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Objectives

» Detect and risk stratify CKD with both estimated GFR (eGFR)
and urine albumin-creatinine ratio (UACR).

» Assess kidney and cardiovascular risk using heat maps and
prediction equations.”

» Use risk stratification to inform kidney and cardioprotective
interventions.

» Integrate Cardiovascular-Kidney-Metabolic (CKM) focused
screening and management into routine practice.



Case Presentation

e Medications:

* 65-year-old man v
* Type-2 diabetes since v
2005, dyslipidemia and
hypertension
complicated by Heart
Failure with preserved
Ejection Fraction

(HFpPEF).

S SN NI

lisinopril 20 mg daily,
metoprolol succinate 100
mg daily,

clopidogrel 30 mg daily,
aspirin 81 mg daily,
atorvastatin 40 mg daily,
insulin lispro and
glargine.

° D|abet|c re“nopathy * BP 136/84 P72 BMI 32 kg/rn2

? You are doing the initial evaluation.
e What CKD tests do you order?



What CKD Tests do you order?

e Creatinine — which panel?
e (Cystatin C—no available panel

e Urinalysis
* Urine albumin-creatinine ratio
* Urine protein-creatinine ratio



What is the recommended test of kidney
function for outpatients in routine practice?

A. Cockcroft Gault creatinine clearance
B. eGFR using the MDRD Study equation

C. eGFR using the 2009 CKD-EPI equation using creatinine with
and without a race coefficient

D. eGFR using the 2009 CKD-EPI equation using creatinine
without a race coefficient

E. eGFR using the 2021 CKD-EPI equation using creatinine refit
without a race coefficient.



What is the recommended test of kidney function for
outpatients in routine practice?

E. eGFR using the 2021 CKD-EPI equation using creatinine refit
without a race coefficient.



General Concept

GFR and non-GFR determinants for a plasma
biomarker (P)

GFR determinants include:
Urine concentration of P (U) and =
Urine volume (V). G

- “\ / el

Non-GFR determinants include:
Generation (G)
Non-renal elimination (E)

Tubular secretion and M i UxV (kidney)
i &\i¥/ v (gut, liver)
Tubular reabsorption (not Nyl | " 4
labeled) )
D § ./C/Z/ 7

Farrell DR, Vassalotti, JA. Screening, identifying, and treating chronic kidney disease: why, who, when, how, and what?
BMC Nephrology 2024; 25(1):34



Race-Free eGFR Equations

2020 National Kidney Foundation (NKF) and American Society of Nephrology
(ASN) Task Force was formed to develop future recommendations.

2021 New Equations Developed and Published?
2021 CKD-EPI Creatinine
2021 CKD-EPI Creatinine-Cystatin C

2021 NKF/ASN Task Force Final Recommendations Published?
1) Implement 2021 CKD-EPI creatinine equation in all laboratories
2) Facilitate use of cystatin C in individuals at increased risk of CKD
3) Further research on eGFR with new markers to eliminate race and
ethnic disparities

1. Inker LA, Eneanya ND, Coresh J et al. New creatinine- and cystatin C—based equations to estimate GFR without
race. N EnglJ Med. 2021, 385:1737-1749

2. Delgado C, Baweja M, Crews DC, et al. A unifying approach for GFR estimation: Recommendations of the NKF-
ASN Task Force on Reassessing the Inclusion of Race in Diagnosing Kidney Disease. Am J Kidney Dis.
2021;78(1):103-115.



Kidney Health Inequity

= Kidney health inequity includes
disproportionate prevalence of
diabetes, hypertension, CKD and

. o
dialysis treatment for Blacks or 13%
African Americans and other
races. % Black

U.S. population

= Kidney health inequity includes
lower access to nephrology care,
home dialysis and kidney
transplant for Blacks or African 35%
Americans and other races.

% Black
United States Renal Data System www.usrds.org U.S. on diﬂﬁfﬁiﬁ

CDC CKD Surveillance System https://nccd.cdc.gov/CKD



http://www.usrds.org/
https://nccd.cdc.gov/CKD

KRace is not dichotomous, and models that attempt ’D
distill its complexity and heterogeneity as such
introduce more bias and imprecision than 3.7

mL/min/1.73 m? of estimated GFR. Moreover, dermal

pigmentation does not modify or mediate kidney
disease risk. Socioeconomic status does, racism does,

\ and genetic ancestry may.” /

JACC: Cardiovascular Interventions 2023: 16: 2309-2320.



Comparison of CKD-EPI eGFRcr Equations
2009 vs 2021

50 Year Old Man

120
105
90
* Blacks or African Americans =
will have slightly lower eGFR. 33 II -
15 .
. . °
* All others will have slightly oms 2omgd 30mael
h|gher EGFR Serum Creatinine
* The “e” in eGFR stands for 50 Year Old Woman
estimate. T
90
75
B 2009 CKD-EPI Non-Black ig
B 2009 CKD-EPI Black 30 I
2021 CKD-EPI 1
5 i ml

1.0 mg/dL 2.0 mg/dL 3.0 mg/dL

Serum Creatinine

Inker LA, Eneanya ND, Coresh J et al. New creatinine- and cystatin C—based
equations to estimate GFR without race. N Engl J Med. 2021; 385:1737-1749



Health Equality versus Health Equity Concepts:
Bike Graphic

Equality




Serum Creatinine and Cystatin C

\ 5
Q‘JL
.

Creatinine

* Size~1aa .
* Kidney function biomarker -
» Skeletal Muscle source .
* Dietary source .

