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DKD, diabetic kidney disease; NDKD, non-diabetic kidney disease; FSGS, focal segmental glomerulosclerosis; RAAS, renin-angiotensin-aldosterone syst
1. Helal |, et al, Nat Rev Nph I20128293 300; 2. Palatin F‘ Nph rol Dial Transplant 2012;27:1708-1714; 3. . Rosenberg AZ, Ko ppJB Clin JAmS Nph rol 2017;12:502-517



STRATEGIES FOR INTERRUPTING PROGRESSIVE RENAL DISEASE

The hyperfiltration theory: A paradigm shift in nephrology

BAarrY M. BRENNER, ELIZABETH V. LAWLER, and HARALD S. MACKENZIE
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CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate
1. Gansevoort RT, et al. J Am Soc Nephrol 2009;20:465-468; 2. Alabama Department of Public Health. Available at: https://www.alabamapublichealth.gov/publications/assets/kidneydiseasereport.pdf (Accessed March 2021)
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*Cardiovascular event was defined as hospitalization for coronary heart disease, heart failure, ischemic stroke, and peripheral arterial disease.
CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate.
Go A, etal. N Engl J Med. 2004;351:1296-1305.
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Adjusted HR
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~®- No diabetes, 95% Cl 647 ~®- No diabetes, 95% Cl
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Adjusted HR
N
1

I I I I I I I
2.5 5 10 30 300 1000 10 20 30 300 1000 3000
UACR (mg/g) UACR (mg/g)

2Reference point (diamond) is UACR of 5 mg/g in the no diabetes group, for both individuals with and without hypertension, to show the main effect of diabetes on risk; "HRs were adjusted for age, sex, race, smoking, history of CVD, serum total cholesterol concentration, BMI, and
eGFR; °Blue and purple circles denote P<0.05 as compared with the reference (diamond); CKD defined as eGFR of <60 mL/min/1.73 m2; eReference point (diamond) is UACR of 20 mg/g.

BMI = body mass index; Cl = confidence interval; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate;
ESKD = end-stage kidney disease; HR = hazard ratio; UACR = urine albumin:creatinine ratio.

Fox CS et al. Lancet. 2012;380:1662-1673.
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Decreased renal

Decreased blood flow
cardiac output \
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/ GFR/albuminuria
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performance \ Sodium/water  —————— function @0630@060

retention

CKD, chronic kidney disease; CV, cardiovascular; GFR, glomerular filtration rate; HF, heart failure
1. Damman K, et al. J Am Coll Cardiol 2014;63:853—-871; 2. Metra M, et al. Eur Heart J 2012;33:2135-2143
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2ltis unclear if and when to discontinue RAS inhibitors in advanced CKD; bStatins should not be initiated for those beginning dialysis therapy. However, patients already receiving statins at the time of dialysis initiation can continue their statin treatment; “Applies to CKD patients with T2D only. SGLT2 inhibitors are recommended as first-ine treatment with
metformin and may also have benefits in persons with CKD and no diabetes. SGLT2 inhibitors should be initiated if e§GFR >30 mL/min/1.73 m? and can be continued through G4—G5 until dialysis initiation, at which point SGLT2 inhibitors should be discontinued. There is no evidence for initiation of SGLT2 inhibitors if eGFR <30 mL/min/1.73 m2; “Applies to
CKD patients with T2D only. GLP-1 receptor agonists can be considered when SGLT2 inhibitor and/or metformin is not tolerated or glycemic target is not reached. Dosing recommendations vary for use of these agents in CKD G4 and G5

CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; RAS, renin-angiotensin system; SGLT2, sodium-glucose co-transporter 2; T2D, Type 2 diabetes

Shlipak MG, et al. Kidney Int 2021;99:34-47
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Regular
risk factor
reassessment
(every 3-6

