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OBJECTIVES

• Typical and Atypical Presentations of DKD
• Progression of Diabetic Kidney Disease (DKD)
• Four pillars of DKD management

• RAAS inhibitors
• SGLT-2 inhibitors
• GLP-1 receptor agonists
• ns-MR agonists

• CKD Reassessment Recommendations

Romela Petrosyan, MD, SM, FASN, FACP





Oshima M et al. Nat Rev Nephrol. 2021 Nov;17(11):740-750.

RAAS/SGLT2 
inhibitor

GN? AIN?
Nephrosclerosis?



Presentation

Classic features (60%): Normal kidney size despite kidney failure and 
proteinuria>1g

Atypical (13%): Ischemic nephropathy

Coexist (27%): Known primary kidney disease

-------------------------------------------------------------------------------------

1. Hyperfiltration→ Larger kidneys

2. Moderately increased albuminuria (30-300mg/24hr or A2 by 
KDIGO) which may progress to severely increased albuminuria

3. Annual eGFR decline: within 5ml/min/1.73m2 while on RAAS 
inhibitor



A1c improves



Scilletta S, Di Marco M, et. al. Update on Diabetic Kidney Disease (DKD): Focus on Non-Albuminuric DKD and 
Cardiovascular Risk. Biomolecules. 2023 Apr 26;13(5):752.



Scilletta S, Di Marco M, et. al. Update on Diabetic Kidney Disease (DKD): Focus on Non-Albuminuric DKD and 
Cardiovascular Risk. Biomolecules. 2023 Apr 26;13(5):752.
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Captopril Trial, N Engl J Med. 1993

Hannadouche et al, BMJ. 1994; 

Bakris et al, Kidney Int. 1996; 

Bakris et al, Hypertension. 1997; 

No Specific Therapy for CKD 

IDNT, N Engl J Med. 2001; 

RENAAL, N Engl J Med. 2001 CREDENCE, N Engl J Med. 2019 

 DAPA-CKD, N Engl J Med. 2020 

 FIDELIO, N Engl J Med. 2020 

Historical Perspective on Slowing CKD progression associated with Type 2 diabetes

Naaman SC, Bakris GL.Diabetes.doi:10.2337/db20211-28): Arlington (VA), 2021, 28-32.

Normal annual 
decline rate



The Only Proven Treatment for Renoprotection 

in T2DM-RAS BLOCKERS: RENAAL & IDNT

Brenner B, et al. N Engl J Med. 2001;345(12):861-869.

Risk reduction, 16%
P = 0.02

Losartan 100 mg/d

RENAAL
Risk reduction, 20%
P = 0.02

Lewis EJ, et al. N Eng J Med. 2001;345(12):851-860.

IDNT

Doubling of serum creatinine, ESKD, or death

RESIDUAL RISK
RESIDUAL RISK

Irbesartan 300 mg/d



Landmark Studies on Glucose Control

• 1987, DCCT: reduction of progression to moderately increased 
albuminua with tight glucose control (Type I DM)

• 1998, UKDPS: A1c reduction by 0.9%, reduces nephropathy

• 2008, ADVANCE: Target A1c<6.5% associated with kidney failure 
reduction

• 2015, EMPA-REG: Empagliflozin in T2DM, eGFR 20-90, associated 
with lower kidney events

• 2019, CREDENCE: Canagliflozin in T2DM, eGFR 30-90, and 
albuminuria 300-5,000mg/g confers kidney protection

• 2020, DAPA-CKD: Dapagliflozin in DKD or non-DKD, eGFR 25-75, and 
albuminuria 200-5,000mg/g confers kidney protection



The Trilogy of SGLT2 Inhibitors for CKD

EMPA-KIDNEY
Adults with or without type 2 diabetes, eGFR 
≥45 to <90 mL/min/1.73 m2 and UACR ≥200 
mg/g or ≥20 to <45 mL/min/1.73 m2 irrespective 
of albuminuria (N=6609). 
Herrington W et al. for the EMPA-KIDNEY Collaborative Group. N 
Engl J Med. 2023;388:117-127

DAPA-CKD
Adults with or without type 2 diabetes, 
eGFR >25 mL/min/1.73 m2, UACR >200 
mg/g (n=2906).
Heerspink HJL et al. N Engl J Med. 2020;383(15):1436-1446

CREDENCE
Adults with type 2 diabetes, eGFR >30 
mL/min/1.73 m2, UACR >300 mg/g 
(N=4401)
Perkovic V et al. N Engl J Med. 2019;380:2295-2306

All SGLT2 inhibitor trials in CKD were stopped early based on clear evidence of benefit – A first in Nephrology 

Primary outcomes: Substantial eGFR decline (40%, 50%, 57%), kidney failure, or death due to kidney or cardiovascular causes 

Residual risk



The Kidney–Heart Connection for Organ 
Protection by SGLT2 Inhibitors

Alicic RZ, Johnson EJ, Tuttle KR. Am J Kidney Dis 2018;72:267-277
Tuttle KR et al. Am J Kidney Dis. 2021;77:94-109
Braunwald E. N Engl J Med 2022;386:2024-2034