Tubular secretion elimination

30

Cystatin C

120 aa, 13 kDa protein
Kidney function biomarker
Inflammatory marker

All tissues - minimal muscle and diet
influence

Grubb, AO. Cystatin C properties and use as a biomarker. Adv Clin Chem. 2000;35:63-99



Creatinine and Cystatin C
GFR and non-GFR determinants for a plasma
biomarker (P)

GFR determinants include:

-Urine concentration of P (U)
and

-Urine volume (V). G (diet) \ / G (cells)

Non-GFR determinants
include:

-Generation (G)

-Non-renal elimination (E) ,\ UxV (kidney)
. el ;;;f E (gut, liver) |

-Tubular secretion and “ ©

-Tubular reabsorption (not 4%% .'
/

labeled)
Farrell DR, Vassalotti, JA. Screening, identifying, and treating chronic kidney disease: why, who, when, how, and what?
BMC Nephrology 2024; 25(1):34
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Clinical contexts in which Cystatin C may yield
more accurate estimates of GFR

Serum Creatinine GENERATION IS LOW

Serum Creatinine GENERATION IS HIGH

ELDERLY INACTIVITY ~ MALIGNANCY WEIGHT-

MEAT DIET PROTEIN
AMPUTATION LIFTING SUPPLEMENTS

Drugs that inhibit tubular creatinine
secretion

TRIMETHOPRIM
FENOFIBRATE
CIMETIDINE
DOLUTEGRAVIR/RALTEGRAVIR
COBICISTAT
RITONAVIR
RILPIVIRINE
TYROSINE KINASE INHIBITORS

VEGGIE DIET

CIRRHOSIS

Advantages, limitations, and clinical considerations in using cystatin C to estimate GFR
Kidney360 2022;3(10):807-814.



Suggestions for Indications for Cystatin C Testing

= eGFR_, 45-60 ml/min/1.73 m? without markers of kidney
damage or CKD stage G3aAl

= Conditions associated with non-GFR determinants of
creatinine

= Near clinical cut points in decision making

= Clinicians could consider eGFR 60-74 without markers of
kidney damage to confirm absence of CKD

= Area for clinical investigation

Frequently Asked Questions about GFR Estimates
https://www.kidney.org/sites/default/files/441-8491 2202 fags aboutgfr v5.pdf



https://www.kidney.org/sites/default/files/441-8491_2202_faqs_aboutgfr_v5.pdf

What is the recommended test of kidney
damage for outpatients in routine practice?

A. 24-hour urine protein

B. 24-hour urine creatinine clearance
C. Urine dipstick for protein

D. Urine protein-creatinine ratio

E. Urine albumin-creatinine ratio



What is the recommended test of kidney
damage for outpatients in routine practice?

E. Urine albumin-creatinine ratio



Albuminuria Mechanism

Glomeruli

Megaline/Cubuline
receptor complex
|
1\\ //,.;’/ , Sl \7‘1 :\ .

$1 Proximal | Y 4 ™
Tubule Cells R

| 5.y_\ F :.. ;

Nephron

~ Clathrin-coated vesicles
$ ¢ Transcytosis

}ﬁ o Peritubular

oapillary
J. Clin. Med. 2024:13(3):777.



Proteinuria subtypes

Glomerular
60 to 80% albumin

Tubular

Overflow

Nephrology at Point of Care 2016;2(1)e8-e16

SN [N




Albuminuria is the preferred kidney damage test

Al Al Alb A » Dl

U U : - B ’ra

1) E DTIC Lo

Normal to mildly | Al <30 <30 < 150* Negative to

increased trace

Moderately A2 30 to 300 30 to 300 150 to 650* |Trace to +1

increased

Severely A3 > 300 > 300 > 650* +2 or greater

Increased

Nephrotic Range |A3 >2,000* >2,000* >3,500+ +2 or greater
Nephrotic Range (by definition)

+These categories are adapted from KDIGO; Kidney Disease Improving Global Outcomes.

*These categories are from a meta-analysis of UPCR to uUACR approximate conversion. Ann Intern Med 2020;173(6):426-435

J Appl Lab Med. 2023;8(4):789-816.



Evaluation — CKD Definition

Physical
exam

Symptoms and signs

Nephrotoxic .
of urinary tract

CKD is defined as abnormalities of kidney

medications abnormalities
structure or function, present for >3
months, with implications for health. The S E——
definition includes many different markers of history o
kidney damage, not just decreased GFR and
0 . Obtain careful family history
ACR and the cause of CKD should be actively Symptoms and signs for posdible genctic catses

f systemic di
O SYSISTIC Clseases including family pedigree for CKD

sought (Figure). CKD is classified according to
Cause, GFR, and ACR to establish severity and

. . . . . Laboratory tests, imaging, and tissue sample, such as:
gU|de the type and t|m|ng Of Interventions. » Urinalysis and urine sediment

+ Urine albumin-to-creatinine ratio
« Serologic tests

« Ultrasound

- Kidney biopsy

+ Genetic testing

Kidney Int. 2024;105(4):S117-S314.



EVALUATION — DISTINGUISH BETWEEN AKD AND CKD

It is important to distinguish between AKD and CKD and to establish chronicity.

Identify adults at risk for CKD

Test for GFR* and ACR + other markers of kidney damage’

GFR <60 ml/min per 1.73 m? or ACR =30 mg/g [3 mg/mmol]
and/or other markers of kidney damage present

Test for GFR or ACR if not performed and exclude AKI/AKD

GFR <60 ml/min per 1.73 m? and/or AKI/AKD present: GFR =60 ml/min per 1.73 m? and
ACR =30 mg/g [3 mg/mmol] after 3 months follow AKI/AKD guidance ACR <30 mg/g [3 mg/mmol]
or earlier if evidence of chronicity and no other markers of
l kidney damage present

Measure eGFRcr-cys if not
performed and available
CKD not present
l Timing of retesting based on
individual characteristics such
Stage according to GFR and ACR as risk of progression
Establish underlying cause
Estimate risk of progression
Initiate treatment

Kidney Int. 2024:105(4):S117-S314.




Case Presentation

e Medications:

* 65-year-old man v
* Type-2 diabetes since v
2005, dyslipidemia and
hypertension
complicated by Heart
Failure with preserved
Ejection Fraction

(HFpPEF).

S SN NI

lisinopril 20 mg daily,
metoprolol succinate 100
mg daily,

clopidogrel 30 mg daily,
aspirin 81 mg daily,
atorvastatin 40 mg daily,
insulin lispro and
glargine.

