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Objectives

• Define chronic kidney disease (CKD) with a review of staging 
and risk factors for progression.

• Briefly review the epidemiology of CKD/ESRD

• Review the current understanding of the pathophysiology of 
disease progression

• Discuss current strategies that target the progression of CKD

• Discuss the future of CKD management emphasizing disease 
progression



The Approach

Lancet 2021; 398; 786-802



KDIGO 2012 Clinical Practice Guidelines for the Evaluation and Management of 
Chronic Kidney Disease.



The Importance of Proteinuria

• Regardless of the underlying etiology of CKD, proteinuria is a negative 
prognostic factor.

• Higher degrees of urinary protein excretion are associated with a more rapid 
decline in GFR

• Interventions that reduce proteinuria are frequently associated with slower 
progression of kidney disease.



Figure 5 | Summary of categorical meta-analysis (adjusted relative risk (RR)) for general population 
cohorts with albumin-to-creatinine ratio (ACR).

Kidney International (2011) 80, 17–28



Centers for Disease Control and Prevention. Chronic Kidney Disease in the United States, 2021. Atlanta, 
GA: US Department of Health and Human Services, Centers for Disease Control and Prevention; 2021.







Pathophysiology of CKD Progression

• Activity of Underlying Disease

– Diabetes Mellitus

– Cardiac and Hepatic Disease

– Obesity

– Primary and Secondary Glomerulonephritis:  Ongoing Inflammation or 
episodic inflammatory flares

– Genetic Conditions:  Autosomal Dominant Polycystic Kidney Disease

– HTN

– AKI



N Engl J Med 2014; 371:58-66 DOI: 10.1056/NEJMra1214243



Kidney Responses to Injury:  How the physiology of 
the damaged kidney contributes to CKD progression.

• Glomerular Hyperfiltration:  Adaptive increase in single-nephron 
GFR

• Adaptation to Acidosis

• HTN

• Tubular hyper-reabsorption

• Oxidative Stress

• Proteinuria

• Fibrosis



Glomerular Hyperfiltration

• Total GFR is the sum of all single nephron GFR’s

• In increase in SNGFR with a normal number of nephrons with result in an 
absolute increase in total GFR:  absolute hyperfiltration

• This can occur in healthy individuals: pregnancy, high protein intake

• It can occur in pathologic states: diabetes, obesity or polycystic kidney 
disease

• With a reduction of the total number of nephrons an increase in SNGFR with 
drive the total GFR towards normal:  adaptive hyperfiltration.



Adaptive Hyperfiltration

• Determinants of SNGFR:

– SNGFR = k x S x [(PGC – PT) – (πGC – πT)]

– In most situations the primary determinant of SNGFR is PGC

– Variables affecting PGC:

• Systemic Blood Pressure

• Pre-Glomerular Resistance---Afferent Arteriole vascular tone

• Post-Glomerular Resistance----Efferent Arteriole vascular tone





The diabetic effect…

• Diabetic nephropathy begins with a hyperfiltration phase followed by 
albuminuria then GFR decline.

• The RAAS, COX2 and nitric oxide systems are thought to be involved in the 
regulation of efferent and afferent tone in DM nephropathy---the 
hemodynamic hypothesis.

• Alternatively, there is the tubular hypothesis:  high concentrations of glucose 
in the glomerular filtrate drives sodium resorption---reduced sodium chloride 
delivery to the macula densa leads to reduced afferent arteriolar tone and 
hyperfiltration.



Cortinovis, M., Perico, N., Ruggenenti, P. et al. Glomerular hyperfiltration. Nat Rev Nephrol (2022). 



Ongoing Damage

• Reduction in kidney mass leads to increased SNGFR in the remaining 
functional nephrons.

• Increases in glomerular capillary hydraulic pressure create tensile stress and 
fluid low induced shear stress leading to increased GBM length and podocyte 
foot process length.

• Over years this leads to changes in capillary membrane permeability to water 
and macromolecules---podocyte injury and ultimately effacement.  

• Podocytes have limited capacity for self renewal.



Interventions to reduce hyperfiltration (proteinuria)

• RAS Inhibition

• SLGT-2 Inhibitors

• Aldosterone Antagonists

• BP Control In General



HTN and Kidney Disease



How does kidney disease cause HTN?

• Volume Expansion:  sodium retention.  Particularly with glomerular disease.  

– Occurs through reduced GFR and through increased tubular resorption

• Resistance to atrial natriuretic peptide and increased activity of Na-K ATPase in the cortical 
collecting duct.

