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To Review

• Impact of DM and CKD

• Advancements 

• Best Practices for Clinic

• Future Directions

• No disclosures



CKD caused by DM



DM in ESKD



Cost of ESKD 



Mortality in ESKD



Mortality in CKD



Mortality as CKD progresses



The addition of DM and CV with CKD



Treatment of DM and CKD

• Hyperglycemia

• HTN

• HLP

• Obesity

• Diet

• Smoking

• ACEi, ARB (and previously both!)



The early days



SGLT2-inhibitors



GLP-1 receptor agonist



FDA



Early Trials – EMPA Reg, CANVAS

• EMPA Reg

• HR 0.61 (0.53-
0.70) 95% CI

• CANVAS 
Program

• HR 0.6 (0.47-
0.77) 95% CI



The Age of Advancement

• Finding ways to blunt the development of kidney disease and 
cardiovascular morbidity and mortality in diabetic patients (and 
beyond)



Slide courtesy of Kieran McCafferty, Closing the Loop with SGLT2 inhibitors for CKD Management, ERA Congress 2022





American Diabetes Association



ACC with similar updates



SGLT2 inhibitor Trials - CREDENCE

• CREDENCE
• First RCT trial for kidney outcomes in albuminuric CKD with T2DM

• Canagliflozin 100 mg daily vs placebo (and RAASb)

• eGFR 30-90 ml/min

• UACR 300-5000 mg/g

• Primary outcome: doubling of Cr, ESKD, death from CV or renal cause

• Stopped early 

• 30% relative risk reduction in 2.6 years 

• 34% relative risk reduction in kidney specific 

events



SGLT2 inhibitor Trials – DAPA CKD

• CKD pts – with and without T2DM (1/3 without!)
• eGFR 25-75 ml/min
• UACR 200-5000 mg/g
• Dapa 10 mg vs placebo
• Sustained decline of 50% eGFR, ESKD, death 
• Stopped early
• 39% reduction of primary composite outcome 

after 2.4 years – regardless of T2DM
• Kidney specific outcome – 44% risk reduction 
• 29% RRR composite of death, hospitalization for HF
• 31% relative risk reduction in all cause mortality





Are you a Flozinator?



SGLT2i



DAPA CKD – CKD Stage 4



KDIGO DM in CKD Guidelines 2022

• Nutrition, exercise, smoking cessation, weight control

• ACEi/ARB with HTN and albuminuria

• Statin with T1DM/ T2DM and CKD

• moderate intensity for primary prevention

• high intensity for secondary prevention or multiple atherosclerotic 
cardiovascular disease (ASCVD)

• Metformin forT2DM, CKD eGFR >30 

• If eGFR 30-44 or If 45-59 higher risk of LA: 1,000 mg daily



KDIGO DM in CKD Guidelines 2022

• A sodium–glucose cotransporter-2 inhibitor (SGLT2i) with 
proven kidney or cardiovascular benefit is recommended 
for patients with T2D, CKD, and eGFR ≥20 ml/min/1.73 m2. 

• Don’t stop the SGLT2i despite renal 

disease progression 

https://kdigo.org/wp-content/uploads/2022/10/KDIGO-2022-Clinical-Practice-Guideline-for-
Diabetes-Management-in-CKD.pdf



EMPA Kidney

• Randomized, multi-center, placebo controlled
• Empagliflozin 10 mg daily
• GFR 20-45 ml/min without UACR requirement
• 45-90 with UACR >200 mg/g (limited to a third of patients)
• T2DM or no DM
• Initial recruitment included T1DM, then modified
• RAASi if appropriate 
• Exclusions: PCKD, s/p kidney transplant, ketoacidosis last 5 yrs, any IS 

in the last 3 months (except equivalent of ≤10 mg of pred/day)
• Excluded: T2DM with prior atherosclerotic disease with eGFR >60 

ml/min 



EMPA Kidney

• 15 weeks of run in phase
• RAASb eval, eGFR eval

• Randomization
• eGFR checked 2 months later (not 2-3 weeks like in CREDENCE or DAPA CKD)

• Primary outcome – composite of progression of kidney disease and 
cardiovascular death
• Progression of kidney disease: ESKD, transplant, eGFR <10 ml/min, sustained 

decrease from baseline of >40% (vs 50% in DAPA CKD, vs Cr doubling in 
CREDENCE)

• Secondary outcomes – composite of hospitalization for HF, CV death, 
any hospitalization, any death



EMPA Kidney

• 2019-2021
• Once randomized if eGFR dropped below 20 they were still included (7 weeks 

into run-in) 

• 33% females
• <4% black
• 73% did not have cardiovascular disease
• 85% on RAASb
• 31% with DKD (25% with glomerular disease)