° D|abet|c re“nopathy * BP 136/84 P72 BMI 32 kg/rn2

? You are doing the initial evaluation.
e What CKD tests do you order?



Case Presentation

 Medications:
lisinopril 20 mg daily,
v' metoprolol succinate 100 mg

* 65-year-old man

* Type-2 diabetes since 2005,
dyslipidemia and .
hypertension complicated daily,
by Heart Failure with clopidogrel 30 mg daily,
preserved Ejection Fraction aspirin 81 mg daily,

(HFpEF). atorvastatin 40 mg daily,
e Diabetic retinopathy insulin lispro and glargine.
 BP 136/84 P72 BMI 32 kg/m?

RSN S

G3aA3



The CKD tests: eGFR and uACR

Kidney function (eGFR)

Prognosis of CKD by GFR and
albuminuria categories: KDIGO 2012

G1 Normal or high
E
R o BRE Mildly decreased
« b0
5
T o Mildly to
E y
% E Sad moderately decreased

o

g2 Moderately t
o3 y to
s 'g' G3b severely decreased
Ed
S (a)
P G4 Severely decreased
S

G5 Kidney failure

Kidney damage (UACR)

Persistent albuminuria categories
Description and range

A1 A2 A3
Normal to mildly Moderately Severely
increased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol 3-30 mg/mmol  >30 mg/mmol
=290
60-89
45-59

|
\
| ,

Green, low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange:

high risk; Red: very high risk.

Kidney Int. 2024;105(4):S117-S314.



The CKD tests: eGFR and uACR

Kidney damage (UACR)

Persistent albuminuria categories
Description and range

A1 A2 A3
Prognosis of CKD by GFR and Normal to mildly Moderately Severely
albuminuria categories: KDIGO 2012 increased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol 3-30 mg/mmol  >30 mg/mmol
E:\ G1 Normal or high >90
L g
% e G2 Mildly decreased
— T ¥
c £E Mildly to
E y

O S B 63  oderately decreased
o - s
c &% b Moderately to
S %50 5 G3 severely decreased

0w
>, 36
D G4 Severely decreased
c S
©
Q G5 Kidney failure

Green, low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange:
high risk; Red: very high risk.

Kidney Int. 2024;105(4):S117-S314.



CKD Severity Predicts CVD Risk:
Cardiovascular events by eGFR

Age-Standardized Rates of Cardiovascular Events

Hc—)é 40 -
) 35 -
=
® £ T 30 -
- 37
aNJLugZS-
T 8 5 20 -
C 2 o _
-88015
S © O i
8 =4 10
0 O
o O
c)h
<3

>=60 45-49 30-44 15-29
Estimated GFR (mL/min/1.73 m2)

36.6

<15

Kaiser outpatients with at least one sCr
n=1,120,295

Go AS, et al: NEJM. 2004: 351,;1296-1305




Heart Failure Hospitalizationby eGFR and uACR

CENTRAL ILLUSTRATION: Heart Failure in Chronic Kidney Disease

-t —h
00 o N
1 1 1

Overall HF Admissions, per 100 Person-Years
o

4 -

2 -

0 -
245 30-44 <30 <30 30-299 =300
eGFR (ml/min/1.73 m2) uACR (mg/q)

Bansal, N. et al. J Am Coll Cardiol. 2019;73(21):2691-700.

eGFR 245, eGFR <45, eGFR 245, eGFR <45,
UACR <300 UuACR <300 UuACR =300 uACR =300

CKD Category

CRIC cohort n = 3,791, unadjusted rates shown, & Figure adapted with
Crude CKD cohort rate 5.8 s
Crude populationrate 0.5




Case Presentation

* 65-year-old man
* Type-2 diabetes since 2005,

dyslipidemia and .

hypertension complicated

by Heart Failure with v

preserved Ejection Fraction v

(HFpEF). v
v

e Diabetic retinopathy

e Medications:

lisinopril 20 mg daily,
metoprolol succinate 100 mg
daily,

clopidogrel 30 mg daily,
aspirin 81 mg daily,
atorvastatin 40 mg daily,
insulin lispro and glargine.

> Creatinine 1.40 + eGFR46 ° BP.136/84.P72 BMI 32 kg/m?

|
sunt®
“““
.

L |
........
L]
L 4
L4

= CKD G3a ‘s BMI32kg/m? .

’..
“y
Ny,

> UACR 2200 mg/g = CKD A3
or CKD G3aA3

> uPCR 3600 mg/g



Obesity Initiation

Social Resource

Societal Factors

Economy Education Health care

needs ? navigation
Buit ~ Workplace Comrtunity Schools Chemical Structural
environment Neighborhood ? exposure factors
Neighbors Peers Relationship Friends Family
Tobacco use ¢ . Dietary intake
Sleep Beh;wor Physical activity

v
Individual predisposition

Cardiac rhythm  Early life events Hormones

Psychosocial ‘ Imprintin
stress d .

Medications Microbiome

Genetic and
epigenetic
factors

Circulation. 2023;148(20):1636-1664.



Conceptual Diagram of the
Cardiovascular-Kidney-Metabolic (CKM) Syndrome

adipose tissue

o ° ;{_;C Y
°ooo° ( *52//( A
©o o °*\\/'k7\« /
.0 O LA NA |
Adipokines [ ":7&" py ¥,
Cytokines ()= 5> Glomerular

hyperfiltration

Excess/dysfunctional 1

Potentiates =

Ectopic fat deposition
MASLD 7

l-éyp?rt.znsiqn Glomerulosclerosis
e gslgpl en:jla ¢ > » | Tubulointerstitial fibrosis
etabolic syndrome Chronic kidney disease
Diabetes

Heart—kidney interactions
(Cardiorenal syndrome)

Potentiates

Albuminuria/proteinuria
Bone mineral disease

Atherosclerosis
Myocardial remodeling ¥

Fibrosis (& o
Cardiac dysfunction - Neurohormonal actlvatlion
\Plasma volume expansion

Circulation. 2023;148(20):1636-1664.



