
SGLT2 Inhibitors in ESRD: A 

Shifting Paradigm?

E xplore the emerging role of S GLT2 inhibitors in E nd-S tage Renal Disease 

(E S RD). This presentation covers evidence, controversies, and clinical 

perspectives for better decision-making.

by Farhad K hos hjou





SGLT1 VS SGLT2





SGLT2 inhibitors have variable selectivity for 

SGLT2 vs. SGLT1

2500× selectivity for empagliflozin

1200× selectivity for dapagliflozin, 

250× selectivity for canagliflozin

20x selectivity for sotagliflozin

less selective SGLT2 inhibitors was associated 

with a lower risk of heart failure 



SGLT2 Inhibitors in End-

Stage Kidney Disease: 

Exploring New Frontiers

Chronic kidney disease (CKD) and end-stage kidney disease (ESKD) 

significantly increase cardiovascular disease risk, the leading cause of 

mortality in dialysis patients. While conventional therapies have inadequately 

addressed this risk, sodium-glucose transporter 2 (SGLT2) inhibitors have 

shown promising renal and cardiovascular benefits in patients with type 2 

diabetes, heart failure, or CKD.

This presentation explores the potential application of SGLT2 inhibitors in 

improving cardiovascular outcomes among ESKD patients, focusing on their 

direct cardiac effects and safety considerations in the dialysis population.

by Farhad Khoshjou



Unders tanding ESKD and Cardiovas cular R isk

High Prevalence of Heart 

Dis eas e

Cardiovascular disease accounts for 

45% of all deaths in the dialysis 

population, with coronary heart 

disease, heart failure, and left 

ventricular hypertrophy reported in up 

to 40%, 43%, and 70% of patients, 

respectively.

B idirectional Relationship

CKD has a bidirectional relationship 

with cardiovascular disease, 

manifesting as myocardial remodeling 

(left ventricular hypertrophy, systolic 

and diastolic dysfunction) and vascular 

remodeling (atherosclerosis, 

arteriosclerosis, vascular calcification).

Treatment Challenges

Traditional therapies to prevent 

cardiovascular complications in the 

general population have shown limited 

effectiveness in CKD patients, 

highlighting the need for novel 

therapeutic strategies.



SGLT2 Inhibitors : Mechanis m and Current 

Evidence

Primary Mechanis m

SGLT2 inhibitors block sodium and glucose reabsorption in the 

proximal tubule of the kidneys, inducing glycosuria and 

natriuresis. This leads to improved glycemic control, reduced 

blood pressure, and modest weight loss in diabetic patients.

Unlike traditional diuretics , SGLT2 inhibitor-induced diuresis is 

associated with fewer electrolyte abnormalities, decreased risk 

of acute kidney injury, and less neurohormonal activation.

Clinical Evidence

Clinical trials have demonstrated that SGLT2 inhibitors reduce 

the risk of cardiovascular events, mortality, and heart failure 

hospitalizations in patients with type 2 diabetes.

Recent studies show these benefits extend to non-diabetic 

patients with heart failure (both reduced and preserved ejection 

fraction) and chronic kidney disease, suggesting mechanisms 

beyond glycemic control.



Potential Benefits  in Dialys is  Patients

Pres erving Res idual Kidney Function

Many incident ESKD patients still have some kidney function, with 

approximately 27% starting dialysis with an eGFR of 10-14 ml/min/1.73 m².

SGLT2 inhibitors may help preserve this residual function, which is associated 

with better clinical outcomes.

Improving Anemia

SGLT2 inhibitors can increase hematocrit levels, reduce anemia risk, and 

decrease the need for iron supplements or erythropoietin stimulating agents.

This effect occurs through stimulation of erythropoietin production and reduced 

inflammation.

Direct Cardiovascular B enefits

Preclinical studies show SGLT2 inhibitors directly benefit cardiomyocytes, 

endothelial cells, and smooth muscle cells through multiple pathways.

These effects appear to be independent of their action on the kidneys.



Background: SGLT2 Inhibitors and CKD

Mechanism of Action

SGLT2 inhibitors block renal glucose 

reabsorption, lowering blood sugar.

Landmark Trials

• EMPA-REG OUTCOME

• CREDENCE

• DAPA-CKD

Clinical Benefits

They slow CKD progression and reduce 

cardiovascular risk.





EMPA-REG





CREDENCE



DAPA-CKD



The EMPA-REG Renal trial showed the risk of mild 

to moderate urinary tract infection associated 

with empagliflozin use was more pronounced 

among patients with more advanced CKD  (no 

acute pyelonephritis or urosepsis was reported). 

DAPA-CKD trial, dapagliflozin did not show 

increased risk of adverse events eGFR declined to 

< 15 ml/min per 1.73m2 





Direct Cardiovas cular E ffects :  

E lectrolyte Regulation

Sodium-Hydrogen Exchanger Inhibition

SGLT2 inhibitors can directly inhibit sodium-hydrogen exchanger 1 (NHE-1) in 

cardiomyocytes and endothelial cells.

Reduced Intracellular Sodium

This inhibition leads to reduced intracellular sodium levels in cardiac cells.

Improved Calcium Handling

Lower intracellular sodium results in decreased intracellular calcium and 

increased mitochondrial calcium levels.

Cardiac Function Improvement

These electrolyte changes improve cardiac contractility and reduce arrhythmia 

vulnerability.



