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Objectives
ÁSGLT2i:

ÁGlomerular and tubular effects of SGLT2i

ÁProposed mechanisms underlying benefits

ÁSummary of the kidney outcomes (emphasis on the DAPA-CKD & EMPA-KIDNEY trials)

ÁSummary of CV/HF/ASCVD outcomes

ÁGLP-1 receptor agonists (GLP-1RA):
Á Proposed mechanisms underlying clinical benefits

Á Effects on CV risk factors

Á Summary of clinical CV and renal outcomes (Emphasis on SELECT and FLOW trials)

ÁMineralocorticoid receptor antagonists (MRAs):
Á Proposed mechanisms underlying clinical benefits

Á Steroidal vs non-steroidal MRAs

Á Summary of clinical CV and renal outcomes (FIDELIO & FIGARO) 

ÁSummary and recommendations



The top 10 global risk factors for death, 2019

Luyckx VA et al., Kidney Int 2024



Severe mortality risk in pre-dialysis CKD

A large HMO-based observational study (Nå14,000) with 5.5-yrs follow up  

Keith et al. Arch Intern Med 2004

GFR 15-29

GFR 30-59

GFR 60-89



The Captopril Study: 1993

Lewis, NEJM 1993

409 insulin-dependent T1DM patients:

ÁMean age: 35

ÁDuration of DM: 22 yrs

ÁBaseline proteinuria 2.5-3 g/g

ÁA1c 12%

ÁMean CrCL: 

- 84 mL/min (captopril) 

- 79 mL/min (placebo)

43% Risk reduction (RR)

46% RR

Doubling of Cr

Death/dialysis/transplant



Kidney outcomes with ARB in T2DM: 2001



Timeline of the key current and future RCTs involving 
SGLT2is/GLP-1RAs/ns-MRA for CV and renal outcomes

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

EMPA-REG

ELIXA

(lixisenatide)

LEADER

(liraglutide)

SUSTAIN-6

(lixisenatide)

CANVAS

EXSCEL

(exenatide)

REWIND

(dulaglutide)

HARMONY

(albiglutide)

PIONEER-6

(semaglutide)

CREDENCE

DAPA-HF

DECLARE-TIMI 58

DAPA-CKD

EMPEROR-Reduced

EMPEROR-Preserved

VERTIS-CV

DELIVER

EMPA-KIDNEY

SCORED

FLOW

(semaglutide)

SOUL

(semaglutide)

SELECT

(semaglutide)

GLP-1RA trial

SGLT2i trial

FIDELIO-DKD

Non-steroidal MRA

FIGARO-DKD



Cardiovascular-kidney-metabolic (CKM) syndrome is a 
systemic disorder that connects heart disease, kidney 

disease, diabetes, and obesity

Ndumele CE et al., Circulation 2024

Cardiovascular-Kidney-Metabolic Health: A presidential advisory From the AHA



Many do not receive optimal care for CKD

7%-20% of people with CKD are aware 

of their diagnosis globally.

Proteinuria 

monitoring

BP

Ò130/80

A1c

6%- 8%

ACEI/

ARB use

SGLT2i

use

Expert 

Lifestyle/

dietary

advice

50%

40%

65%
70%

5%

25%

Proportion of people with CKD aware of their diagnosis

Only 5% and 6.3% of eligible patients with 

CKD and diabetes, respectively, continued 

on SGLT2i and GLP-1RA at 90 days.

Luyckx VA et al., Kidney Int 2024

Nicholas SB et al., Diabetes Obes Metab 2023



SGLT2 inhibitors: Kidney benefits



Glucose reabsorption in proximal nephron

Al-Shamasi et al. Int. J. Mol. Sci. 2021, 22(23), 12677

SGLT2: 

Áa low affinity, high capacity 

luminal transporter in the 

S1 and S2 segments of 

the proximal tubule

Ánormally reabsorbs about 

97% of filtered glucose 

SGLT1:

Áa high affinity, low capacity 

transporter in the S3 

segment 

Ánormally reabsorbs the 

remainder



The effect of proximal sodium reabsorption  on 
tubuloglomerular feedback

Cherney et al. Circulation 2014;129:587



DAPA-CKD: The acute drop in eGFR with SGLT2i initiation 
followed by slower eGFR decline