• Activation of RAS

• Enhanced activation of the sympathetic nervous system

• Increased intracellular calcium (secondary hyperparathyroidism) increases vascular 
tone.

• Erythropoietin treatment

• Uremia impairs nitric oxide synthesis



HTN in CKD:  Core Curriculum 2019.  AJKD. 3/19/2019



How does HTN cause kidney disease?

• Chronic HTN causes remodeling of the afferent arteriole reducing its ability to 
constrict and dilate.

• Loss of auto regulation means increased single nephron glomerular 
pressure.

• Over time this leads to nephrosclerosis and progressive loss of function.

Ku, E. et al.  AJKD.  Hypertension in CKD: Core Curriculum 2019.  74:1, 7/2019, pp: 120-131.



Management of HTN in non-diabetic CKD

• Proteinuric Disease

– Lower rates of progression are associated with BP targets of < 130/80

• RAS inhibitors are first line treatment

• Mineralocorticoid receptor antagonists further reduce proteinuria when added to ACE or ARBs

• Non-dihydropyridine Ca channel blockers have been shown to have anti-proteinuric effects

• In non-proteinuric CKD there is no preferential benefit of RAS inhibitors. 



MDRD, AASK and REIN-2

• None of these large randomized, controlled trials testing the use of lower BP targets 
(goals lower than 140/90) demonstrated a reduction in the progression of CKD to 
ESRD. 

• Each of these trials was limited in duration

– MDRD: 2.2 years

– AASK: 3.7 years

– REIN-2: 1.6 years

• Observational studies with longer follow up associated lower BP with higher rates of 
all cause mortality.

• A meta-analysis of MDRD and AASK with extended follow up was performed.



AASK and MDRD

Usual BP: Mean ABP: 102-107 versus Strict BP: ≤ 92



• Unadjusted relative risk of ESRD was 0.88 (95% CI 0.77 to 1.10)

• Unadjusted relative risk of death was 0.87 (95% CI 0.76 to 0.99)

• For study participants who had < 1 g proteinuria RR = 1.05 (CI 0.83 to 1.32)

• For study participants who had > 1 g proteinuria RR = 0.59 (CI 0.41 to 0.85)

J Am Soc Nephrol. 2017 Feb; 28(2): 671–677. 

https://www-ncbi-nlm-nih-gov.proxy.mul.missouri.edu/pmc/articles/PMC5280023/


Which agents to use?

• In non-Proteinuric kidney disease, start with a diuretic if possible (2C), though 
it is primarily about what works.

• In Proteinuric kidney disease begin with RAS inhibition if possible (1B)



RAS Inhibition

• Angiotensin Converting Enzyme (ACE) Inhibitors and Angiotensin Receptor 
Blockers (ARB)

• Foundational treatment for proteinuric kidney disease.

• Dilation of both the afferent and most importantly efferent arterioles lower 
glomerular filtration pressure.

• There appear to be additional anti-proteinuric effects: despite the acute 
nature of the hemodynamic changes there is a prolonged decline in protein 
excretion of weeks/months.

• Likely there are direct podocyte effects from angiotensin II.

• There are also anti-fibrotic effects from RAS inhibition.





• ACEi and ARBs reduce proteinuria by about 30-35% in both nondiabetic and diabetic CKD.  
(multiple studies dating back to the late 1980’s)

• Reduction in proteinuria is dose related.

• RAS inhibitors reduce the progression of Proteinuric CKD.

• List of trials:

– RENAAL

– ROAD

– REIN-1

– AASK

– IDNT

– KVT



Figure 3. Kidney survival in 322 patients with proteinuric, chronic nephropathies according to 
treatment and tertiles of basal GFR.

Piero Ruggenenti et al. JASN 2001;12:2832-2837

©2001 by American Society of Nephrology



Complications and Controversies

• Hyperkalemia: relative in the age of zirconium cyclosilicate and patiromir.

• Reduced eGFR: controversial, no specific recs on eGFR thresholds.  

• KDIGO: 

– Pts at increased risk of AKI: particularly with hypotension/hyperkalemia



What about Gout? Elevated uric acid?

• Animal studies demonstrate a potential mechanistic role of elevated uric acid 
in the progression of CKD.

• Epidemiologic studies suggest an association

• KDIGO lists it as an “area of uncertainty”

• Another chicken and egg phenomenon—Which came first the hyperuricemia 
or the CKD?