• Stopped early after meeting efficacy outcomes
• Follow up 2 years – 99% of patients were accounted for



EMPA Kidney

• Primary outcomes: Progression of CKD or CV death

• 13.1% of empagliflozin group vs 16.9% of placebo 

• 28% risk reduction

• Progression of CKD alone

• 29% relative risk reduction 

• CV death events (overall small)

• 1.8% of empa vs 2.1% placebo





GLP1 Receptor Agonists - LEADER

• Liraglutide
• T2DM, at least one CV condition
• 3.8 years median follow up
• Reduction in CV mortality, non-fatal MI, non-fatal stroke, all 

cause mortality

• Microvascular event outcomes including nephropathy:
• New persistent microalbuminuria, persistent doubling of the serum 

creatinine level, end-stage kidney disease, or death due to renal 
disease

• 5.7 vs 7.2% with placebo HR 0.78 95% CI 0.67-0.92
• results positive mainly due to the proteinuria findings

Marso SP, Poulter NR, Nissen SE, Nauck MA, Zinman B, Daniels GH, Pocock S, Steinberg WM, Bergenstal RM, Mann JF, Ravn LS, Frandsen KB, Moses AC, 
Buse JB. Design of the liraglutide effect and action in diabetes: evaluation of cardiovascular outcome results (LEADER) trial. Am Heart J. 2013 
Nov;166(5):823-30.e5. doi: 10.1016/j.ahj.2013.07.012. Epub 2013 Oct 2. PMID: 24176437.



GLP1 Receptor Agonists – SUSTAIN-6

• Semaglutide
• Pts with established CVD, heart failure, CKD or age ≥60 years 

with at least one cardiovascular risk factor
• Primary outcome CV death, non-fatal MI, non-fatal stroke (HR 

0.74; 95% CI 0.58-0.95, P<0.001 for non inferiority)

• New or worsening nephropathy 3.8% vs 6.1% (HR 0.64)
• Increase risk of retinopathy HR 1.76 -not seen in LEADER



LEADER & SUSTAIN 6
Post Hoc Analysis

• Effect of the Glucagon-Like Peptide-1 Receptor Agonists Semaglutide and Liraglutide on Kidney 
Outcomes in Patients With Type 2 Diabetes: Pooled Analysis of SUSTAIN 6 and LEADER

• Pooled data n=12k

• Albuminuria change, annual slope of eGFR rate change, timer to 
persistent eGFR reduction from baseline 30%, 40%, 50%, and 
57%) .

Shaman AM, Bain SC, Bakris GL, Buse JB, Idorn T, Mahaffey KW, Mann JFE, Nauck MA, Rasmussen S, Rossing P, Wolthers B, Zinman B, Perkovic V. 
Effect of the Glucagon-Like Peptide-1 Receptor Agonists Semaglutide and Liraglutide on Kidney Outcomes in Patients With Type 2 Diabetes: 
Pooled Analysis of SUSTAIN 6 and LEADER. Circulation. 2022 Feb 22;145(8):575-585. doi: 10.1161/CIRCULATIONAHA.121.055459. Epub 2021 Dec 
14. PMID: 34903039; PMCID: PMC8860212.



LEADER & SUSTAIN 6
Post Hoc Analysis

• By 2 years albuminuria decreased from baseline by 24% vs placebo

• (95% CI, 20%-27%; P<0.001)

• With semaglutide 1.0 mg and liraglutide, eGFR slope decline was 
significantly slowed by 0.87 and 0.26 mL/min/1.73 m2/y (P<0.0001 
and P<0.001)

• Effects appeared larger in patients with baseline eGFR <60 versus ≥60

• Significantly lowered risk of persistent 40% and 50% eGFR reductions 
versus placebo (hazard ratio [HR], 0.86 [95% CI, 0.75-0.99]; P=0.039 
and HR, 0.80 [95% CI, 0.66-0.97]; P=0.023, respectively)

Shaman AM, Bain SC, Bakris GL, Buse JB, Idorn T, Mahaffey KW, Mann JFE, Nauck MA, Rasmussen S, Rossing P, Wolthers B, Zinman B, Perkovic V. 
Effect of the Glucagon-Like Peptide-1 Receptor Agonists Semaglutide and Liraglutide on Kidney Outcomes in Patients With Type 2 Diabetes: 
Pooled Analysis of SUSTAIN 6 and LEADER. Circulation. 2022 Feb 22;145(8):575-585. doi: 10.1161/CIRCULATIONAHA.121.055459. Epub 2021 Dec 
14. PMID: 34903039; PMCID: PMC8860212.