Q‘, ( /) 7
Lifestyle ﬁ = .% $ { ]
Stop use of —
Healthy diet Physical activity tobacco products Weight management months)
SGLT2i Aim for SBP <120 mm Hg Statin-based therapy
First-line continue until dialysis RAS inhibitor* at maximum moderate- or
drug therapy for or transplant -+ tolerated dose (if HTN) high-intensity statin
most patients
B Q@ s B B
I ASCVD risk, lipids
l lap
Manage hyperglycemia Use ns-MRA in Dihydropyridine CCB Antiplatelet Manage anemia,
as per the KDIGO people with diab and/or diuretic if agent for CKD-MBD, acidosis,
Targeted therapies Diabetes Guideline, and an indication needed to achieve clinical ASCVD and potassium
for complications including use of for use individualized abnormalities,
GLP-1 RA where indicated % p BP target @ where indicated
i

Steroidal MRA if needed Ezetimibe, PCSK9i
for resistant hypertension indicated based on
ASCVD risk and lipids

if eGFR =45
o7

Use the same principles
to diagnose and manage
ASCVD and atrial fibrillation
as in people without CKD

Clinical Kidney Journal, 2024, vol. 17
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CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate
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Aerobic Exercises

Stationary Bike

L L

)

Walking or Jogging

Clinical Kidney Journal, 2024, vol. 17, Suppl 2, ii19-ii35
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BMI -0l 3694309 35309639080 >25 39.92
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UNDERWEIGHT NORMAL OVERWEIGHT OBESE EXTREMELY OBESE
<18,5 18,5-24,5 25-29,5 4 30-34,9 >35
Clinical Kidney Journal, 2024, vol. 17
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Table 1: Risk of kidney disease in persons with overweight/obesity [5, 23],

BMI (kg/m?) CKD G4-G5, HR (95% CI) BMI (kg/m?) Kidney failure, HR (95% CI)
25-<30 134 (130-1.39) 25-<30 187 (164-2.14)
30-<35 1.94,1.87-2.01 30-<35 3.57 (3.05-4.18)
>35 3.10,2.95-3.25 35-<40 6.12 (4.97-7.54

>40 7.07 (5.37-9.31

Clinical Kidney Journal, 2024, vol. 17, Suppl 2, ii19-ii35
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In the European Region, the average person
consumes 8g to 19g of salt per day, much more
than the recommended maximum of 5g.
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Average daily intake
per day

Maximum daily intake

per day

Clinical Kidney Journal, 2024, vol. 17



©0JHOL 3931bs HLMTIONX O o GHMI30DY

- SGLT2 inhibit&fs

Improved tubular structure,
integrity, and function
(decreased sodium and glucose
reabsorption and tubular
energy expenditure)

= Dietary sodium restriction

» Glucose-lowering drugs

1 Reduction effect

>

1 Hyper-
filtration

Low-protein diet,
weight loss, SGLT2
inhibitors

Vasoconstriction

o

lIntraglomerular
pressure

Tt
Vasodilation

I RAAS modulators

agents

Low-salt diet, blood
pressure-lowering

'I-'ul;t-.llo—- :
glomerular
feedback

— Distaltubule —p

Reduction in
intraglomerular
pressure
{(modulation of
tubuloglomerular

feedback, afferent and

efferent arteriole tone,

and distal sodium and

chlorine delivery)

= Plant-dominant low
protein diet

= Acidosis mitigation
therapy

= SGLT2 inhibitors

= RAAS blockade

transduction)

« Plant-dominant, low protein diet

= Mineralocorticoid receptor antagonists
- Disease-specific therapies

Decreased inflammation and
interstitial fibrosis

{(modulation of mesangial cell and signal

Figure 2: Effects of dietary protein and sodium intake and pharmacological therapies on afferent and efferent
arteriolar tone, intraglomerular pressure, and glomerular structures and functions

Dietary protein restriction results in contraction of the afferent arterioles leading to reduced intraglomerular

pressure, reducing damage to glomerular structure and function in the long term. The kidney-protective effects

of a plant-dominant, low protein diet act in parallel and might be complementary to the effect of