Diabetic Kidney Disease

• A (?The) major cause of ESRD.  Affects up to 50% of those diagnosed with 
DM.

• 44% of patients initiating dialysis in the United States carried the diagnosis of 
DKD.

• DKD encompasses the spectrum of people with DM who have either 
albuminuria or reductions in renal function.

• There is significant variation in individual rates of CKD progression and 
outcomes have improved over the last four decades.

Diabetes Obes Metab. 2020;22(Suppl. 1): 3-15.



• Definition: persistent albuminuria, co-existing retinopathy, no evidence of 
alternative kidney disease.

• Rarely presents earlier than 10 years from DM diagnosis.  

• This works well for DM I, not so well for DM II.

• DKD is much more variable in DM II---consistent with the variability of the 
disease itself.  



Anders, HJ., et al. CKD in diabetes: diabetic kidney disease versus nondiabetic kidney disease. Nat 
Rev Nephrol 14, 361–377 (2018). 



Factors affecting DM Progression

• DM I vs DM II

• Glycemic Control

• Lifestyle Factors: obesity, sodium intake, smoking

• Genetic Variability

• BP Control---RAS Inhibition

• Use of SGLT2i



Glycemic Control

N Engl J Med 2011; 365:2366-2376
DOI: 10.1056/NEJMoa1111732

Intensive (achieved A1C: 7.3%) 
vs. Conventional (achieved A1C: 
9.1%) diabetes therapy in type I 
DM.



DM II is less clear

• UKPDS: 3867 participants.  A1C for intensive = 7.0%, diet control = 7.9%.  
Differences were not observed in development of albuminuria or doubling of 
creatinine.

• ADVANCE: 11,140 participants.  Intensive (A1C = 6.5%), Standard (A1C = 
7.3%).  Incidence in worsening DN was reduced (HR: 0.79):  doubling of 
creatinine, development of A3 albuminuria.  There was a trend toward 
reduction in need for RRT.

• ACCORD: 10,251 participants.  Discontinued secondary to higher mortality in 
the intensive arm.



Summary

• Intensive control can reduce the risk of DN and DN progression but increases 
risk of hypoglycemic events.

• The evidence is clearer for type I DM.

• Intensive control does not eliminate the risk of DN.



RAS Inhibition

• RAS inhibition is foundational to the management of DN.

• In DM I: Captopril reduced the risk of doubling in serum creatinine by about 
50%.  It definitively reduced proteinuria. (N Engl J Med. 1993: 329(20): 1456-
1462)

• In DM II: 

– IDNT: 1715 participants: irbesartan resulted in 20% risk reduction in doubling of serum 
creatinine, ESKD or death vs. amlodipine or placebo.

– RENAAL :  1513 participants: losartan resulted in 16% risk reduction in doubling of serum 
creatinine, ESKD or death 



RENAAL

N Engl J Med 2001; 
345:861-869



SGLT 2 Inhibition

• These agents reduce serum glucose by inhibiting glucose resorption in the 
proximal tubule

• This results in decreased single nephron filtration through increased sodium 
at the macula densa and has been shown to reduce the progression of DN.

• CREDENCE: Canagliflozin and renal outcomes in type 2 diabetes and 
nephropathy.  Doubling of creatinine, ESRD, death from renal cause was 
reduced by 34% in the canagliflozin group. (N Engl J Med 2019; 380:2295-
2306  DOI: 10.1056/NEJMoa1811744)

• DAPA-CKD: Hazard ratio for 50% decline in eGFR, ESKD, death from renal 
cause was 0.56 in the dapagliflozin group.  This study included both diabetic 
and non-diabetic CKD patients.



Renal-Specific Composite 
Outcome:  ESKD, Doubling of 
serum creatinine, renal death.

N Engl J Med 2019;380:2295-306

CREDENCE



N Engl J Med 2019;380:2295-306



N Engl J Med 2020; 383:1436-1446 DOI: 10.1056/NEJMoa2024816



Cautions with SGLT2 Inhibitors

CJASN 16: ccc–ccc, 2021. doi: https://doi.org/10.2215/CJN.18881220



EMPA-Kidney Trial
54% of recruited patients
had no prior history of 
DM.

Lower eGFR’s, down to 
20 ml/min were 
included.

Trial ended early—final 
f/u completed 7/2022

Results release 
anticipated later this 
year.





