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increased risk of CV death and kidney events*

*Average time to follow-up for risk assessment was 4.3 years; †eGFR in mL/min/1.73 m2; ‡A kidney event was defined as death as a result of kidney disease, requirement for dialysis or 

transplantation, or doubling of serum creatinine to >2.26 mg/dL. HR, hazard ratio. Figure used with permission of The American Society of Nephrology, from “Albuminuria and Kidney Function 

Independently Predict Cardiovascular and Renal Outcomes in Diabetes”, Ninomiya T, et al, on behalf of the ADVANCE Collaborative Group, Journal of the American Society of Nephrology, 

vol 20, pages 1813-1821, copyright 2009; permission conveyed through Copyright Clearance Center, Inc.

Ninomiya T et al. J Am Soc Nephrol 2009;20:1813 
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The content of this slide may be subject to copyright: please see the slide notes for details.

Hard renal outcome endpoints Definition of MARE. 

Incident kidney disease is defined as new onset of kidney.

https://doi.org/10.1093/ndt/gfz212


The strength of 

association
Risk factors

Very likely
Genetics, poor glycemic 

control, intensive blood pressure 

control, hypertension, lifestyle

Probable
Older age, rapid glycemic 

decline, CAN, anemia

Possible

Early-onset type 2 diabetes, 

atherosclerosis, diabetic 

retinopathy, proteinuria

Controversial Gender

Jixin Xing et al., Renal Failure Volume 46, 2024

Chronic Kidney Disease and Progression

Risk factors for rapid kidney function decline 

in diabetes patients

https://www.tandfonline.com/journals/irnf20
https://www.tandfonline.com/journals/irnf20


Glycemic control

Blood pressure 

Lifestyle modification

Other 

KDIGO DKD 
update 2022



Conclusion

In both type 1 and type 2 diabetes, poor glycemic control 

is associated with a more rapid rate of glomerular 

filtration rate decline after DKD onset, especially in 

persons with severe albuminuria.



UKPDS 1977-1997

The importance of glycaemic control

Optimal glycaemic control

early in the course of diabetes

may protect against, or delay,

long-term complications of

type 2 diabetes (beneficial

legacy effect)1,2

12% Stroke

19% Cataract extraction

16% Heart failure

14% Myocardial infarction

43%
Lower extremity

amputation or fatal 

peripheral vascular disease

Microvascular complications37%

1. Khunti et al. Diabetes Care. 2013;(36):3411–3417.

2. Holman et al. N Engl J Med. 2008;359(15):1577–1589.

3. Stratton et al.. BMJ. 2000;321(7258):405–412.



https://easd-elearning.org/44-years-of-the-ukpds/

44 years UKPDS follow up 

EASD 2022 



HRs for four prespecified aggregate clinical outcomes

HRs for the UK Prospective Diabetes Study participants who 

had 

any diabetes-related endpoint (A–B), 

myocardial infarction (C–D), 

microvascular disease (E–F), or 

who died from any cause (G–H) 



Date of Download:  9/2/2023 Copyright © 2023 American Diabetes Association. All rights reserved.

From: The Legacy Effect in Type 2 Diabetes: Impact of Early Glycemic Control on Future 

Complications (The Diabetes & Aging Study) 

Diabetes Care. 2018;42(3):416-426. doi:10.2337/dc17-1144
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ACE, angiotensin-converting enzyme inhibitor; 

ACR, albumin-creatinine ratio; ARB, 

angiotensin II receptor blocker; ASCVD, 

atherosclerotic cardiovascular disease; BP, 

blood pressure; CCB, calcium channel blocker; 

CGM, continuous glucose monitoring; eGFR, 

estimated glomerular filtration rate; GLP-1 RA, 

glucagon-like peptide-1 receptor agonist; 

HbA1c, glycated hemoglobin; HTN, 

hypertension; LDL-C, low-density lipoprotein 

cholesterol; MRA, mineralocorticoid receptor 

antagonist; PCSK9i, proprotein convertase 

subtilisin/kexin type 9 inhibitor; SGLT2, 

sodium-glucose cotransporter-2; T2D, Type 2 

diabetes; TG, triglycerides

2024

Kidney International 2024 105S117-S314DOI: (10.1016/j.kint.2023.10.018) 