SGLT2 inhibitors, RAAS blockade, mineralocorticoid receptor antagonism, and other blood pressure-lowering
agents, thereby more effectively reducing intraglomerular pressure and mitigating interstitial fibrosis.
GFR=glomerular filtration rate. M=mesangial cells. RAAS=renin-angiotensin-aldosterone system.
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Bodyweight(kg) 35 40 50 55 60 65 70 75 80 85 90 95 100

Grams of proteinper 28 32 40 44 48 52 56 60 64 68 72 76 80
day (wt x 0.8 g/kg)

Figure 19| Protein guideline for adults with chronic kidney disease not treated with dialysis. wt, body weight in kg. Reproduced from
Kidney Disease: Improving Global Outcomes Diabetes Work Group. KDIGO 2022 Clinical Practice Guideline for Diabetes Management in Chronic
Kidney Disease. Kidney Int. 2022;102:51-5127.” Copyright © 2022, KDIGO: Kidney Disease Improving Global Outcomes. Published by Elsevier

Inc. on behalf of the International Society of Nephrology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

5208 Kidney International (2024) 105 (Suppl 45), S117-5314

1006 .bmM30-25 96 30y
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www.kidney-international.org chapter 3

Animal proteins Plant proteins

S8 s

Meat, poultry, fish, seafood, eggs: Legumes, dried beans, nuts, seeds:
28 g (1 0z) = 6-8 g protein 100 g (0.5 cup) cooked = 7-10 g protein
1 egg = 6-8 g protein

Whole grains, cereals:
Dairy, milk, yogurt, cheese: 250 100 g (0.5 cup) cooked = 3-6 g protein
ml (8 0z) = 8-10 g protein
28 g (1 0z) cheese = 6-8 g protein Starchy vegetables, breads:

2-4 g protein

Figure 20| Average protein content of foods in grams. Reproduced from Kidney Disease: Improving Global Outcomes Diabetes Work Group.
KDIGO 2022 Clinical Practice Guideline for Diabetes Management in Chronic Kidney Disease. Kidney Int. 2022;102:51-5127.”* Copyright © 2022,
KDIGO: Kidney Disease Improving Global Outcomes. Published by Elsevier Inc. on behalf of the International Society of Nephrology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Clinical Kidney Journal, 2024, vol. 17



©O0JAHOL 3o3egbs yEMIIOMWO BoWBHEG0DY

Table 21| Impact of plant-based foods in people with CKD

Study (N); study design

CKD stage or GFR Intervention (follow-up) Outcome

CRIC*7 (N = 2403);
observational

NHANES*®® (N = 1110);
observational

CORDIOPREV*®®
(N = 53); RCT

CKD QLD (N = 145);
observational

REGARDS"? (N = 3972);
observational

NHANES III"** (N = 5346);
observational

Longitudinal study of aging
women*®* (N = 1374);
observational

20-70 ml/min per 1.73 m? High DASH vs. low DASH (14 yr) CKD progression: HR: 0.83; 95% Cl: 0.69-0.99
Mortality: HR: 0.75; 95% Cl: 0.62-0.90

30-59 ml/min per 1.73 m? DASH by quintiles (7.8 yr) Kidney failure relative hazard (RH) compared
with quintile 5: quintile 1: RH: 1.7; 95% Cl: 1.1-2.7;
quintile 2: RH: 2.2; 95% CI: 1.1-4.1

<60 ml/min per 1.73 m? Mediterranean diet vs. Decline in GFR —3.72 ml/min per 1.73 m?
low-fat diet (5 yr) vs. —5.4 ml/min per 1.73 m?, P = 0.03
CKD G3-G4 High vegetable and nut intake Composite all-cause mortality, kidney failure,
(median 36 mo) or doubling of SCr: HR: 0.61, 95% Cl: 0.39-0.94
<60 ml/min per 1.73 m? Plant-based diet (6 yr) All-cause mortality: HR: 0.77; 95% CI: 0.61-0.97
<60 ml/min per 1.73 m? Increasing plant-to-protein All-cause mortality for every 33% increase:
ratio (8.4 yr) HR: 0.77, 95% Cl: 0.61-0.96
Baseline 65.6 + 13.1 ml/min  Higher vs. lower intake of Each 10 g higher intake of plant-based protein
per 1.73 m? plant-based protein (10-yr}—»  reduced a decline in GFR by 0.12 mI/min