Mineralocorticoid Receptor Antagonists (MRAs)

• Adding the MRAs spironolactone and eplerenone to RAS inhibition has been 
shown to reduce albuminuria by 25-30% but with an increased risk of 
hyperkalemia and no significant change in CKD progression (as measured 
by GFR)

• Finerenone is a nonsteroidal MRA with greater receptor selectivity---
FIDELIO-DKD:  Finerenone in Reducing Kidney Failure and Disease 
Progression in Diabetic Kidney Disease

• 5734 patients with DM II and CKD (eGFR 25 – 74), UACR of 300-5000 mg/g.  
Finerenone vs placebo.



• Primary composite endpoint: ESKD, sustained decrease in eGFR > 40% or 
death from a kidney cause.

• 18% lower incidence of the primary endpoint

• Higher incidence of hyperkalemia in the finerenone group which lead to a 
higher discontinuation rate c/w placebo.

• Only 4.6% of participants were treated with SGLT-2 inhibitor, 6.9% with a 
GLP-1 receptor agonist.

Bakris GL et al, Effect of finerenone on chronic kidney disease outcomes in type 2 diabetes.  NEJM 
2020;383:2219=29.





Diabetes  Obes Metab.2022;24:1197–1205



FIGARO and FIDELITY Trials

• Similar to FIDELIO-DKD trial but the primary endpoints were cardiovascular, 
secondary endpoints were renal:  sustained eGFR decrease ≥ 40%, kidney failure, 
death from renal causes.

• Renal outcomes were reduced by 13% in the finerenone group over a mean f/u of 
3.4 years.

• Both FIDELIO and FIGARO were done with maximized RAS blockade.

• FIDELITY:  time to event outcome.  Kidney outcomes: kidney failure, a sustained ≥ 
57% decrease in eGFR from baseline over ≥ 4 weeks, or renal death.  

• 23% risk reduction in eGFR decrease, 20% risk reduction in progression to ESKD.



New vs. Old

• Finerenone has higher selectivity than spironolactone

• Finerenone has higher MR affinity than eplerenone.

• Finerenone had reduced rates of hyperkalemia and kidney dysfunction than 
spironolactone.

• Smaller effect on blood pressure.

• Unlike steroidal MRA’s, finerenone has been shown to reduce the decline in 
eGFR in DKD.



Guidelines….

• KDIGO has yet to comment on finerenone.

• US Food and Drug Administration and the European Medicines Agency have 
approved its use for CKD in patients with type II DM.

• American Diabetes Association recommends finerenone to reduce 
progression of CKD in high risk patients who cannot tolerate SGLT-2 I’s. 



Ther Adv Endocrinol Metab. 
2022, Vol. 13: 1–14



Glucagon-like Peptide-1 Receptor Agonists: GLP-1 
RA

• Shown to reduce risk of cardiovascular events in patients with DM II

• Glucagon like peptide-1 receptor agonists have shown potential efficacy 
decreasing renal outcomes in cardiovascular studies

• LEADER Trial (Liraglutide Effect and Action in Diabetes: Evaluation of 
Cardiovascular Outcome Results) evaluated microvascular, retinal and 
kidney composite outcome.  

• For kidneys: new-onset UACR > 300, doubling of creatinine, eGFR <45, 
ESKD or death from renal cause. 

• Kidney events were reduced: HR = 0.78, p = 0.003)



• SUSTAIN-6:  Semaglutide and Cardiovascular Outcomes in Patients with Type 2 
DM.  

• Semaglutide group vs placebo:  reduction in nephropathy, HR: 0.64, p = 0.005.  

• Outcome was primarily driven by a reduction in the incidence of UACR > 300

• REWIND: Dulaglutide and CV Outcomes in Type 2 Diabetes also showed a 
decrease in kidney outcomes

• In a 2019 meta-analysis, GLP-1 receptor agonists reduced renal outcomes by 17%.  

• The FLOW and REMODAL trails (specifically focusing on kidney outcomes and 
renal protective mechanisms) are ongoing.



Ther Adv Endocrinol Metab. 2022, Vol. 13: 1–14



Dual GIP/GLP-1 Receptor Agonist:  Tirzepatide

• SURPASS showed profound glycemic and weight reducing benefits which 
may translate to kidney protection.

• Analysis of SURPASS-4 by Heerspink, et al showed a HR of 0.59 for new 
onset macroalbuminuria and eGFR decline.

• Like GLP-1 receptor agonists, kidney specific outcomes studies are needed.