Tirzepatide - Mounjaro

• DGLP1/GIP dual agonist 

• Very effective in weight loss – with or without diabetes

• Effective at reducing albuminuria



FLOW Trial – Stopped Early!

• Effect of semaglutide versus placebo on the progression of renal 
impairment in subjects with type 2 diabetes and chronic kidney 
disease

• 3508 participants with T2DM

• eGFR 50-75 ml/min and UACR 300-5000 mg/g    or

• eGFR 25-50 ml/min and UACR 100-5000 mg/g 

• Composite primary outcome event defined as persistent eGFR decline 
of greater than or equal to 50 percentage from trial start, reaching 
ESRD, death from kidney disease or death from cardiovascular disease

https://clinicaltrials.gov/ct2/show/record/NCT03819153



KDIGO DM in CKD Guidelines 2022

• A glucagon-like peptide 1 (GLP-1) receptor agonist 
with proven cardiovascular benefit is recommended 
for patients with T2D and CKD who do not meet their 
individualized glycemic target with metformin and/or 
an SGLT2i or who are unable to use these drugs.



KDIGO DM in CKD Guidelines 2022

• A nonsteroidal mineralocorticoid receptor antagonist 
(ns-MRA) with proven kidney and cardiovascular 
benefit is recommended for patients with T2D, 
eGFR ≥25 ml/min/1.73 m2, normal serum potassium 
concentration, and albuminuria (albumin-to-creatinine 
ratio [ACR] ≥30 mg/g) despite maximum tolerated 
dose of renin-angiotensin system (RAS) inhibitor.



Finerinone Trials



Finerinone

• Risk of hyperkalemia



What now?











Slow CKD, reduce mortality

• Lifestyle modification

• Smoking cessation, regular exercise, well balanced diet

• Medical Treatment

• BP and glycemic control

• ACEi/ARB, SGLT2i, NS-MRA

• Consideration of renal dosing of other medications



Monitor for CKD Progression and 
Comorbidities

• CKD Monitoring

• eGFR, UACR, UA

• CVD and dyslipidemia

• BP, CV risk stratification, lipid status

• Diabetes

• Blood glucose, HgbA1C



Additional Considerations

• Unexplained, progressive decline in eGFR > 5 ml/min or sudden 
decline in eGFR over days to weeks

• Unexplained significant proteinuria or hematuria

• Persistent hyperkalemia, resistant hypertension (uncontrolled 
on 3 anti-HTN agents including a diuretic), recurring kidney 
stones or hereditary kidney diseases (PKD)

• Other complications(anemia, mineral and bone disorders, 
metabolic acidosis, etc)



UTI Risk?



UTI Risk – What UTI risk?
Comparison Study (Publication Yr) Patients (n) Outcome

Meta-analysis

SGLT2i versus placebo Puckrin et al. (2018) (10) 72 trials: 37,116 Random-effects model risk 
ratio 1.03; 95% CI, 0.96 to 1.11

I 2 0%; 95% CI, 0 to 0

Randomized controlled trials

Canagliflozin (100 mg) 
versus placebo

Perkovic et al. (2019) (5) 4397 HR=1.08; 95% CI, 0.9 to 1.29

Canagliflozin (all doses) 
versus placebo

Neal et al. (2017) (2) 4330 40 versus 37 participants with 
an event per 1000 patient-
years; P=0.38

Dapagliflozin (10 mg) 
versus placebo

Heerspink et al. (2020) (6) 4298 No difference reported; 
details unpublished

Wiviott et al. (2018) (3) 17,143 HR=0.93; 95% CI, 0.73 to 
1.18; P=0.54

Empagliflozin (all doses) 
versus placebo

Wanner et al. (2016) (4) 7018 eGFR <60 ml/min per 1.73 m2: 
rate ratio 1.06; 95% CI, 0.86 to 
1.3

eGFR ≥60 ml/min per 1.73 m2: 
rate ratio 0.92; 95% CI, 0.8 to 
1.07

Wiegley, Nasim1; So, Paolo Nikolai2. Sodium-Glucose Cotransporter 2 Inhibitors and Urinary Tract Infection: Is There Room for Real Concern?. 
Kidney360 3(11):p 1991-1993, November 24, 2022. | DOI: 10.34067/KID.0005722022 



UTI Risk – What UTI Risk?
COMPARISON STUDY (PUBLICATION YR) PATIENTS (N) OUTCOME

Meta-analysis

SGLT2i versus active 
comparator

Puckrin et al. (2018) (10) 22 trials: 15,966 Random-effects model risk ratio 1.08; 95% CI, 0.93 to 
1.25
I 2 22; 95% CI, 0 to 54