per 1.73 m? per year

Cl, confidence interval; CKD, chronic kidney disease; CKD QLD, Chronic Kidney Disease in Queensland; CORDIOPREV, CORonary Diet Intervention with Olive oil and car-
diovascular PREVention study; CRIC, Chronic Renal Insufficiency Cohort; DASH, Dietary Approaches to Stop Hypertension; GFR, glomerular filtration rate; HR, hazard ratio;
NHANES, National Health and Nutrition Examination Survey; RCT, randomized controlled trial; REGARDS, Reasons for Geographic and Racial Differences in Stroke; SCr, serum

creatinine.

Kidney International (2024) 105 (Suppl 4S), $117-5314 S209
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;6 Statin Medication

Atorvastatin
Lipitor®

Fluvastatin
Lescol®

Fluvastatin ER
Lescol XL®

Lovastatin
Mevacor®

Lovastatin ER
Altoprev®

Pitavastatin
Livalo®, Zypitamag®

Pravastatin
Pravachol®

Rosuvastatin
Crestor®, Ezallor®

Simvastatin
Zocor®, FloLipid®

Low Moderate
intensity Intensity
<30% LDL + 30-49% LDL +

[i

High

Intensity
>50% LDL 4 @ Dose Timing %I@l

20-40 mg 40 mg BID
80 mg XL

=3

(zoms ]

020 mg

PM
(unless BID)
PM
(unless BID)
Bedtime

*Some sources reference pitavastatin 1 mg as low intensity.
~Simvastatin 80 mg may be considered or high i

+ The s prescribing

Statindose i

reference: 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA

More clinical pearls at pyris.com

Statins Comparison

@ Grapefruit ==>» Myopathy Risk

@ Take with
Food?

No effect Very low

Not specified’

No effect

Moderate

Moderate

No effect

Very low

No effect

No effect

Moderate

© 2023 Cosmas Health, Inc. and/or its affiliates

, this dose is not recommended due to T risk of myopathy/rhabdomyolysis.
does not specify whether or not each dose has to be taken with food.
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Effect of PCSK9 Inhibitors on Lipids

?Berr::;l;): LDL-C Decrease Other Lipids
Alirocumab 75mg: 45-48%
(Praluent®) 150mg: 60% +  TGs decreased 10-15%
 HDL increased 5-10%
= olooumab 140mg: 60% . Iz_ify):)%[())l;?tein (a) decreased
- 0
Repatha®
\Repatia’) 420mg: 60%
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Figure 1: The renin-angiotensin-aldosterone system (RAAS) pathway and mechanisms of inhibition
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2024 update of the KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney
Disease (CKD)
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exploratory and nominally significant only owing to hierarchical testing

In DECLARE-TIMI 58, renal endpoints were
Abbreviations and references are in slide notes
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6 — 3amo390m (5.8%)
HR 95% CI p-value
(superiority)

5 — 0.83 (0.73, 0.95) 0.005

17%
RRR

©535 10 mg (4.9%)

Cumulative Incidence (%)
w

I I I I I I I
0 180 360 540 720 900 1080 1260 1440

No. at Risk Days

53510433 8582 8517 8415 8322 8224 8110 7970 7497 5445
Placebo 8578 8485 8387 8259 8127 8003 7880 7367 5362

30 CV = cardiovascular; DAPA = daga liflozin; HF = heart failure; HR = hazard ratio.
Wiviott SD et al. N Engl J Med. 2019;380:347-357.
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1. Heersp ink HJL, I | N g/JM d2020 383: 1436—1 46; 2 Wh \ DC et |  Nej phm/D jal Transplan nt 2020;35:1700-1711
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DAPA 10 mg 2152 2001 1955 1898 1841 1701 1288 831 309
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270
aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m? for at least 28 days. Renal death was defined as death due to ESKD when dialysis treatment was delibera*~"