J Osteopath Med 2022; 122(1): 55-63



Acidosis is not good for kidneys

Kidney Med Vol 3 | Iss 2 | March/April 2021



JASN March 2020, 31 (3) 469-482; DOI: https://doi.org/10.1681/ASN.2019070677



Am J Kidney Dis 54:270-277. © 2009 by the National Kidney Foundation, Inc.





The effect of oral alkali supplementation or dietary acid 
reduction on decline in GFR.

www.cjasn.org Vol 
14 July, 2019



High Protein Intake

• An animal protein-rich meal leads to an acute decline in renal vascular resistance 
accompanied by increased renal plasma flow and GFR.

• It appears that this effect occurs because of a complex interplay of hormonal 
responses:  glucacon, RAAS, nitric oxide, prostaglandins. 

• Proteins derived from meat can lead to a 15-25% increase in GFR.

• Vegetable proteins have a much more limited effect.

• The popularity of high protein, low carbohydrate diets have stimulated an interest in 
the role of this protein effect in CKD.

• Animal models (rodent, pigs) have demonstrated hyperfiltration, proteinuria, and a 
greater prevalence of kidney histological damage compared with normal diet 
controls.  



• There have been mixed results in human studies.

• Limited by design, accuracy of measuring protein consumption, lack of a 
uniform definition of high protein intake.

• But there does seem to be a difference in progression of disease.  

• How practical are these protein restrictions in our patient population?



Low-protein diet for conservative management of chronic kidney disease: a systematic 
review andmeta-analysis of controlled trials

A. 4% risk reduction 
in progression to 
ESRD

B. Trend toward 
reduced risk of 
all cause death

C. Higher Bicarb 
with LPD

D. No difference in 
phosphorus with 
LPD

Journal of Cachexia, Sarcopenia 
and Muscle:  2018;9: 235–245



What to do?

• Daily protein consumption in adults in the US (2001 – 2014, NHANES): 1.1 to 1.5 
g/kg/day.  Varies with age and sex.

• In adults without CKD minimal protein intake to avoid negative nitrogen balance is 
approximately 0.8g/kg/day.

• 2020 KDOQI update recommends 0.55 to 0.6 g/kg/day for CKD III to V.  Lower with 
AA supplementation.  Diabetics: 0.8 g/kg/day.  Illness: 1.0 g/kg/day.  Strength of 
recommendation: 2C---weak recommendation: closely balanced risks and benefits.

• The committee’s justification for the committee’s revised goals are based on 
glomerular hyperfiltration observed with higher protein diets, theoretically reduced 
uremic toxins and phosphorus. 

• KDIGO 2012 recommendations:  0.8 g/kg/day for eGFR <30, avoid high protein 
intake (> 1.3 g/kg/day).  Guideline update launched in 1/2022.



Diabetes Ther (2021) 12:21–36

Effect of low protein diet (0.6 to 0.8 g/kg/day) on eGFR in diabetic 
pts with CKD I to III



Diabetes Ther (2021) 12:21–36

Effect of low protein (0.6 to 0.8g/kg/day) diet on proteinuria



American Journal of Kidney Diseases 2020 76546-557DOI: (10.1053/j.ajkd.2020.03.023) 

Copyright © 2020 National Kidney Foundation, Inc. Terms and Conditions

“Avoid 
Nephrotoxins….”

Prostaglandins and the 
nephron

http://www.elsevier.com/termsandconditions


American Journal of Kidney Diseases 2020 76546-557DOI: (10.1053/j.ajkd.2020.03.023) 

Copyright © 2020 National Kidney Foundation, Inc. Terms and Conditions

NSAIDS provide their analgesic/anti-inflammatory and 
antipyretic effects through inhibition of cyclooxygenase (COX) 
enzymes.

http://www.elsevier.com/termsandconditions




It’s not just about the 
lower GFR…





What to do?  Can’t use opiods, acetaminophen 
doesn’t work, nephrologist says no NSAIDS…



Conclusions

• There has been an encouraging expansion of options to slow down the progression 
of CKD.

• Life style modification that may make a difference:  reasonable protein 
reduction/plant based diet, smoking cessation, exercise, wgt loss. 

• All pts with proteinuric CKD should be on RAS inhibition unless there is a contra-
indication.

• In DM Nephropathy SGLT-2 Inhibitors, and GLP-1 Agonists should be strongly 
considered in addition to RAS inhibition for appropriate patients.

• Finerenone should be considered in patients with DKD 

• Metabolic Acidosis in patients with CKD should be treated.
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