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Mechanism of glucose transport in the proximal tubule and effects of sodium-glucose cotransporter 2 
(SGLT2) inhibition on the tubuloglomerular feedback mechanism and transport of uric acid and 
phosphate. www.cjasn.org Vol 18 February, 2022
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Reduction of the BMI and Effect on Adipose Tissue 
(“adipocyte effect”) 

• Urinary energy loss of 200–250 kcal daily. 
• Mean weight reduction of approximately 2 kg (range 1.7–2.9 kg) at 

least 12 weeks of treatment. 
• Decrease in adipose tissue mass
• Reductions in hepatic, perivisceral, pericardial, and perivascular fat 

accumulation
• Decreased leptin production and enhanced insulin sensitivity, 

increased adiponectin levels
• Attenuating obesity-related inflammation
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SGLT2 inhibition has favorable effects on perirenal fat



Reduction of Blood Pressure, Heart Rate, 
and Circulating Volume, with an Increase 
in Natriuresis (“modulatory effect”) 
• Consistent blood pressure reduction: 4 mmHg systolic and 2 mmHg 

diastolic
• Decreased circulating volume
• weight loss, modulation of the RAAS, and uric acid reduction 
• An average urinary volume increase of 300 ml, enhanced natriuresis 
• Reduction in plasma volume of approximately 7% 
• The use of SGLT2i with loop diuretics increases urine volume (stronger 

effect at higher doses and in older adults) 



• No increase in heart rate, a slight decrease in sympathetic tone.
• Regulate blood pressure through inhibition of the central sympathetic 

nervous system. 
• SGLT2 is expressed in brain regions associated with autonomic 

control. 
• Modulating catecholaminergic neurons within the nucleus tractus 

solitarii (NTS). 
• Both SGLT2 and SGLT1 inhibitors might contribute to this 

antihypertensive effect by attenuating SNS activity



Vasoconstriction of the Afferent Glomerular 
Arteriole, Reduction of Albuminuria, and Increase 
in hematocrit (“nephro effect”)

Renal disease progression involves three primary axes: 
• Hemodynamic 
• Metabolic 
• inflammatory 



Hemodynamic axis

• Transient decline in GFR of approximately 5 ml/min/1.73 m2 (not 
reflect true renal dysfunction)

• It is reversible within 2-4 weeks
• long-term nephroprotective benefits 
• SGLT2-inhibitor-induced diuresis can transiently elevate hematocrit
• protect against renal congestion 
• Reduction in albuminuria, an effect more pronounced in patients with 

higher baseline albuminuria levels 



Inflammatory axis

• Anti-inflammatory effects in the kidney. 
• Suppresses the production of inflammatory mediators, such as 

cytokines and chemokines, and reduces local glycolysis. 
• Contribute to the overall cardiorenal protective effects of SGLT2 

inhibitor



Receptor-mediated pathways Non- Receptor-mediated 
pathways 

SGLT2 inhibitors mediate kidney-protective effects via receptor- and non-receptor-mediated pathways. 
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Reduction of inflammation, Blood Uric Acid 
Levels, and Vascular Aging (“POND effect”)
Inflammation: 
• Reduce levels of interleukin-6, TNF, NF-kB, and C-reactive protein (NF-

kB lead to increased inflammatory mediators and macrophage 
accumulation in fatty tissues)

• Reduction of inflammatory markers in the mitochondria



Uric acid: 
• Induce a state of starvation mimicry, characterized by a molecular, 

cellular, and physiological response resembling nutrient deprivation. 
• marked by glycosuria, ketogenesis, and upregulation of nutrient 

deprivation signaling (SIRT1) while downregulating nutrient surplus 
signaling (mTOR and HIF-1α) 
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Nutrient surplus 
signals 
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pathway







• uric acid levels decreased by 0.6–1.5 mg/dl
• Uric acid is recognized as a factor that increases oxidative stress, 

promotes activation of the RAAS axis, and increases smooth muscle 
tone, leading to endothelial cell apoptosis with a consequent 
decrease in nitric oxide levels

• The reduced production and increased excretion of uric acid linked to 
their cardio-, and nephroprotective effects



Vascular aging: 
• T2DM: decrease in circulating bone-marrow-derived progenitors, 

such as endothelial progenitor cells (EPCs), linked to the development 
and progression of micro- and macrovascular complications 

• SGLT2 inhibitors: a direct influence on EPCs, leading to increased EPC 
concentrations 

• Improved progenitor cell-mediated repair
• May reverse alterations in angiogenesis contribute to cardiac 

remodeling, mitigating cardiac microvascular damage
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Relative hypoglycemia

Increased ketone body supply induced by SGLT2 inhibitors, 
coupled with their potential to modulate local proinflammatory 

pathways and lipid autophagy: optimize cardiomyocyte 
function 

lower insulin/glucagon 
ratio

promotes ketogenesis
Through Increased lipid 

oxidation

Reduced intracellular 
lipid metabolites 

(Reversing lipotoxicity) 