MANAGEMENT- CKD



Effect of sodium glucose co-transporter-2 inhibition on kidney disease 
progression by presumed primary kidney

www.thelancet.com Published online November 6, 2022
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Nephrol Dial Transplant, Volume 39, Issue 12, December 2024, Pages 2040–2047, 

https://doi.org/10.1093/ndt/gfae106

Graphical Abstract 

https://doi.org/10.1093/ndt/gfae106


GLP1
Macroalbuminuria

Daira et al., Cardiovasc Diabetol. 2021



GLP1
Renal Endpoints

Daira et al., Cardiovasc Diabetol. 2021





• CONCLUSIONS

• Semaglutide reduced the risk of clinically 
important kidney outcomes and death 
from cardiovascular causes in patients 
with type 2 diabetes and chronic kidney 
disease. (Funded by Novo Nordisk; FLOW 
ClinicalTrials.gov number, NCT03819153.)







Effects of tirzepatide versus insulin glargine on kidney outcomes in type 2 diabetes in 
the SURPASS-4 trial: post-hoc analysis of an open-label, randomised, phase 3 trial

September 21, 2022

UACR

UACR

eGFR
Composite REP

CVM
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BLOOD 
PRESSURE



UKPDS

From: Blood Pressure and the U.K. Prospective Diabetes Study 

Diabetes Spectr. 2001;14(4):235-240. doi:10.2337/diaspect.14.4.235



Date of Download:  1/17/2025 Copyright © 2025 American Diabetes Association. All rights reserved.

From: Blood Pressure and the U.K. Prospective Diabetes Study 

Diabetes Spectr. 2001;14(4):235-240. doi:10.2337/diaspect.14.4.235

Adjusted incidence of myocardial infarction per 1,000 person-years (%) by systolic blood pressure. Reprinted with permission from Ref. 17.

UKPDS



Makoto Fujii et al., Hypertens Res, 2023

•. 2023
•. 2023

•. 2023

Overall, 20.83% of patients with DM had a rapid decline in renal function within 

the observation period. A rapid decline in renal function was 

associated with high systolic blood pressure, poor or strict DM 

control, increased urinary protein excretion, and decreased blood hemoglobin 

levels. 



Elaine Ku et al. CJASN 2018;13:693-701
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Blood Pressure control 



Blood Pressure control 







Between Sept 17, 2019, and July 13, 2020, 11 255 participants 

(4359 with diabetes and 3022 with previous stroke) were 

assigned to intensive treatment (n=5624) or standard treatment 

(n=5631).



Interpretation

For hypertensive patients at high cardiovascular risk, regardless of the status of 

diabetes or history of stroke, the treatment strategy of targeting systolic blood 

pressure of less than 120 mm Hg, as compared with that of less than 140 mm 

Hg, prevents major vascular events, with minor excess risk.



RAAS in RCTs
ALBUMINURIA REDUCTION

Kidney International (2014) 86, 40–49; doi:10.1038/ki.2013.490



ACE, angiotensin-converting enzyme inhibitor; 

ACR, albumin-creatinine ratio; ARB, 

angiotensin II receptor blocker; ASCVD, 

atherosclerotic cardiovascular disease; BP, 

blood pressure; CCB, calcium channel blocker; 

CGM, continuous glucose monitoring; eGFR, 

estimated glomerular filtration rate; GLP-1 RA, 

glucagon-like peptide-1 receptor agonist; 

HbA1c, glycated hemoglobin; HTN, 

hypertension; LDL-C, low-density lipoprotein 

cholesterol; MRA, mineralocorticoid receptor 

antagonist; PCSK9i, proprotein convertase 

subtilisin/kexin type 9 inhibitor; SGLT2, 

sodium-glucose cotransporter-2; T2D, Type 2 

diabetes; TG, triglycerides
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Kidney International 2024 105S117-S314DOI: (10.1016/j.kint.2023.10.018) 

MANAGEMENT- CKD
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• 1. Brenner BM, et al. N Emgl J Med 2001; 345:861-869; 2 2. Lewis EJ et al. N Engl J Med 2001; 345:851-860

RAASi do not reduce risk of death for CKD patients

Effect of losartan and irbesartan, compared to placebo, on the risk of renal composite1,2





Jordana B. Cohen, Adam P. Bress, AJKD 2024

Mechanistic targets of several existing (light blue) and novel (brown) 
antihypertensive classes currently under investigation. Abbreviations: ACEI, 
angiotensin-converting enzyme inhibitor; Ang, angiotensin; ARB, angiotensin 
receptor blocker; ANP, A-type natriuretic peptide; AT1R, angiotensin type 1 
receptor; BNP, B-type natriuretic peptide; CNP, C-type natriuretic peptide; DRI, 
direct renin inhibitor; ETAR, endothelin type A receptor; ETBR, endothelin type 
B receptor; MR, mineralocorticoid receptor; MRA, mineralocorticoid receptor 
antagonist; NPRA, natriuretic peptide receptor A.









