;79(3):219-230. 




© AACE. All Rights Reserved.

GLP1 Receptor Agonists: Adverse Effects

• Gastrointestinal side effects

• Nausea, vomiting most common

• Diarrhea

• Association with acute gallstone disease

• ↑ Heart rate

• Acute pancreatitis

• Risk not confirmed in CVOT
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Medication Access/Medication Cost
• Despite promising data described above, many patients are unable to utilize 

these classes of medications due to high cost involved and economic hardship.

• Uninsured patients, and even some insured patients, with high copays or 

deductibles may be limited in their ability to obtain diabetes medications with 

the best profiles for organ protection.

• Often a particular insurance company will only cover one agent within a 

particular class so ability to select a specific drug may be limited.

• Be aware of limitations when prescribing and consider options for cost-

reduction or alternative medications if cost remains prohibitive.
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Practice Patient Scenario 1
64-year-old male with DM2 is admitted to the hospital for dyspnea and lower extremity 

edema. Transthoracic echo demonstrates EF 15%. Patient is treated for congestive heart 

failure with diuretics, and initially required oxygen therapy which improved closer to 

discharge. He is found with newly diagnosed Type 2 DM, HbA1c 7.9%. His GFR is >45.

Question: Aside from lifestyle modifications, what diabetes therapy would you 

recommend for this patient at hospital discharge?

Answer choices

• Metformin

• Sulfonylurea

• DPP4 inhibitor

• SGLT2-inhibitor
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Practice Patient Scenario 1
Correct Answer: SGLT2-inhibitor

Rationale: SGLT2-I can be utilized as first line therapy for DM in a high-risk 

patient, specifically in the setting of both HF and CKD for organ protection. 

Although metformin has traditionally been used for first line therapy, it would 

not be initiated for GFR < 45 and caution should be used for patients with 

severely reduced EF. Some DPP4 inhibitors have a neutral profile for HF but 

some in the class were associated with worse outcomes. Sulfonylureas would 

not confer any cardiac or renal benefit.
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Practice Patient Scenario 2
A 59-year-old female presents for evaluation after a recent ischemic stroke. Her 

current diabetes therapy includes metformin 1000mg BID and Januvia 100mg 

daily. HBA1c 7.5%. Renal function and transthoracic echo are within normal limits.

Question: Which change in diabetes therapy would you recommend?

Answer Choices

• Stop Januvia and add a GLP1-RA

• Add a SGLT2 inhibitor

• Add basal insulin therapy

• No change is needed
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Practice Patient Scenario 2

Correct Answer: Stop Januvia and add a GLP1-RA

Rationale: Given the history of stroke the patient would benefit from 

addition of a GLP1-RA. Since Januvia, a DPP4 agent is in a related class this 

drug would need to be discontinued once starting a GLP1-RA. Given the 

absence of HF or CKD in this patient, GLP1-RA would be preferential over 

SGLT2-i.
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Practice Patient Scenario 3
70-year-old female with a history of DM2 but not currently on therapy, presents to the 

hospital with severe hyperglycemia to 600s, polyuria, polydipsia and weight loss, and is 

found with diabetic ketoacidosis (DKA), HbA1c 14%. She is treated with IV insulin therapy 

with resolution of DKA. She has a history of CKD but no prior known CAD. BMI 18.2.

Question: What diabetes therapy would you recommend for hospital discharge?

Answer Choices

• Basal and bolus insulin therapy

• SGLT2 inhibitor

• GLP1 RA

• Metformin + SGLT2 inhibitor
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Practice Patient Scenario 3
Correct Answer: Basal and bolus insulin therapy

Rationale: Although the patient has a history of CKD it would not be 

appropriate to initiate SGLT2-i in a patient with a recent diagnosis of DKA. 

Given the DKA, the severity of the HbA1c and the weight loss/BMI is low –

this patient appears to be in an insulin deficient state and would benefit 

from insulin therapy at this time. Furthermore, drugs which cause weight loss 

such as GLP1-RA and SGLT2-I, would not be appropriate given the patient is 

currently underweight. She should be ruled out for LADA/ Type 1 DM as 

well.
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