KDIGO 2024 Recommendations



SUSTAIN-6 and 
PIONEER-6: Kidney 
Function Stabilized by 
Semaglutide

Tuttle KR et al. Kidney Int 2023;103:772-781 
Inker LA et al. J Am Soc Nephrol 2019;30:1735-1745

eGFR slope with estimated treatment 
difference (ETD) >0.75 mL/min/1.73m2 per 
year predicts significantly lower risk of 
kidney failure versus placebo 



AWARD-7: Dulaglutide versus Insulin Glargine in 
Type 2 Diabetes and Moderate-to-Severe CKD

Tuttle KR et al. Lancet Diabetes Endocrinol 2018;6:605-617 



Protein 0.6-0.8g/kg/day



Adding NS-MRA rationale
High residual risk of CKD progression with current therapies

1. Alicic RZ, et al. Clin J Am Soc Nephrol 2017;12:2032; 2. Mora-Fernández C, et al. J Physiol 2014;18:3997;

3. Perkovic V, et al. N Engl J Med 2019;380:2295
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Months since randomization

HR=0.70 (95% CI 0.59–0.82); p=0.00001

Placebo + ACEi/ARB 

Canagliflozin + ACEi/ARB

CREDENCE3

Cardiorenal composite endpoint*



Comparison of MRA inhibitors: Steroidal and Non-steriodal

Kintscher U, Bakris GL, and  Kolkhof  P. Br J Pharmacol 2021, in press





Composite kidney outcome, including a >57% eGFR decrease 
component by baseline UACR and eGFR categories.

Bakris GL et.al. Kidney Int 2023 ;103:196-206



Rossing P et.al. 

Nephrol Dial 

Transplant (2023) 

0: 1–

11https://doi.org/10.

1093/ndt/gfad009



N=3533

FLOW Design: Kidney Disease Outcomes Trial in 
Persons with Type 2 Diabetes

HR 

0.76

Perkovic V et al. N Engl J Med. 2024 Jul 11;391(2):109-121.
Rossing P et al. Nephrol Dial Transplant 2023;38:2041–2051



FLOW Participants with Type 2 Diabetes Had
High- and Very-High-Risk CKD

Perkovic V et al. N Engl J Med. 2024 Jul 11;391(2):109-121.

CVD

Medication use

T2D

CKD

• HbA1c: 7.8%

• T2D duration ≥15 years: 

56.8%

• BP: 138.6/76.4 mmHg

• Prior MI or stroke: 22.9%

• Chronic heart failure: 19.2%

• eGFR: 47.0 mL/min/1.73 m² 

• Median UACR: 567.6 mg/g

• RAAS blocker: 95.3%

• SGLT2 inhibitor: 15.6%

Age: 66.6 years

Male: 69.7%

BMI: 32.0 kg/m2



Perkovic V et al. N Engl J Med. 2024 Jul 11;391(2):109-121.

Composite Kidney Outcome
Primary outcome

Absolute risk difference at week 104: –2.7% 

Number needed to treat: 37

Absolute risk difference at week 156: –4.9% 

Number needed to treat: 20
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1767 1738 1693 1640 1489 1131

1766 1736 1682 1605 1516 1408 1048

1572

Placebo 23.2%
(410/1766)

Semaglutide 18.7%
(331/1767)

HR 0.76 (95% CI 0.66, 0.88)

p=0.0003

Superiority if two-sided 

p value <0.0322



Albuminuria/Proteinuria Monitoring is Low in CKD
CURE-CKD 2006-2017 (N=606,064)

Tuttle KR et al. JAMA Netw Open 2019;2:e1918169 

All CKD CKD/DM/PDM/HTN CKD/HTN CKD/DM/PDM CKD Alone



Prescription of Guideline-Directed Medical Therapy Is 
Suboptimal in Diabetes and CKD

US CURE-CKD Registry study, an electronic health records database from Providence and 

UCLA Health system (2019–2020)

Baseline and ≥90-day persistent 

prescribing rates (%)
Baseline ≥90-day persistent prescribing rate

6.3%

5.0%

40.4%

6.8%

6.0%

70.7%

GLP-1 RA

SGLT2 inhibitor

ACE inhibitor/ARB

Nicholas SB et al. Diabetes Obes Metab 2023;25:2970–2979 



AASK Trial (JAMA 2002)

JAMA Cardiol 2022

NEJM 2020

Bakris G and Weir M Am J Nephrol. 2022;53(7):513-515



Naaman S and Bakris GL Diabetes Care 2023;46:1574-1586



32

Take Home Points

• Screen for Diabetic Kidney Disease with serum creatinine, cystatin C, 
and urine albumin to creatinine ratio at 5 years after onset of Type I 
DM and at diagnosis of Type II DM.

• An SGLT2 inhibitor and an ACE inhibitor or an ARB are first-line for 
patients with diabetes and CKD.

• A GLP-1 receptor agonist and a non-steroidal MRA are currently 
considered risk-based disease modifying therapy for albuminuria, 
glycemia, weight, and CVD.

• Focused efforts for CKD detection and access to care are needed to 
remove barriers to receiving kidney-heart-lifesaving therapies.



THANK YOU!

CONTINUING MEDICAL EDUCATIONDEPARTMENT OF MEDICINE
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