• SPARSANTAN: an Endothelin Receptor Antagonist and Angiotensin 2 Receptor Blocker. 

SPARSANTAN

https://pubchem.ncbi.nlm.nih.gov/compound/Angiotensin 2


UACR





Aldosterone synthase 
inhibition with or without 
background sodium-glucose 
cotransporter-2 inhibition in 
CKD: a Phase II clinical trial

Katherine R Tuttle, Sibylle J Hauske, Maria Eugenia 

Canziani, Maria Luiza Caramori, David Cherney, Lisa 

Cronin, Hiddo JL Heerspink, Christian Hugo, Masaomi 

Nangaku, Ricardo Correa Rotter, Arnold Silva, Shimoli V 

Shah, Zhichao Sun, Dorothea Urbach, Dick de Zeeuw, 

and Peter Rossing

for the ASi in CKD Study Group

Baxdrostat



Primary endpoint: UACRFMV percentage change from 
baseline to week 14

Adjusted effect of log-transformed UACR from baseline to week 14 was estimated using a mixed model for repeated measures (MMRM). 
The MMRM included the fixed effects of treatment at each visit, baseline (continuous) at each visit, and baseline, visit, treatment, and
randomization stratum as main effects, as well as random effects of patient
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Primary endpoint: UACRFMV percentage change from 
baseline to week 14

Patients with empagliflozin in the background

Adjusted effect of log-transformed UACR from baseline to week 14 was estimated using a mixed model for repeated measures (MMRM). 
The MMRM included the fixed effects of treatment at each visit, baseline (continuous) at each visit, and baseline, visit, treatment, and
randomization stratum as main effects, as well as random effects of patient
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Additional endpoint: Change in eGFR

Change from baseline 

to week 14

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

BI 690517 placebo –1.17 (–3.04, 0.70) Ref

BI 690517 3 mg –3.51 (–5.67, –1.35) –2.34 (–5.15, 0.47)

BI 690517 10 mg –4.75 (–7.35, –2.16) –3.59 (–6.68, –0.50)

BI 690517 20 mg –4.13 (–6.32, –1.94) –2.96 (–5.80, –0.11)

Patients with empagliflozin in the backgroundPatients without empagliflozin in the background
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Week

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

–0.69 (–2.39, 1.01) Ref

–1.64 (–3.34, 0.06) –0.95 (–3.33, 1.43)

–3.04 (–5.11, –0.97) –2.35 (–4.98, 0.28)

–4.40 (–7.56, –1.24) –3.71 (–7.21, –0.21)

BI 690517 had similar effects on eGFR irrespective of empagliflozin background treatment



Additional endpoint: Change in systolic blood pressure

Change from baseline to 

week 14

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

BI 690517 placebo 1.09 (–3.35, 5.53) Ref

BI 690517 3 mg –2.80 (–8.15, 2.56) −3.89 (−10.73, 2.95)

BI 690517 10 mg –0.72 (–5.18, 3.74) −1.81 (−8.10, 4.48)

BI 690517 20 mg –4.94 (–9.44, –0.43) −6.03 (−12.44, 0.38)

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

2.47 (–1.30, 6.23) Ref

–4.56 (–7.94, –1.17) –7.02 (–12.02, –2.02)

–5.34 (–10.04, –0.64) –7.81 (–13.69, –1.92)

–5.78 (–9.37, –2.19) –8.25 (–13.40, –3.09)

Patients with empagliflozin in the backgroundPatients without empagliflozin in the background
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Additional endpoint: Change in systolic blood pressure

Change from baseline to 

week 14

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

BI 690517 placebo 1.09 (–3.35, 5.53) Ref

BI 690517 3 mg –2.80 (–8.15, 2.56) −3.89 (−10.73, 2.95)

BI 690517 10 mg –0.72 (–5.18, 3.74) −1.81 (−8.10, 4.48)

BI 690517 20 mg –4.94 (–9.44, –0.43) −6.03 (−12.44, 0.38)

Mean change 

(95% CI)

PBO-corrected 

change (95% CI)