-3.97

-0.82

Heerspink et al., NEJM 2020;383:1436



Potential pathways involving kidney 
protection with SGLT2 inhibition

Van Raalte and Cherney, KI 2018 (94)459



SGLT2i trials by baseline eGFR and albuminuria

DAPA-CKD

CREDENCE

Adopted from Kluger et al., Cardiovasc Diabetology 2019

EMPA-Kidney

CREDENCE: N = 4401

T2DM

eGFR 30 - 89

UACR > 300 mg/g

DAPA-CKD: N = 4304

With or without T2DM

eGFR Ó 25 - 75 and

UACR Ó 200 mg/g

EMPA-KIDNEY: N = 6609

With or without T2DM

eGFR Ó 20 - 45 or

eGFR Ó 45 ï89 and UACR Ó200 mg/g



DAPA-CKD: Dapagliflozin is similarly beneficial for renal 
endpoints in diabetic and non-diabetic patients

The relative risk reduction for the primary composite outcome 
with dapagliflozin was consistent in participants with type 2 

diabetes (hazard ratio [HR] 0·64, 95% CI 0·52ς0·79) and those 
without diabetes (0·50, 0·25). T

312 events 

197 events 
39% RR

NNT = 19

Components of the primary outcome:

Á Decline in eGFR of Ó50%     0.53 (0.42-0.67)

Á ESKD 0.64 (0.50-0.82)

- eGFR <15                  0.67 (0.51-0.88)

- Dialysis or kidney tx   0.66 (0.48-0.90)

Á Death from renal/CVD 0.81 (0.58-1.12)

Heerspink et al., NEJM 2020;383:1436

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

Median f/u = 2.4 yrs
The HR for primary composite outcome 

with dapagliflozin:

ÁDM : HR  0·64 (0·52ï0·79) 

ÁNo DM: HR  0·50 (0·35ï0·72) 

Ápinteraction=0·24



Dapagliflozin is similarly effective in CKD 4 
compared to CKD 2/3 in DAPA-CKD

CKD 2/3 at baseline

CKD 4 at baseline (N = 624)

Acute effects (0-2 wks):

-2.56 ml/min/1.73 m2/yr

Acute effects (0-2 wks):

-1.42 ml/min/1.73 m2/yr

Chertow GM et al., JASN 2021, 32 :2352

LS mean change in eGFR over the 

study: Total annual slopes (week 0-EOS)

CKD 2/3:

Dapagliflozin ī2.98 ml/min/1.73 m2/yr 

Placebo -3.87 ml/min/1.73 m2/yr 

æ 0.89

CKD 4:

Dapagliflozin ī2.15 ml/min/1.73 m2/yr 

Placebo -3.38 ml/min/1.73 m2/yr 

æ 1.23

Chronic (2wksïEOS) slope:

Dapagliflozin ī1.73

Placebo ī3.68

Dapagliflozin ī1.33

Placebo ī3.68



c

c

Dapagliflozin reduces the risk of renal 
outcomes independently of baseline HF status: 

analysis from DAPA-CKD

c c



SGLT2i therapy associated with renal benefit 
regardless of history of ASCVD

Meta-analysis of SGLT2i 

trials on the composite of 

renal worsening, ESRD, or 

renal death stratified by the 

presence of 

established atherosclerotic 

CV disease

McGuire DK et al., 

JAMA Cardiol. 2021;6:148

Overall kidney outcomes

Kidney outcomes by ASCVD status

With ASCVD

Without ASCVD

~30-40% RRR

~30-40% RRR

https://www-sciencedirect-com.ezproxy.lib.utah.edu/topics/medicine-and-dentistry/arteriosclerotic-heart-disease


STOPPED EARLY IN 4/2022

(DAPA-CKD - 14% with eGFR <30) 

20% without albuminuria

Started in 1/2019



EMPA-KIDNEY: Empagliflozin significantly lowers the 
risk for kidney disease progression or CV death in 

patients with CKD 

The primary outcome:

a composite of kidney 

disease progression 

(ESKD, eGFR <10, 

sustained decline in 

eGFR of Ó40%, or a renal 

death) or CV death.