Cardiovascular-Kidney-Metabolic (CKM) Syndrome

Nonmetabolic
etiologies of

/ hypertension

Stage 0:
No Risk Factors

Stage 1:
Excess/Dysfunctional
Adipose Tissue

Stage 2:
Metabolic Risk
Factors and CKD

Hypertension

Metabolic
syndrome

Hyper-
triglyceridemia

4 ;
Type 2 Moderate- to
diabetes high-risk CKD

Lﬂe's o a
Essentlal8 @ Overweight/obesity
2 Abdominal obesity

@ Impaired glucose

tolerance

A focus on v
primordial prevention /
and preserving Nonmetabolic
ardiovascular health etiologies of CKD

Ndumele CE, et al. Circulation. 2023:148:1606-1635.



Conceptual Framework for the
Cardiovascular Kidney Metabolic Syndrome

Screen for (>
CKM Risk ¢%Y

*Assess Life’s Essential 8
(dietary patterns, physical
activity, sleep duration and
quality, nicotine exposure,
body mass index, blood
pressure, lipids, and
blood sugar)

* Consider additional testing
as clinically indicated:
HbA1c, UACR, etc.

Assess
CVD Risk

Among adults aged 30-79 y
*Calculate: 10- and 30-y
absolute risk of CVD, ASCVD,
and HF with PREVENT
*Personalize: In the setting of a
clinician-patient discussion,
consider risk-enhancing factors
for shared decision-making
*Reclassify: In those at
intermediate risk or when there
is uncertainty, consider
sequential testing with
biomarkers or imaging

Determine
CKM Stage

* CKM Stage 0: No CKM risk factors

*CKM Stage 1: Excess or
dysfunctional adiposity

* CKM Stage 2: Metabolic risk
factors or CKD

* CKM Stage 3: Subclinical CVD,
very high-risk CKD, or high
predicted CVD risk by PREVENT

* CKM Stage 4: Clinical CVD

Reduce
CKM Risk

<

* Promote CKM health, prevent
CKM progression, prioritize
CKM regression

* Treat CKM factors and consider
cardioprotective therapies
according to guideline
recommendations when
indicated (eg, statin, SGLT2i,
GLP-1RA)

*Screen for and address
adverse SDOH

*Reassess CKM factors at
guideline-recommended intervals

Ndumele CE, et al.

Circulation. 2023;148:1606-1635.




Case Presentation

65-year-old man e Medications:

Type-2 diabetes since 2005, v' lisinopril 20 mg daily,
dyslipidemia and v" metoprolol succinate 100 mg
hypertension complicated ,

by Heart Failure with daily,

preserved Ejection Fraction v clopidogrel 30 mg daily,
(HFpEF). v’ aspirin 81 mg daily,
Diabetic retinopathy v’ atorvastatin 40 mg daily,
Creatinine 1.40 + eGFR 46 = v"insulin lispro and glargine.
CKD G3a . BP 136/84 P72 BMI 32 kg/m?
UACR 2200 mg/g = CKD A3

or CKD G3aA3

uPCR 3600 mg/g



Lifestyle Foundation

&

ssential

N

Circulation. 2022 Aug 2;146(5):e18-e43




Kidney and Cardiovascular Protection

Diabetic kidney
disease prevention

SGLT2 inhibitors

GLP-1 receptor agonists

Statins

RAAS inhibitors (ACEis and ARBs)

Non-steroidal mineralocorticoid antagonists

/@ a
Lifestyle %&%

Healthy diet

Pharmaceutics 2023;15:1343
Diabetes Care 2022:45:3075

%

Physical activity

\“—’/
Smoking cessation Weight management

Regular
risk factor
reassessment
(every 3-6
months)




Nova classification of food processing

1 Unprocessed or minimally processed foods
Fruits, vegetables, beans, nuts, seeds, eggs, juice, meat, poultry, seafood, grains
(whole or refined), pasta, yogurt, milk, tea, coffee, etc,

THE 4 NOVA GROUPS

2 Processed culinary ingredients
Sugar, honey, maple syrup, butter, lard, vegetable oils, salt, etc.

3 Processed foods 0ayy LA - oy
Salted nuts; cured meats or fish; canned or bottled fish, vegetables, beans, or , 133 ﬁ%
fruit; unpackaged cheeses or breads (from a bakery), etc. WY W\ ¥

4 Ultra-processed foods
Packaged breads, most breakfast cereals, bars, flavored yogurts, ice cream,
chocolate, candies, cookies, pastries, cakes, margarine, frozen pizza, sausages, hot
dogs, chicken nuggets, most sugary drinks, instant soups, sauces, noodles, etc.

Center for Science and Public Interest
https://www.cspinet.org/article/6-things-know-about-ultra-processed-foods



https://www.cspinet.org/article/6-things-know-about-ultra-processed-foods

Dietary patterns

Normoprotein
diets

100% plant-
based (vegan)

Planetary diet (flexitarian)

Western Diet

| Mediterranean diet Keto diet
Whole-Food Latto-ovo Pesco ‘
Plant-Based vegetarian vegetarian | | DASH (Dietary Approaches to Stop Hypertension)
—
\\

Low protein LPDs vegan PLANT LPD traditional (almost 50% of protein from animal)
diets ;

LPD vegan FOOD \

PLADO (plant-dominant low protein diet; 50-75% plant-protein)

VLPDs |

No animal Dairy and eggs fish Dairy, eggs, fish, meat (but red and processed meat High intake of red meat, processed

products consumption is limited) meat and other animal products

Abbreviations: DASH — Dietary Approaches to Stop Hypertension; LPD — low protein diet; PLADO — plant-dominant low protein diet;
VLPD — very low protein diet.

J Clin Med. 2023:12(19):6137.