2.47 (–1.30, 6.23) Ref

–4.56 (–7.94, –1.17) –7.02 (–12.02, –2.02)

–5.34 (–10.04, –0.64) –7.81 (–13.69, –1.92)

–5.78 (–9.37, –2.19) –8.25 (–13.40, –3.09)

Patients with empagliflozin in the backgroundPatients without empagliflozin in the background
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More pronounced SBP changes were observed with BI 690517 in combination with empagliflozin vs placebo background



MRAs



Jessica Kearney, andLuigi Gnudi et al., 2023



Tatsufumi Oka. Hypertension. 2022

The main inclusion criteria were estimated glomerular 
filtration rate ≥10 and <60 mL/min per 1.73 m2 and 
follow-up ≥90 days.

The primary outcome was RRT initiation, defined as the 
initiation of chronic hemodialysis, peritoneal dialysis, or kidney 
transplantation. 
The secondary outcomes were the composite of death from 
any cause and RRT initiation



Tatsufumi Oka. Hypertension. Mineralocorticoid Receptor Antagonist 

Use and Hard Renal Outcomes in Real-World Patients With Chronic 

Kidney Disease, Volume: 79, Issue: 3, Pages: 679-689, DOI: 

(10.1161/HYPERTENSIONAHA.121.18360) 

© 2022 The Authors. Hypertension is published on behalf of the 

American Heart Association, Inc., by Wolters Kluwer Health, Inc. 

This is an open access article under the terms of the Creative 

Commons Attribution Non-Commercial-NoDerivs License, which 

permits use, distribution, and reproduction in any medium, provided 

that the original work is properly cited, the use is noncommercial, 

and no modifications or adaptations are made.
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Nephrol Dial Transplant. 2023 Feb

Nephrol Dial Transplant. 2023 Feb; 38(2): 372–383.Published online 2022 Apr 22. doi: 10.1093/ndt/gfac157



ACE, angiotensin-converting enzyme inhibitor; 

ACR, albumin-creatinine ratio; ARB, 

angiotensin II receptor blocker; ASCVD, 

atherosclerotic cardiovascular disease; BP, 

blood pressure; CCB, calcium channel blocker; 

CGM, continuous glucose monitoring; eGFR, 

estimated glomerular filtration rate; GLP-1 RA, 

glucagon-like peptide-1 receptor agonist; 

HbA1c, glycated hemoglobin; HTN, 

hypertension; LDL-C, low-density lipoprotein 

cholesterol; MRA, mineralocorticoid receptor 

antagonist; PCSK9i, proprotein convertase 

subtilisin/kexin type 9 inhibitor; SGLT2, 

sodium-glucose cotransporter-2; T2D, Type 2 

diabetes; TG, triglycerides
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Kidney International 2024 105S117-S314DOI: (10.1016/j.kint.2023.10.018) 

MANAGEMENT- CKD
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Approach and planning

Combination Strategies



Incidence of UKPDS composite endpoints in 4,320 
patients, as rate per 1,000 person-years. 

A- Any diabetes-related endpoint, 
B- diabetes-related deaths, 
C- all-cause mortality, d myocardial infarction, 
E- microvascular disease, 
F- stroke. 
Values are for 16 different combinations of updated 
mean HbA1c and updated mean SBP. Unadjusted rates 
are shown for the three primary and three secondary 
composite endpoints

I. M. Stratton et al., Diabetologia 2006
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Estimated treatment effects on cardiovascular outcomes with SGLT2i, GLP-1 RA, and ns-MRA, alone and in 

combination, when added to renin-angiotensin system blockade in patients with type 2 diabetes.

Brendon L. Neuen et al., CIRCULATION 2024



Estimated treatment effects on cardiovascular outcomes with SGLT2i, GLP-1 RA, and ns-MRA, alone and in 
combination, when added to renin-angiotensin system blockade in patients with type 2 diabetes.

Brendon L. Neuen et al., CIRCULATION 2024



Brendon L. Neuen et al., CIRCULATION 2024

Estimated treatment effects on CKD progression and all-cause mortality with SGLT2i, GLP-1 RA, and ns-MRA, alone 
and in combination, when added to renin-angiotensin system blockade in patients with type 2 diabete



Alessio Mazzieri et al ., Int. J. Mol. Sci. 2024



Jessica Kearney, andLuigi Gnudi et al., 2023



Jessica Kearney, andLuigi Gnudi et al., 2023
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