withheld for any reason.3; 95% Cl, 15 to 27.
ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard ratio; ; NNT = number needed to treat; RRR = relative risk reduction.
1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HJL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020; 3. Heerspink HJL et al. Nephrol Dial Transplant. 2020;35:274-282.
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ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; HR = hazard ratio; RRR = relative risk reduction.
1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HJL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020.
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aPre-specified exploratory endpoint. Defined as doubling of serum creatinine since last central laboratory resullt.
AKI = acute kidney injury; Cl = confidence interval
Heerspink HJL et al. Presented at: ERA-EDTA Congress; June 5-8, 2021; Virtual.
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Comparison of the effects of three novel classes of glucose-lowering ( :J AS N
drugs on AKI risk in patients with or without type 2 diabetes

Electronic databases

Risk of AKI (vs placebo)

Pubmed
Embase
Cochrane CENTRAL i
% ORDTC Risk of AKI
oD (95% C1 0.66-0.88) (Comparisons
Up to September 2020
inhibitors between drugs)
@ SGLT2
2 independent inhibitors ;
o Nisuars 156,690 @) OR 1.12 bitors OR 0.68
Patients with 95% Cl 0.93-1.35 ; (95% CI 0.54-0.86)
----------------------------------------------- ; Type 2 diabetes only :::::ll:l;?tors ( ) :3':?!;:0'_5
Event-driven CV or i
kidney outcome trials i SGLT2
, i inhibitors
n = 18 trials n = 2 trials | OR 0.96 e OR 0.79
(Patients with (Patients with or I 95% Cl 0.83-1.11 = 95% C1 0.65-0.97
Type 2 diabetes only) without Type 2 diabetes) ! 2051 (&% } GLP1. R ‘ .
O e e e 3 AKI events agonists aHOHIStS

Sion Current evidence indicates that SGLT?2 inhibitors have a Min Zhao, Shusen Sun, Zhenguang Huang, et al. Network Meta-Analysis of
f AKI than both DPP-4 inhibitors and GLP-1RAs. Novel Glucose-Lowering Drugs on Risk of Acute Kidney Injury. CJASN

[ doi; 10.2215/CJN.11220720. Visual Abstract by Edgar Lerma, MD, FASN -,



093530953 HB0bo 258Mm0MmBIM®S 356030 MLsRMmMNbMGdOL 3Mmgomom, >26,000
353096 B9 BoBoMmgdyemo 33¢93980L msbsbdsco, DECLARE-TIMI 58, DAPA-HF, s
DAPA-CKD

330"’@00’0 DECLARE-TIMI 58 (CVOT in T2D)'
mg3egbgdo

DAPA-HF (HFrEF)? DAPA-CKD?

FORXIGA 10 mg Placebo FORXIGA 10 mg Placebo FORXIGA 10 mg Placebo
(n=8574) (n=8569) (n=2368) (n=2368) (n=2149) (n=2149)

©0339HTIO0 JgHMEOEMBO 0.3% 0.1% 0.1% 0.0% 0.0% <0.1%
%3250 30503039000 0.7% 1.0% 0.2% 0.2% 0.7% 1.3%
303m3me9d0s 2.5% 2.4% 7.5% 6.8% 5.9% 4.2%
533795305 1.4% 1.3% 0.5% 0.5% 1.6% 1.8%
dm@GHgbowwmdgdo 5.3% 5.1% 2.1% 2.1% 4% 3.2%
303960350930 No hyperkalemia (not listed in Summary of Product Characteristics*)
©0630eobdogho 1.5%p 2.0%® 6.5% 7.2% 7.2% 8.7%
33-0m3egbs
9>6@p003ymgo 1.5% 1.6% 0.5% 0.7% 0.9% 0.7%
3b900L 06x39J30s

aSevere hypoglycemia was defined in DECLARE and DAPA-HF as: hypoglycemia requiring the assistance of another person to actively administer carbohydrates or glucagon, or to take other corrective action. All cases occurred in patients with diabetes at baseline;"2
and in DAPA-CKD as: hypoglycemia with the following criteria, confirmed by the investigator: symptoms of severe impairment in consciousness or behavior, need for external assistance, use of an intervention to treat hypoglycemia,

and prompt recovery from acute symptoms following the intervention;3 PAcute kidney injury?