Case Presentation

65-year-old man e Medications:

Type-2 diabetes since 2005, v' lisinopril 20 mg daily,
dyslipidemia and v" metoprolol succinate 100 mg
hypertension complicated ,

by Heart Failure with daily,

preserved Ejection Fraction v clopidogrel 30 mg daily,
(HFpEF). v’ aspirin 81 mg daily,
Diabetic retinopathy v’ atorvastatin 40 mg daily,
Creatinine 1.40 + eGFR 46 = v"insulin lispro and glargine.
CKD G3a . BP 136/84 P72 BMI 32 kg/m?
UACR 2200 mg/g = CKD A3

or CKD G3aA3

uPCR 3600 mg/g



Kidney Failure Risk Equation use is another
reason to check albuminuria

KIDNEY FATLURE RISK EQUATION

Using the patient's Urine, Sex, Age and GFR, the kidney failure risk equation
provides the 2 and 5 year probability of treated kidney failure for a
potential patient with CKD stage 3 to 5.

o=}

= . @ + ) + GFR = HE PROJECIED RISK
. Q T OF KIDNEY FAILURE

T
SE

KidneyFailureRisk.com

OOOOOOOOOOOOOOOOOOOOOOO

The eq.uatlon has'been va.lldalted in more than 30 RN RS PARHCPATING
countries worldwide, making it the most accurate and IN VALIDATION
efficient way of finding out the patient’s risk.



What is individual risk of progression to kidney
failure requiring dialysis or transplant?

~30/O ~'|OO/O

Risk thresholds used in health systems include:

e 3-5% at 5 years for referral to nephrologist

 10% at 2 years for team-based care (Nurse, Dietitian, Pharmacist)
e 20-40% at 2 years for planning a transplant or dialysis

JAMA. 2016;315(2):1-11
https://kidneyfailurerisk.com/



PREVENT Equation
Predicting Cardiovascular Risk

10-year risk
PREVENT 1) Cardiovascular Disease
Equations (CVD) overall:

2) Atherosclerotic CVD
3) Heart Failure CVD

https://professional.heart.org/en/quidelines-and-statements/prevent-calculator



https://professional.heart.org/en/guidelines-and-statements/prevent-calculator

Kidney and Cardiovascular Protection

Diabetic kidney
disease prevention

Statins

SGLT2 inhibitors
GLP-1 receptor agonists

RAAS inhibitors (ACEis and ARBs)

Non-steroidal mineralocorticoid antagonists

% & @

\“—’/
Healthy diet Physical activity Smoking cessation Weight management

Pharmaceutics 2023;15:1343
Diabetes Care 2022;45:3075

Regular
risk factor
reassessment
(every 3-6
months)




Kidney Protection With ARBs in Type 2 Diabetes With
Hypertension and Albuminuria

Doubling of serum creatinine, ESKD, or death

e
. - C - -
Risk reduction, 16% RENAAL ‘g_ Risk reduction, 20% IDNT
P=.02 P=.02
L -c : _—
507 . . Placebo <= LE Irbesartan E
| Risk reduction, 16% - 0.6- -—=— Amlodipine . ___'l
2 o P=0.02 s Z\ S Placebo -
40 - s
‘B O 0.5 i
o) 1 € -’f
g‘ 304 n:_ 0.4
(o) o\o ] < /
U _|_~20— § 031 _,-‘" 2
~ € |
3 0.2
26, > 2+ RESIDUAL RISK
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IDNT — Irbesartan Diabetic Nephropathy Trial

SAEs: greater number of patients developing hyperkalemia in irbesartan group (P=.01);
23.7% of patients stopped study medication before end of study discontinuations were
evenly distributed between treatment groups; most common reason for discontinuation
was clinical cardiovascular event.

Lewis EJ, et al. N EnglJ Med. 2001;345:851-60.

RENAAL — Reduction of Endpoints With the Angiotensin Receptor Il Antagonist Losartan
*No increase in the incidence of adverse events with losartan
Brenner B, et al. N EnglJ Med. 2001;345:861-9.



Slowing CKD Progression: ACEi or ARB

e Check labs within two weeks after initiation (opinion).
— Potassium
— If less than 30% serum creatinine (Scr) increase, continue and monitor.

— If more than 30% Scr increase, stop drug and evaluate for renal artery
stenosis (RAS) and volume contraction.

* Avoid ACEi and ARB in combination'3
— Risk of adverse events (hemodynamic AKI, hyperkalemia)

* ACEi vs ARB have similar outcomes data, but tolerability is better
for ARB.

1) Kunz R, et al. Ann Intern Med. 2008;148:30-48
2) Mann J, et al. ONTARGET study. Lancet. 2008;372:547-553
3) Fried LF, et al. VA Nephron D Study. N Engl J Med. 2013;369:1892-1903



Predictors of Hyperkalemia before Starting
Therapy Derived from Trials

* eGFR <45 mL/min/1.73m?

* Serum potassium >4.5 mEq/L

* eGFR <45 mL/min/1.73m? + serum K >4.5 mEq/L
(Strongest Predictor)

Lazich I, et al. Semin Nephrol 2014; 22(2):123-32
Khosla N, et al. Am J Nephrol 2009; 30(5):418-424
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Predictors of Hyperkalemia before Starting
Therapy Derived from Trials

* eGFR <45 mL/min/1.73m?

e Serum potassium >4.5 mEq/L

* eGFR <45 mL/min/1.73m? + serum K >4.5 mEq/L
(Strongest Predictor)

* eGFR <30 mL/min/1.73m? obviously high risk

* |In general continue ACEi or ARB for eGFR <30
mL/min/1.73m?, discontinuing only for intractable
hyperkalemia or concerns about low eGFR.

Lazich I, et al. Semin Nephrol 2014; 22(2):123-32
Khosla N, et al. Am J Nephrol 2009; 30(5):418-424



ACEIl or ARB: Dose Titration and Side
Effect Monitoring

Initiate ACEi or ARB

Monitor serum creatinine and potassium
(within 2—4 weeks after starting or changing dose)

Normokalemia Hyperkalemia > 30% increase
in creatinine

< 30% increase

in creatinine
Increase dose of ACEi or ARB « Review concurrent drugs - Review for causes of AKI
or continue on maximally - Moderate potassium intake - Correct volume depletion
tolerated dose - Consider: - Reassess concomitant medications
- diuretics (e.g., diuretics, NSAIDs)
- sodium bicarbonate - Consider renal artery stenosis

- Gl cation exchangers

Reduce dose or stop ACEi or ARB as last resort
KDIGO Diabetes Work Group. Kidney Int. 2020;98:51-115.