NLRP3 INFLAMMASOME COMPLEX





Direct Cardiovas cular E ffects :  Inflammation and Oxidative Stres s

Reduced Inflammatory Markers

SGLT2 inhibitors reduce the expression of various 
circulating inflammatory molecules (IL-1β, IL-6, IL-18, 
TNF-α, MCP-1) and cell adhesion molecules.

They suppress NLRP3 inflammasome activation 
through reduced intracellular calcium levels and AMPK  
activation.

Oxidative Stres s  Reduction

Studies show SGLT2 inhibitors attenuate 
cardiomyocyte hypertrophy, diminish interstitial 
fibrosis, and reduce myocardial oxidative stress in 
animal models.

Empagliflozin restored endothelium-mediated 
cardiomyocyte function impaired by uremic serum 
from ESK D patients.

E ndothelial Function Improvement

Anti-inflammatory and anti-oxidative properties lead to 
improvements in endothelial function and arterial wall 
stiffness.

These effects may mitigate cardiac fibrosis and 
atherosclerosis by inhibiting macrophage infiltration 
and promoting anti-inflammatory responses.





Direct Cardiovas cular E ffects :  Autophagy and ER  S tres s

Autophagy Regulation

SGLT2 inhibitors modulate cardiac autophagy, a critical process for maintaining cellular homeostasis in cardiomyocytes.

Endoplasmic Reticulum Stres s  Reduction

Treatment reduces key ER stress markers in cardiomyocytes exposed to various stressors.

Improved Mitochondrial Function

These effects contribute to improved mitochondrial morphology, function, 

and biogenesis in the heart.

Autophagy is particularly important for cardiomyocytes as terminally differentiated cells . SGLT2 inhibitors promote autophagy through upregulation of nutrient 

deprivation signals (AMPK, sirtuins, PGC-1α) while downregulating nutrient surplus signals (mTOR). They can also prevent excessive autophagy in certain 

disease conditions, maintaining an "optimal window" of autophagy activity.





Safety Considerations in ESKD

1 Pharmacokinetics

Studies show similar peak plasma levels in ESKD patients compared to those with 

normal kidney function, with only mildly prolonged half-life and approximately 1.5 times 

larger AUC.

2 Drug Accumulation

Seven days of dapagliflozin 10 mg/day in dialysis patients resulted in no significant 

drug accumulation, with peak concentrations similar to those in patients with normal 

kidney function.

3 Infection Risk

The EMPA-REG Renal trial showed increased risk of mild to moderate urinary tract 

infections with empagliflozin in advanced CKD, warranting caution in oliguric dialysis 

patients.

4 Regulatory Changes

In 2023, the FDA removed dialysis dependency from contraindications for SGLT2 

inhibitors, acknowledging evolving understanding of these agents.



Ongoing Clinical Trials

Trial Name Intervention Primary Outcome Target N

RENAL LIFE -

CYCLE S

Dapagliflozin All-cause mortality, 

kidney failure, heart 

failure

1500

DAPA-HD Dapagliflozin Cardiac MRI 

parameters

108

EMPA-PRE D Empagliflozin Echocardiogram 

parameters

150

CARe-MRI Canagliflozin Cardiac MRI 

parameters

92

SE E D Empagliflozin Body fluid 

distributions

60

Several clinical trials are currently investigating the effects of SGLT2 inhibitors in the dialysis 

population. These studies aim to provide proof-of-concept evidence on the efficacy and safety of 

these drugs in ES KD patients, potentially opening new avenues for cardiovascular risk management 

in this population.



SGLT2 inhibitors in peritoneal dialysis

Reduction in glucose uptake and an increase 

in ultrafltration through the rat peritoneum, as 

well as an inhibition of glucose uptake by human 

PMCs mediated by empaglifozin.



The genital infections remains consistent across 

various SGLT2 inhibitors and persists throughout 

the duration of therapy .

Risk factors include : Female sex, diabetes 

duration of more than 10  years, and a previous 

genital infection.



Potential Benefits in ESRD

Cardiovascular 

Protection

May reduce heart failure 

risk even in ESRD.

Fluid Management

Diuretic effects might 

aid dialysis patients.

Inflammation 

Reduction

Could modulate 

oxidative stress 

pathways.

Metabolic 

Improvement

Possible glucose control 

benefits in diabetic 

ESRD.



Expert Opinion and Guidelines

K DIGO 2024 

Conference

Highlighted areas of 

uncertainty around SGLT2i in 

ESRD.

Guideline Evolution

Recommendations are 

cautious and evolving.

Ris k-B enefit As ses s ment

Individualized approach with multidisciplinary care essential.



Conclusions and Future Directions

Promising Potential

S GLT2 inhibitors show promise for cardiovascular protection in E S KD

Multiple Mechanisms

Benefits extend beyond glycosuria to direct cardiac effects

Ongoing Research

Clinical trials will determine safety and efficacy in dialysis patients

The pleiotropic effects of S GLT2 inhibitors, including their benefits on preserving kidney function and improving cardiovascular health, make them 

promising therapeutic agents for dialysis patients. Preclinical studies suggest direct actions on the cardiovascular system, even where S GLT2 

expression is minimal or negligible.

Ongoing clinical trials will provide critical data on safety and efficacy, potentially transforming cardiovascular risk management in this vulnerable 

population. If successful, S GLT2 inhibitors could address a significant unmet need in E S KD patient care.