See slide notes for abbreviations and references
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ARR, absolute risk reduction; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HF, heart failure; hHF, hospitalization for heart failure; RRR, relative risk reduction; T2D, Type 2 diabetes
1. Heerspink HJL, et al. N Engl J Med 2020;383:1436-1446; 2. Taliercio JJ, et al. Cleve Clin J Med 2020;88:59-63; 3. AstraZeneca AB. FORXIGA EU Summary of Product Characteristics 2021. Available at: https://ec.europa.eu/health/documents/community-
register/2021/20210805152483/anx_152483_en.pdf (Accessed August 2021); 4. Wiviott SD, et al. N Engl J Med 2019;380:347-357; 5. McMurray JJV, et al. N Engl J Med 2019;381:1995-2008; 6. AstraZeneca Pharmaceuticals LP. Data on File REF-104671



. One Small Dip in eGFR, One Big Leap for Kidney Protection
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|
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I
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— |
Delays ESKD by 15 years ", |
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]
eGFR <10 mL/min i
t t 1
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o TEL T T QAR L T GTa R SRl B AL LTI R TRl e P T E T SN Reference: Meraz-Munoz et al. eGFR decline after SGLT2 inhibitor
This reduces pressure within the glomerulus and kidney function is better preserved initiation: the tortoise and the hare reimagined. 2021

over time, as shown in numerous trials. Indices of glomerular filtration rise when 10.34067/KID.0001172021

initiating these drugs. It is important to be aware that these drugs are expected to Visual Abstract by Carlo Trinidad, MD 'm

reduce glomerular filtration rate (GFR): it is a sign that they are protecting the kidney.

Visual abstract by @hellokidneyMD on Meraz-Munoz et al.
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The long-term effects of dapagliflozin in chronic

kidney disease: a time-to-event analysis

To extrapolate the outcome-based Results
clinical benefits of treatment with ) ) i .
dapaglifiozin in patients with Treatment of a pooled (mixed higher and lower CKD risk) population
chronic kidney disease with dapagliflozin over a lifetime time horizon was estimated
to delay the onset of adverse clinical events
Methods
= e Kidney failure (@ @ Mean delay 6.3 y
dapaglifiozin treatment
Higher-risk Lower risk - a o
DAPA-CKD trial DECLARE-TIMI S8 trial Decline in k]dney Mean 6 8
g 2-4 muly CKD function ll w‘, ,
Elevated albuminuria Low albuminuria
N ' Hospitalisation for
m heart failure v Mean delay 6.2y
Pooled population with CKD
+ .
Calculate mean time to event All-cause mortality E Mean delay 3.0 y

Sicbaun. Retdl. Treatment with dapagliflozin over a lifetime time horizon may
NDT (2024) considerably delay the time to major adverse cardio-renal outcomes
O@NDTSocial and improve life expectancy
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2024 update of the KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease
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Palmer, Biff F.;et al , Clinical Journal of the American Society of Nephrology16(8):1284-1291, August 2021.
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Table 2. - Studies comparing UTI risk between SGLT2i and active comparators

Comparison

Meta-analysis

Study {Publication Yr)

Patients (n)

Qutcome

SGLTZi versus active comparator

Puckrin ef al. (2018) (10)

22 trials: 15,966

Random-effects model risk ratio 1.08; 95% CI, 0.93t0 1.25
222-95% €I, 0to 54

Retrospective cohort
SGLTZi versus GLP1-RA

SGLTZi versus DPP4i

SGLT2i versus DPP4i or GLP1-RA

Varshney ef al. (2021) (12)

Fisher ef al. (2020) (13)

Dave ef al. (2019) (11)

474

416,468

SGLT2iversus DPP4i: 123,752, SGLT2i versus GLP1-RA: 111,978

Composite genitourinary infection (HR=0.78; 95% Cl, 0.26 to 2.37)

Urosepsis (HR=0.58; 95% CI, 042 to 0.8)