Despite RAS blockade and SGLT-2 inhibition,
patients with T2DM and advanced CKD are at
risk of CKD progression

CREDENCE: Canagliflozin (+ ACEi/ARB) DAPA-CKD: Dapagliflozin (+ACEi/ARB)
vs placebo? vs placebo (T2D subgroup)?
Primary composite outcome: ‘ Secondary composite renal outcome:
g, Kidney failure, doubling of SCr or death from kidney/CV causesj ' Sustained 250% eGFR decline, ESKD or renal death )

—mt St®
o 30 T = 24
S HR=0.70 (95% CI 0.59-0.82) L HR=0.57 (95% CI 0.45-0.73)

£ 251 p=0.00001 £ 20 1

(@) ()

> >

O 20 A Q16 T

c c

© @®©
< 15 A = 12 A
£ =
@ 101 — Placebo ; 81 — Placebo
& | Canadiifiozin Residual S, | — Dapagiifiozin s
= risk = risk
o o -

O 1 1 1 1 1 1 1 0 T T T T T T T 1
0 6 12 18 24 30 36 42 0 4 8 12 16 20 24 28 32
Months Months
— Patients with severely increased albuminuria: 88% — Patients with severely increased albuminuria: 89.7%
E Median uUACR: 927 mg/g E Median uACR: 949 mg/g

ACEIi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; CI, confidence interval,
ESKD, end-stage kidney disease; HR, hazard ratio; NNT, number needed to treat;

SGLT-2, sodium-glucose co-transporter-2

1. Perkovic V, et al. N Engl J Med 2019;380:2295-2306.

2. Wheeler DC, et al. Lancet Diabetes Endocrinol 2021;9:22-31



EMPA-KIDNEY Primary Outcome
Empagliflozin vs Placebo
Impact of Albuminuria

Hazard Ratio for Progression of Kidney Disease
Subgroup Empagliflozin Placebo or Death from Cardiovascular Causes (95% Cl)
no. of patients with event/total no.

Diabetes mellitus :
Present 218/1525 306/1515 — 0.64 (0.54-0.77)

Absent 214/1779  252/1790 —l— 0.82 (0.68-0.99)
Estimated GFR :

<30 ml/min/1.73 m? 247/1131  317/1151 —H— 0.73 (0.62-0.86)

>30 to <45 ml/min/1.73 m? 140/1467  175/1461 — 0.78 (0.62-0.97)

=45 ml/min/1.73 m? 45/706 66/693 - 0.64 (0.44-0.93

Urinary albumin-to-creatinine ratio

<30 42/665 42/663 1.01 (0.66-1.55)

=30 to <300 67/927 78/937 0.91 (0.65-1.26)
>300 323/1712  438/1705 0.67 (0.58-0.78
All patie 4 U2 JEELY ~ U. U.64-U.3
T T T 1
0.5 1.0 1.5 2.0

- -
-

Empagliflozin Better Placebo Better

Primary Outcome = CKD progression or cardiovascular mortality 57
N Engl J Med 2023;388:117-127.



EMPA-KIDNEY eGFR Slopes by Albuminuria:
Benefit across albuminuria levels

Mean slope (SE)

uACR mL/min/1.73m?%year Difference between
(mg/g) Empagliflozin Placebo mean slopes (95% Cl)
<30 -0.11(0.17)  -0.89(0.16) —-—E (0.32, 1.23)
>30 <300 -0.49 (0.14)  -1.69 (0.14) —-i— 1.20 (0.81, 1.59)
>300 2.35(0.11)  -4.11(0.11) s> 1.76 (1.46,2.05)
|
|
All -1.37 (0.08)  -2.75 (0.08) $> 137 (1.16,1.59)
| | |

-1.0 0 1.0 2.0

Difference of at least 0.5 is o
Placebo Better Empagliflozin Better

considered effective

N Engl J Med 2023;388:117-127.



Summary of Evidence-based SGLT-2 Inhibitor Use

Established indications /new trial evidence

ﬁ T2DM
s> T2DM + ASCVD

\ Heart Failure
(T2DM and

nonT2DM) | SA | HFpEF
. 4

K] K] &

HFrEF

X

Possible future indications?

{

DKD

CKD

Post Ml
Non DKD
Pre-diabetes/high CV risk \\ on

Kidney transplant recipients

N

NAFLD Requiring immunosuppression
Others?

Legend

Figure 1. Summary of current evidence-based indications for SGLT2 inhibition. M indicates evidence-based indication for SGLT2 inhibition. ? indicates areas where more data are needed.
Abbreviations: ASCVD- Atherosclerotic Cardiovascular Disease, CKD- chronic kidney disease, DKD- diabetic kidney disease, HFrEF- heart failure with reduced ejection fraction, HFpEF- heart
failure with preserved ejection fraction, MI- myocardial infarction, NAFLD- non-alcoholic fatty liver disease, T2DM- type 2 diabetes mellitus.

Lancet 2022;400(10365):1745-1747.