Herrington WG et al., NEJM 2022

28% RR



Impact of primary kidney disease on the effects of 
empagliflozin in patients with CKD: secondary 

analyses of the EMPA-KIDNEY trial

The EMPA-KIDNEY Collaborative Group, Lancet Diabetes Endocrinol. 2024;12:51



EMPA-KIDNEY: The effect of empagliflozin on eGFR

Herrington WG et al., NEJM 2022

~50% reduction in 

chronic (2 month to final 

follow up) eGFR decline 

slope with empagliflozin



EMPA-KIDNEY: Effect of empagliflozin on 
acute changes in eGFR, by key subgroups

eGFR

Urinary albumin/Cr ratio (mg/g)

Diabetes

<30

Ó30 <45

Ó45

<30

Ó30 Ò300

>300

Yes

No

Difference in acute eGFR dip

Larger with 

empagliflozin

Smaller with 

empagliflozin

The EMPA-KIDNEY 

Collaborative Group, 

Lancet Diabetes 

Endocrinol. 2024;12: 39

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371


The effect of empagliflozin on the primary outcome: consistent 
across the prespecified subgroups but the proportional risk 

reduction may be larger in those with higher urinary ACR

EMPA-KIDNEY, NEJM 2022



The effect of empagliflozin on chronic slope by 
diabetes, eGFR, and albuminuria subgroups 

EMPA-KIDNEY Collaborative Group,

NEJM 2022;

Lancet Diabetes Endocrinol. 

2024;12: 39

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371


eGFR <60

eGFR Ó60

14% RRR

Mavrakanas TA et al., 2023



Bakris et al., Clin J Am Soc Nephrol. 2020; 15: 1705

No difference in adverse events between those with 
eGFR <30 ml/min/1.73 m2 and >30 ml/min/1.73 m2  

(a subgroup analysis of CREDENCE)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769025/


Summary of CV outcomes with SGLT2i



Summary of CV outcome, HF and renal trials published on SGLT2i drugs (shown as HR)
Renal endpoint: 50% decline in eGFR, ESKD, renal or CV death

CKD outcome trial CV Outcome trials HF outcome trials

Trial
EMPA-

KIDNEY
DAPA-CKD EMPA-REG CANVAS

DECLARE-

TIMI 58
VERTIS CV DAPA HF

EMPEROR-

REDUCED

EMPEROR-

PRESERVED

Drug Empa Dapa Empa Cana Dapa Ertugliflozin Dapa Empa Empa

N 6609 4304 7020 10142 17160 8238 4744 3730 5988

Age 64 62 63 63 64 64 66 67 72

% of DM 46 67 100 100 100 100 42 50 49

eGFR 37 43 74 77 85 76 66 62 61

% CVD 27 37 100 72 41 100 - - -

% HF - 11 10 14 10 24 100 100 100

Median f/u 

duration
2.0 yrs 2.4 yrs 3.1 yrs 2.4 yrs 4.2 yrs 3.0 yrs 18.2 mo 16 mo 26 mo

% RAASi 85 88 81 80 81 81 83 88 81

Hosp for HF - - 0.65 0.67 0.73 0.70 0.70 0.69 0.71

CV death 0.84 0.81 0.62 0.87 0.98 0.92 0.82 0.92 0.91

All-cause 

mortality
0.87 0.69 0.68 0.87 0.93 0.93 0.83 0.92 1.00

Renal 

endpoint
0.71 0.61 0.54 0.60 0.53 0.81 0.71 0.50

ï1.25 vs. 

ï2.62 ml/min

ESRD 0.73 0.64 0.45 - - - - - -



CV Outcome in Patients 
Treated With SGLT2 
Inhibitors for Heart 

Failure: A Meta-Analysis

Gager GM et al., Front. Cardiovasc. Med., 2021

eGFR 30-60

eGFR >60

Ischemic

Non-ischemic

SGLT2i provides a consistent 

~30% reduction in HF 

hospitalization regardless of 

baseline eGFR or the cause of HF.



Effects of SGLT2 inhibition on death and causeȤspecific CV 
events for patients with and without CV disease at baseline

Arnott C et al., JAHA, 2020

MACE

CV death

MI

Stroke

HF hospitalization

CV Death/HF

Death

32% RR

12% RR

12% RR

17% RR

24% RR

15% RR