Severe UT)

SGLT2i versus DPP4i: HR=0.98: 95% CI, 0.66 to 1.41

SGLT2i versus GLP1-RA: HR=0.72; 95% CI, 0.53 t0 0.99

Treated outpatient LITI:

SGLT2i versus DPP4i: HR=0.96: 95% CI, 0.89 to 1.04

SGLT2i versus GLP1-RA: HR=0.91; 95% CI, 0.84 t0 0.99

95% Cl, 95% confidence interval; DPPA4i, dipeptidyl peptidase-4 inhibitors; GLP1-RA, glucagon-like peptide-1 receptor agonists; HR, hazard ratio; SGLT2i, sodium-glucose cotransporter 2 inhibitor; UTI, urinary tract infection.

Q:a Wolters Kluwer

Wiegley, Nasim; So, Paolo Nikolai, Kidney3603(11):1991-1993, November 24, 2022. doi: 10.34067/KID.0005722022
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l SGLT2 INHIBITORS l
OSI‘-I'IOtIC. Decreased glucose levels Increased
natriuresis
l glucagon
l 5 d elveotoxici levels
ecrease cotoxici
Hypovolemia g| ¥ K
l v J
Decreased Reduced insulin
Increased insulin levels resistance Increas.ed
aldosterone levels it \L magnesium
reabsorption

!

Magnesiuria

T.D. Filippatos, et al., SGLT2 inhibitors-induced electrolyte abnormalities: An analysis of the associated mechanisms, Diab Met Syndr: Clin Res Rev (2017),

http://dx.doi.org/10.1016/j.dsx.2017.08.003

Redistribution of
magnesium (movement of .
) magnesium
magnesium from cells to .
wasting
extracellular volume)

\/

Decreased renal

| Final result: A small increase in serum magnesium levels
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| SGLT2 INHIBITION |

Glucosuria
Increased Natriuresis Decreased
 ay o lucose levels
glucagon levels Osmotic diuresis g
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Increased distal flow glucotoxicity
rate Decreased insulin
Increased Na® supply levels

to the distal nephron

Increased aldosterone
concentrations

Redistribution of

- - potassium (movement of
&@ potassium from cells to
the extracellular volume)

W
=
o

Final result: Small increases in serum potassium levels

T.D. Filippatos, et al., SGLT2 inhibitors-induced electrolyte abnormalities: An analysis of the associated mechanisms, Diab Met Syndr: Clin Res Rev (2017),
http://dx.doi.org/10.1016/j.dsx.2017.08.003
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SGLT2 INHIBITORS

N

NATRIURESIS

5\

HYPOVOLEMIA

W
INCREASED Na*-PO,* REABSORPTION IN PROXIMAL
RENAL TUBULES FOR RESTORATION OF EUVOLEMIA

INCREASED PO,* LEVELS

A4

INCREASED PTH LEVELS

\

DETRIMENTAL EFFECTS ON BONE HOMEOSTASIS (?)