The FIDELITY primary analysis showed significant
risk reductions in CV and kidney outcomes

Time to CV death, nonfatal MI, nonfatal stroke, or HHF Time to kidney failure*, sustained 257% decrease in

eGFR from baseline, or kidney-related death

= 2% THR=0.86; 95% Cl 0.78-0.95 25 -
X _ S HR=0.77; 95% CIl 0.67-0.88
< 0 p=0.0018 < =0.0002
9 Placebo: 939/6507 (14.4%)t © 20- p=0.
c _
S 454 Ngg;; aCft|6£ 93 {%aérs =46 é NNT after 3 years = 60
S () i) S 159 (95% CI 38-142)
‘© 10 Finerenone: 825/6519 (12.7)* = ol Placebo: 465/6507 (7.1%)*
£ B
S 54 8 54 -
= g Finerenone: 360/6519 (5.5%)
S 0+ T T T T T T T 1 S o - . : . . . i
0 6 12 18 24 30 36 42 48 O 0 6 12 18 24 30 36 42 48
No. at risk § Months since randomization No. at risk Months since randomization
Finerenone 6519 6360 6202 6009 5273 4207 3065 2187 1087 Einerenone 6519 6291 6107 5848 5027 3973 2815 2024 959
Placebo 6507 6330 6125 5938 5184 4147 2969 2135 1082

Placebo 6507 6292 6071 5815 4949 3932 2798 1988 962

reduced risk of CKD
progression™

7 8 reduced risk of CV morbidity
% and mortality vs placebo

vs placebo
HR=0.86; 95% Cl 0.78—0.95)!
( ° ) (HR=0.77; 95% Cl 0.67—0.88)"

*ESKD or an eGFR <15 mL/min/1.73 m?; events were classified as renal death if: (1) the patient died; (2) KRT had not
been initiated despite being clinically indicated; and (3) there was no other likely cause of death; #*Cumulative incidence
calculated by Aalen—Johansen estimator using deaths due to other causes as competing risk; fnumber of patients with
an event over a median of 3.0 years of follow-up; S at-risk subjects were calculated at start of time point; Cl, confidence

interval; ESKD, end-stage kidney disease; HR hazard ratio; KRT, kidney replacement therapy; NNT, number needed to
treat.

Agarwal R, et al. Eur Heart J 2021; 42(2):152-161.




The FIDELITY primary analysis showed significant
risk reductions in CV and kidney outcomes

Time to CV death, nonfatal MI, nonfatal stroke, or HHF Time to kidney failure*, sustained 257% decrease in

eGFR from baseline, or kidney-related death

= 2% THR=0.86; 95% Cl 0.78-0.95 25 -
X _ S HR=0.77; 95% CIl 0.67-0.88
< 0 p=0.0018 < =0.0002
9 Placebo: 939/6507 (14.4%)t © 20- p=0.
c _
S 454 Ngg;; aCft|6£ 93 {%aérs =46 é NNT after 3 years = 60
S () i) S 159 (95% CI 38-142)
© 10 Finerenone: 825/6519 (12.7)* = ol Placebo: 465/6507 (7.1%)*
£ 2
S 54 8 54 -
= g Finerenone: 360/6519 (5.5%)
S 0+ T T T T T T T 1 S o - . : . . . i
0 6 12 18 24 30 36 42 48 O 0 6 12 18 24 30 36 42 48
No. at risk § Months since randomization No. at risk Months since randomization
Finerenone 6519 6360 6202 6009 5273 4207 3065 2187 1087 Einerenone 6519 6291 6107 5848 5027 3973 2815 2024 959
Placebo 6507 6330 6125 5938 5184 4147 2969 2135 1082

Placebo 6507 6292 6071 5815 4949 3932 2798 1988 962

reduced risk of CKD

23% progression™
NNT 60 vs placebo

(HR=0.77; 95% Cl 0.67—0.88)!

*ESKD or an eGFR <15 mL/min/1.73 m?; events were classified as renal death if: (1) the patient died; (2) KRT had not
been initiated despite being clinically indicated; and (3) there was no other likely cause of death; #*Cumulative incidence
calculated by Aalen—Johansen estimator using deaths due to other causes as competing risk; fnumber of patients with
an event over a median of 3.0 years of follow-up; S at-risk subjects were calculated at start of time point; Cl, confidence

interval; ESKD, end-stage kidney disease; HR hazard ratio; KRT, kidney replacement therapy; NNT, number needed to
treat.

Agarwal R, et al. Eur Heart J 2021; 42(2):152-161.

1494 reduced risk of CV morbidity
NNT 4(6) and mortality vs placebo
(HR=0.86; 95% Cl 0.78—0.95)*




Five facts of Finerenone for use in CKD in T2DM

startif K<5

* keep going till K at most 5.5.

use if eGFR > 25 (5 x 5).

« expect a 5t reduction in dialysis

* and more than a 5% reduction in Heart Failure Hospitalization.

Adapted from Rajiv Agarwal



GLP1RA significantly improves kidney outcomes
and decreases risk of death from CV causes in

T2DM

A First Major Kidney Disease Event

B First Kidney-Specific Component Event

C Death from Cardiovascular Causes

100 :(5) Hazard ratio, 0.76 (95% Cl, 0.66—0.88)
90 P=0.0003
£ 30 i Placebo
H 20
5 704 15
T 60 10 Semaglutide
o 5
% 50+
@ e| T T T T T T T T
o 404 0 6 12 18 24 30 36 42 48
]
£ 30
4
g 20
[
10
0 T T T T T T T T
0 6 12 18 24 30 36 42 48
Months since Randomization
No. at Risk

Placebo

1766 1736 1682 1605 1516 1408 1048 660 354

Semaglutide 1767 1738 1693 1640 1572 1489 1131 742 392

1009 257 Hazard ratio, 0.79 (95% C1,/0.66-0.94)
90+ 20
2 s
i 15
g 70 10
S 604 5 Semaglutide
(-9
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S 30+
v
s 20
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107 ‘,_—r_/_,,-—"’a_/,
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0 6 12 18 24 30 36 42 48

No. at Risk
Placebo

Months since Randomization

1766 1736 1682 1605 1516 1408 1048 660 354

Semaglutide 1767 1738 1693 1640 1572 1489 1131 742 392

100 159 Hazard ratio, 0.71 (95% C1]0.56-0.89)
90+
a 10
s 80 Placebo
Q.
g 70 s
E 60| Semaglutide
w50 -
@ 0| T T T T T T T T
8o 40— 0 6 12 18 24 30 36 42 48
T 304
2
) 20+
o
10 //—f
0 == T T T T T T T
0 12 18 24 30 36 42 48
Months since Randomization
No. at Risk

Placebo

1766 1737 1697 1641 1601 1544 1185 772 437

Semaglutide 1767 1739 1703 1665 1627 1583 1234 838 460

N Engl J Med. 2024:391(2):109-121.




