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CKD, heart failure, and T2D are interrelated, leading to a vicious

circle of cardiac, renal, and metabolic risk
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Both albuminuria and eGFR decline elevate the risk of CV
death, which is increased further in T2D patients

CV mortality according to eGFR CV mortality according to ACR
in participants with and without diabetes In participants with and without diabetes
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Kidney impairment in patients with T2D increases the risk of
hospitalisation for heart failure

eGFR and hospitalisation for HF Albuminuria and hospitalisation for HF
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Population-matched Swedish database study; N = 266 305, median follow-up: 5.6 years

HF, heart failure
Rosengren A, et al. Diabetologia 2018;61:2300-2309




Conversely, heart failure increases the risk of kidney function
decline and of adverse kidney outcomes

HF is associated with a more rapid HF is associated with significantly higher risk of
decline in eGFR2 incident CKDP and incident CKD or mortality
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aRapid rate of eGFR decline was defined as slopes steeper than -5 mL/min/1.73 m2/yr; PIncident CKD was defined as two eGFR values of <60 mL/min/1.73 m?2 occurring 23 months apart and a
decrease from baseline eGFR of at least 25%.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HF, heart failure
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Adding Albuminuria (and eGFR) to CV risk models significantly
iImproved discrimination and calibration

CKD-PC cohort
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Median Follow-up 4.2 yrs
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Base C statistic 0-810

0-0065 (0-0042 to 0-0088)

0-0139 (0-0105 to 0-0174)

0-0167 (0-0131to 0-0202)

9 studies; 91185 participants; 4814 cases
Base C statistic 0-729

0-0036 (0-0019 to 0-0054)

0-0048 (0-0029 to 0-0067)

0-0073 (0-0050 to 0-0097)

8 studies; 82646 participants; 2168 cases
Base C statistic 0-740

0-0036 (0-0004 to 0-0069)

0-0105 (0-0058 to 0-0151)

0-0128 (0-0076 to 0-0180)

7 studies; 55 855 participants; 1877 cases
Base C statistic 0-737

0-0109 (0-0059 to 0-0159)

0-0196 (0-0108 to 0.0284)

0-0258 (0-0169 to 0-0348)

X

¢t

6 studies; 509 628 participants; 6522 cases
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Matssuhita Lancet Diabetes & Endocrinology 2015:3:514-25




Risk marker or risk factor?

* eGFR and albuminuria are risk markers of disease progression
- The lower the eGFR the more advanced CKD
- Impairment to the glomerular basement membrane leads to increased leakage of albumin

« Albuminuria is also a risk factor for kidney and CV disease progression

What is the evidence that albuminuria is a risk factor for kidney and CV disease?




Glomerular albumin leakage reflects glycocalyx / endothelial
dysfunction
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Glomerular albumin leakage associated with endothelial glycocalyx
and vascular permeability
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Increased albumin exposure to the tubules causes kidney injury
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Changes in albuminuria are associated with kidney failure
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Meta-analysis of observational studies involving 675,904 participants and 7914 kidney failure events
ACR, albumin:creatinine ratio; HR, hazard ratio
Coresh J, et al. Lancet Diabetes Endocrinol 2019;7:115-127




Changes in albuminuria over 2 years are associated with CV

mortality and all cause mortality
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Initial albuminuria response to RAASI predicts long-term
GFR decline

Diabetes? Non-diabetes?
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* Diabetes patients (n=18) treated in a non-randomised controlled trial with captopril alone, or in combination with furosemide/bendrofluazide
* Non-diabetes patients (N=29) treated in a randomised controlled trial with enalapril or atenolol

GFR, glomerular filtration rate; eGFR, estimated glomerular filtration rate; RAASI, renin—angiotensin—aldosterone system inhibitor
1. Rossing P, et al. Diabetologia 1994;37:511-516; 2. Apperloo AJ, et al. Kidney Int 1994;45:5174-178




CREDENCE: Early changes in UACR are associated with kidney and
CV outcomes
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Impact of Finerenone Induced Decrease in UACR on CKD and CV

Outcomes

Kidney Outcome
20 -
18 4
16 |

------- <30% reduction in UACR
= >30% reduction in UACR

84% of the benefit mediated by

N
)
o 14 4 i :
S the reduction in UACR
T 12
(§)
£ 104
$
= 8-
-
= -
= 6
O 4-
2_
(J 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48
Time to First Event, mo
Atrisk, n
------- 7449 7382 7124 6799 5770 4527 3264 2232 1119
- 4998 4962 4834 4656 4051 3210 2276 1667 777

Agarwal et.al. Annals Intern Med 2023 epub ahead of print

CV Outcome
20 -
18 -

16 -
37% of the benefit mediated by

the reduction in UACR

.
-----
"
o
R
an®
R

.
ant®
R
.
et
.
o
-
wet®
+
.
.
R
.

o
.
.
»
-
.
1‘.
.
.
.
.
.
.
.
o

Cumulative Incidence, %
—
o
1

.
ot
.
.
.
.
o
.

(J | I 1 | I 1 I 1
0 6 12 18 24 30 36 42 48

Time to First Event, mo

At risk, n
....... 7428

—_— 4962

2409 1261
1739 848

4784
3276

3496
2387

6909
4667

6043
4109

7365
4923

7157
4799




Trial level analysis for the treatment effect on UACR and clinical
kidney outcomes
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Trial level analysis for the treatment effect on UACR and clinical kidney
events in diabetes (at high CV risk) clinical trials
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A brief history of albuminuria

Questions addressed (1882)

“How is albumin handled by the kidneys?”

“How often is albuminuria found in “normal” individuals?”

“What is the variability of albuminuria?”

“Which factors influence intensity of albuminuria?”

“Is some albumin not captured by the available techniques?”
“What are the causes and risk associated with albuminuria?”

“Can albuminuria and its risk be treated?”

Hermann Senator (1834-1911)
Charité Hospital, Berlin

Gansevoort RT, Ritz E. Nephrol Dial Transplant 2009;24:1057-1062



AHA consensus statement: Kidny Cardiovascular Metabolic

Nonmetabolic
etiologies of

/ hypertension

Stage 0: Stage 1: Stage 2:
No Risk Factors Excess/Dysfunctional Metabolic Risk
Adipose Tissue Factors and CKD
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Overweight/obesity
Abdominal obesity
Impaired glucose
tolerance

Type 2 Moderate- to
diabetes high-risk CKD
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2023 ESC Guideline for the management of cardiovascular disease
In patients with type 2 diabetes
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Chronic kidney disease and diabetes

A dedicated section on managing CV risk in patients with CKD and
diabetes is introduced covering aspects of screening (including regular

screening with eGFR and UACR) and treatment.
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In general, clinical practice monitoring of eGFR is appropriate
but UACR monitoring is suboptimal in Type 2 diabetes

Distribution of eGFR testing rates (1-year) Distribution of UACR testing rates (1-year)
by clinical practice site by clinical practice site
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Summary

 eGFR and UACR are strong CV risk markers in people with or without diabetes

« Changes in albuminuria induced by different therapies are associated with risk of CV
outcomes

 Early treatment effects on albuminuria are associated with treatment effects on kidney
outcomes
- Consistent association by different types of disease including diabetes (with high CV risk

populations)

* More research required whether early treatment effects on albuminuria predict treatment

effects on CV outcomes
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