T.D. Filippatos, et al., SGLT2 inhibitors-induced electrolyte abnormalities: An analysis of the associated mechanisms, Diab Met Syndr: Clin Res Rev (2017),
http://dx.doi.org/10.1016/j.dsx.2017.08.003
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Table 4. - Fractures at 180 and 365 days assessed by eGFR group
Weighted Weighted
EGF.R Group. Hazard Ratio P ZValue for Hazard Ratio P ZValue for
mlfmin per 1.73 Fracture at 180 Fraciure at 365
i s d. N (%) (95% Subgroup d, N (%) {95% Subgroup
M e = Confidence Interaction = Confidence Interaction
edication
Interval) Interval)
Adi
oPP-4i. 0.95 (0.79 to LN 0.588 (077 to LN
—37.449 172 (0.46) 113y 360 (0.95) 1,00}
SGLT2
S R 170 (0 44} 329 (0.84)
eGFR =90
CPP-4i. n 079 (0.46 to 037 0.90 (063 to .53
—65330 28 (0.45) 1 38) 51 (0.986) 1 2a)
SGLTZ2I1
e ” 23 (0.35) 56 (0_86)
eGFR 60 to <90
DPP-4i. 110 {(0.81 to 0.94 (078 to
—5o 525 a5 (0.42) 1.36) 194 (D.86) 1.13)
SGELT21. rr
et 104 (0.44) 189 (0_80)
eGFR 45 to <60
OPP-4i, 1.00 (070 to 0.82 (0.61 to
—5198 TR RO AG) 1.50) GBI 300 1.10)
SGLT2:,
tl al 31 (0.47) 59 {0_90)
eGFR 30 to <45
DPP-4i, 056 (030 to 064 (043 to
—2206 Th-EE) 1.06) DE Sy 0.95)
SIGLT20.
et i 12 (0.50) 25 (1.04)
DPP-4i, dipeptidyl peptidase-4 inhibitor, SGLT2i, sodium-—glucose cotransporter-2 inhibitor, el GFR., estimated glomerular
filtration rate._
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A. SGLT2 Inhibitor Effects B. Effects of Therapies on Structural Changes in the
- Diabetic Kidney

= Restoration of podocytes

= 1Interstitial fibrosis

= 1} Extracellular matrix
remodeling

e 4 Immune cell infiltration

e 4 Tubular damage

i
?
|

Hyperglycemia »—GLPIR

v -
NADPH
Lo ——cAMr —

¢ HO1 +

LSy
o 2D ol s

Apoptotic signaling & Fibrosis
4 immune cell infiltration Macrophage / Myofibroblast / Podocyte /

Figure 2. Mechanisms of kidney %ﬁ\{\/vith SGLT2 inhibitors, GLP-1RAs, and a

nonsteroidal MRA. e
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+Increase dose to 20 mg daily,if on 10 mg daily
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K* now <5.0 mmol/

Kidney International (2024) 105 (Suppl 4S), S117-S314
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In healthy individuals, (1) ingestion of food results in (2) release of gastrointestinal peptides (GLP-1 and GIP) as well as (3) pancreatic beta cell hormones
(insulin and amylin). GLP-1 and amylin, in particular, have inhibitory effects on (4) gastric emptying, (5) glucagon release, and (6) appetite. (7) Following
the absorption of food, GLP-1 and GIP promote insulin secretion, otherwise known as the incretin effect. In diabetes, these steps are disrupted.

GLP-1: glucagon-like peptide 1; GIP: glucose-dependent insulinotropic polypeptide, gastric inhibitory peptide.

2024 UpToDate, Inc. and/or its affiliates.
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GLP-1 GIP
Site of synthesis Small intestinal L cells Small intestinal K cells
Glucose-dependent stimulation of insulin secretion Yes Ve
Reduction of gastric emptying Yes No effect
Reduction of inappropriate glucagon secretion During euglycemia or hypoglycemia: No effect During euglycemia or hypoglycemia; Stimulates glucagon
During hyperglycemia: Suppresses glucagon During hyperglycemia: No effect
Weight loss Yes Ve

GLP-1: glucagon-like peptide 1; GIP: glucose-dependent insulinotropic polypeptide.

2024 UpToDate, Inc. and/or its affiliates.
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Figure 8: The early decrease in eGFR induced by SGLT2is and GLP-1 RAs appears to differ in magnitude. Results are presented for the EMPA-REG OUTCOME trial
(NCT01131676) and SUSTAIN-6 trials performed in people with T2DM who had similar baseline eGFR values [55, 81].
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CONCLUSIONS

In adults with type 2 diabetes and chronic

kidney disease, semaglutide reduced the
risk of clinically important kidney outcomes
and death from cardiovascular causes.

PARTICIPANTS

wHoO 3533 adults
Mean age, 67 years

Men: 7026; Women: 30246

CLINICAL
STATUS

High-risk chronic kidney
disease

Type 2 diabetes

TRIAL DESIGN

- DOUBLE-BLIND
= RANDOMIZED
- PLACEBO-CONTROLLED

* LOCATION: 387 SITES IN 28 COUNTRIES
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