GLP1RA Potential Mechanisms of
Kidney and Cardiovascular Protection

FLOW

Semaglutide vs placebo 0

Trial week 104 %
(e

The mean SBP reduction !- Anti-atherosclerotic

2.23 mm Hg Blood pressure

(95% Cl, 1.13 to 3.33) lowering

. Kidney and o
The mean Alc reduction cardiovascular Natriuresis
0.81% protection and diuresis
(95% Cl, 0.72 to 0.90)
. Weight loss Person with diabetic .
Weight loss 4.10 kg Anti-inflammatory

kidney disease

(95% Cl, 3.65 to 4.56)

Am J Prev Cardiol. 2023:24:14:100502.



Estimated treatment effects on CKD progression with
SGLT2i, GLP-1RA, and ns-MRA, alone and in combination,
when added to ACEi or ARB in patients with T2DM and
uACR at least 30 mg/g

Outcome HR (95% CI)
CKD progression

SGLT2i —i— 0.63 (0.53, 0.77)
GLP-1 RA —— 0.86 (0.72, 1.02)
ns-MRA —— 0.77 (0.67, 0.88)
GLP-1 RA + ns-MRA —— 0.66 (0.53, 0.83)
SGLT2i + GLP-1 RA L 0.54 (0.42, 0.70)
SGLT2i + ns-MRA = 0.49 (0.38, 0.61)
SGLT2i + GLP-1 RA + ns-MRA = 0.42 (0.31, 0.56)

Data from RCTs: SGLT2i (2), ns-MRA (2) and 8 GLP1RA (8) other than FLOW

Circulation. 2024, 6;149(6):450-462.



Nephrology Referral Indications - opinion

KDIGO Heat Map

Persistent albuminuria categories,
Description and range

Guide to Frequency of Monitoring Al A2 A3
{(number of times per year)
-+
Referral decision making Normal to Moderately Severely
by GFR and Albuminuria Category mildly increased increased increased
<30 mg/g 30-300 mg/g =300 mg/g
<3 mg/mmol 3-30 mg/mmol =30 mg/mmol
. 1 2
i G1 MNormal or high =90 Monitor Refer™
NE 2
Q. @ G2 Mildly decreased 60-89
= 2
c & .
E D G3a Mildly to moderately 45-59
=5 decreased
£
> &
m - —
2E |a3 Moderately to 30-44
o ‘= severely decreased
(1]
‘;‘ e G4 Severely decreased 15-29
L
(L]
G5 Kidney failure <15

GFR and albuminuria grid to reflect the risk of progression by intensity of coloring (green, yellow,
orange, red, deep red). The numbers in the boxes are a guide to the frequency of monitoring (number
of times per year). The words in the boxes are a guide for referral decision making {(monitor or referral
to specialist Kidney care services). *Referring clinicians may wish to discuss with their nephrology
service depending on local arrangements regarding monitoring or referring.

KDOQI US Commentary on the 2012 KDIGO Evaluation and Management of CKD.




Nephrology Referral Indications - opinion

GFR < 30 ml/min/1.73 m? (GFR categories G4-G5)

A 25% or greater drop in eGFR

CKD Progression with a sustained decline in eGFR > 5 ml/min/1.73 m? per year

A consistent finding of significant albuminuria (category A3)

Persistent unexplained hematuria

Secondary hyperparathyroidism, persistent anion gap acidosis, non
deficiency anemia

CKD and hypertension refractory to treatment with 4 or more
antihypertensive agents

Persistent abnormalities of serum potassium

Recurrent or extensive nephrolithiasis

Hereditary kidney disease or unknown cause of CKD

KDOQI US Commentary on the 2012 KDIGO Evaluation and Management of CKD.



Why Refer to Nephrology

e |dentify Cause — Kidney biopsy in selected cases
* Slow Progression of CKD

 CKD Complications management
— CKD Anemia
— CKD Hyperkalemia
— CKD Mineral and Bone Disease
— CKD Metabolic Acidosis
— CKD Malnutrition

* Medication management

e Kidney Failure Replacement Therapy (KFRT) decision making and planning



Observational Studies of Early versus Late
Nephrology Consultation

Variable Early referral Late referral P value
Mean (SD) mean (SD)

Overal mortality % 11 (3) 23 (4) <0.0001

1-year motality % 13 (4) 29 (5) 0.028

Hospital stay, days 13.5 (2.2) 25.3 (3.8) 0.0007

KRT serum albumin (mg/dL) 3.62 (0.05) 3.40 (0.03) 0.001

KRT hematocrit % 30.54 (0.18) 29.71 (0.10) 0.013

Chan M, et al. Am J Med. 2007;120:1063-1070.
KDIGO CKD Work Group. Kidney Int Suppls. 2013;3:1-150.




Kidney Failure
Replacement Therapy

Kidney Maximal
Failure =™ Medical Care

/ \ Palliation

In-center or Home Peri | Dialvsi
HemOdlaIyS|S ﬁ eritonea lalySIS

Kidney Transplant

10 July 2019 Advancing American Kidney Health



Nephrology Consultant Selection:
Suggestions based on opinion and data

Uses the same electronic health record?

 Communicates effectively?!

o (ffers e-consultations?

* |syour peer or your co-trainee??

e Offers the full spectrum of kidney failure replacement
therapies

1. J Gen Intern Med 2019;34:1228-1235
2. Am J Kidney Dis 2017;70:122-131
3. JAMA Intern Med 2023;183(2):124-132



Kidney and Cardiovascular Protection

Diabetic kidney
disease prevention

SGLT2 inhibitors
GLP-1 receptor agonists
Statins

RAAS inhibitors (ACEis and ARBs)

Non-steroidal mineralocorticoid antagonists

Regular
risk factor
reassessment
(every 3-6
months)

L% 8 @

-
Healthy diet Physical activity Smoking cessation Weight management

Pharmaceutics 2023;15:1343
Diabetes Care 2022:45:3075



THANK YOU
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