Retrospective cohort

SGLT2i versus GLP1-RA Varshney et al. (2021) (12) 474 Composite genitourinary infection (HR=0.78; 95% CI, 
0.26 to 2.37)

SGLT2i versus DPP4i Fisher et al. (2020) (13) 416,488 Urosepsis (HR=0.58; 95% CI, 0.42 to 0.8)

SGLT2i versus DPP4i or 
GLP1-RA

Dave et al. (2019) (11) SGLT2i versus DPP4i: 123,752; SGLT2i 
versus GLP1-RA: 111,978

•Severe UTI:SGLT2i versus DPP4i: HR=0.98; 95% CI, 0.68 
to 1.41

•SGLT2i versus GLP1-RA: HR=0.72; 95% CI, 0.53 to 0.99

•Treated outpatient UTI:SGLT2i versus DPP4i: HR=0.96; 
95% CI, 0.89 to 1.04

•SGLT2i versus GLP1-RA: HR=0.91; 95% CI, 0.84 to 0.99



Sick day rules?

Risk of ketoacidosis                                                             Decreased risk of AKI



SGLT2 Inhibitors and the Risk of Acute Kidney 
Injury in Older Adults With Type 2 Diabetes

• >66 yrs with T2DM, Medicare

• New user of SGLT2i, DPP-4 inhibitor, GLP-1RA

• 68k vs 71k matched

• Mean age 72

American Journal of Kidney Diseases 2022 79858-867.e1DOI: (10.1053/j.ajkd.2021.09.015) 



SGLT2 Inhibitors and the Risk of Acute Kidney 
Injury in Older Adults With Type 2 Diabetes

• The risk of AKI was lower in the SGLT2 inhibitor group than in the DPP-4 
inhibitor group (HR, 0.71 [95% CI, 0.65-0.76]) or the GLP-1RA group (HR, 
0.81 [95% CI, 0.75-0.87]).

American Journal of Kidney Diseases 2022 79858-867.e1DOI: (10.1053/j.ajkd.2021.09.015) 



Sick day rules?

Risk of ketoacidosis                                                                                 Decreased risk of AKI



Variability between SGLT2i

• FDA approved SGTL2i

• Invokana® (canagliflozin)

• Farxiga® (dapagliflozin)

• Jardiance® (empagliflozin)

• Steglatro® (ertugliflozin) – 15 mg better for glycemic control than 
dapa 10 and empa 25 mg daily

• Brenzavvy™ (bexaglifloxin) – much lower cost



GoodRx



FIND-CKD - Ongoing

• A Trial to Learn How Well Finerenone Works and How Safe it is in Adult Participants With Non-diabetic Chronic 
Kidney Disease

• 1600 pts with non-DM kidney disease

• Inclusion Criteria:

• Urine albumin/creatinine ratio (UACR) of ≥ 200 but ≤ 3500 mg/g and 
estimated glomerular filtration rate (eGFR) ≥ 25 but < 90 
mL/min/1.73m^2 at screening, and

• Documentation of albuminuria/proteinuria in the participant's medical 
records at least 3 months prior to screening.

• Stable and maximum tolerated ACEI/ARB x 4 weeks

• K+ ≤ 4.8 mmol/L at screening

https://clinicaltrials.gov/ct2/show/NCT05047263



RENAL LIFECYCLE Trial - Ongoing

• RCT to access the effect of dapagliflozin on renal and 
cardiovascular outcomes in patients with severe CKD

• Enrolling now

• 500 dialysis patients

• 500 eGFR <20 ml/min

• 500 transplant patients

https://clinicaltrials.gov/ct2/show/NCT05374291



Real life effect

• SGLT2i, GLP1ra, DPP4, 
sulfonylureas on major 
adverse kidney events 
(MAKE) of eGFR decline 
>50%, ESKD or all cause 
mortality

• 216k with T2DM

Yan Xie, Benjamin Bowe, Andrew K. Gibson, Janet B. McGill, Geetha 

Maddukuri, Yan Yan, Ziyad Al-Aly; Comparative Effectiveness of SGLT2 

Inhibitors, GLP-1 Receptor Agonists, DPP-4 Inhibitors, and Sulfonylureas 

on Risk of Kidney Outcomes: Emulation of a Target Trial Using Health 
Care Databases. Diabetes Care 1 November 2020; 43 (11): 2859–2869.



It takes a village

• Routine clinic visits longer

• Communication with patients, pharmacists, endocrinology, 
cardiology and nephrology

• Insurance companies catching up to the data

• Patient education

• Nothing is free – it’s appropriate to be aware of risks and 
changes in recommendations as new information comes out

• Share your knowledge 



Thank you
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