Increased Ketone Production and  Lipid Oxidation: 

Ketone Production, Decreased Na+/H+ Exchange in the Myocardium, 
Normalization of Nutrient Transport, and Iron Metabolism (“reverse 
metabolism effect”)



NHE1 •Heart

NHE3 •Kidney (with SGLT2 
in early prox tubule) 

elevated NHE activity: 
oxidative stress and 
arrhythmogenic 
mechanisms 

SGLT2 inhibition 
affecting NHE3 
activity 

Cardioprotective and Reno protective 
effects 

Na+/H+ Exchange: 



Iron metabolism
• Enhance iron utilization 
• DAPA-HF study: reducing hepcidin and ferritin levels while 

increasing transferrin receptors in HF patients 
• Empire HF trial, IRONMAN trial: greater increase in 

hemoglobin using SGLT2 inhibitors

SGLT2 Inhibitors, Iron, and  Hematopoiesis:  





Indirectly influence erythropoiesis
• Reducing ATP consumption via the Na+/ K+ pump
• Diminishing hypoxia in the microenvironment
• Facilitate the reversion of myofibroblasts back into 

erythropoietin-producing fibroblasts, leading to enhanced 
hematopoiesis and elevated hematocrit
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Beneficial effects of SGLT2i beyond the increase in erythropoiesis. Indirect effects on kidney and heart
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SGLT2 inhibitors in autoimmune disease 

• Patients with autoimmune diseases, a population known to be at high 
risk for cardiovascular and renal-related morbidity and mortality, 
could also benefit from SGLT2 inhibitors. 

• Interested in the rheumatology community
• Large-scale studies have repeatedly identified the renoprotective 

benefits of SGLT2 inhibitors when added to RAAS blockade, the 
current standard of care, in chronic kidney disease with proteinuria. 



SGLT2 inhibitors decrease inflammation

• Decrease polarization of macrophages and decrease infiltration
• Decrease NLRP3 inflammasome activation
• Reduce oxidative stress and adipose tissue-mediated inflammation
• Suppress secretion of pro-inflammatory cytokines from endothelial 

cells (IL-17, IFNg)
• Altering T cell-mediated processes (inhibit T cell activation and T cell 

proliferation via downregulation of mTORC1)
• Decreased podocyte damage in experimental models of lupus nephritis 

(less foot process effacement, less inflammasome activation and 
increased autophagy)



Potential Renoprotective mechanisms of SGLT2i in nondiabetic glomerular disease.

Glomerular Dis 2021;1:21–33 DOI: 10.1159/000513659



Timeline of the main clinical trials of the SGLT2i. In black the clinical trials of cardiovascular safety, in blue 
those of renal outcomes, and in red those of cardiac outcomes. MACE major adverse cardiac events, CKD 
chronic kidney disease, HF heart failure American Journal of Cardiovascular Drugs 

https://doi.org/10.1007/s40256-024-00673-1



CREDENCE trial in diabetic 
kidney disease  

EMPA-KIDNEY in both 
diabetic and non-diabetic 

kidney disease 

DAPA-KIDNEY in both diabetic 
and non-diabetic kidney 

disease 

slows CKD progression and reduces cardiovascular mortality









Adjusted mean percentage change of eGFR and proteinuria (Prot) from baseline according to 
underlying glomerular/systemic disease: Nephrol Dial Transplant, 2024, 39, 328–340





eGFR slopes according to the achievement of a proteinuria reduction ≥30% or <30% overtime  

Nephrol Dial Transplant, 2024, 39, 328–340



serum albumin would help discriminate between patients with residual 
proteinuria preferentially due to hyperfiltration (who would respond 
better to RAS blockade or SGLT2i) from those with greater impairment 
of glomerular perm selectivity in the setting of other pathogenic 
mechanisms (who would have a more limited response to RAS blockade 
or SGLT2i). 



Lupus nephritis 







Starting SGLT2 
inhibitors at the 
same time as 
immunosuppression 
can lead to clinical 
confusion

The expectant drop in eGFR with initiation of 
SGLT2 inhibition may lead the clinician to 
erroneously believe that initial 
immunosuppression is not effective

The initiation of multiple medications, all with 
a myriad of side effects, can lead to confusion 
in teasing out any adverse events

The clinician must be conscious of the pill 
burden and difficulties with medication 
compliance 

• Metabolism of SGLT- 2i is via simple hepatic glucuronidation and no interference occurs with 
P450 enzymes or P- glycoprotein pathways via which most immunosuppressive agents are 
metabolized

• Potential effects of SGLT2 inhibitors on complications of SLE:  pulmonary hypertension, 
metabolic syndrome, and increased BP



patients with mild to moderate decreases in eGFR, 
particularly those with high levels of proteinuria

patients have completed initial intensive 
immunosuppressive treatment, are receiving maintenance 
doses of immunosuppression 

SGLT2 inhibitors should be started after the standard of care 
therapy with ACE inhibitors

Delayed until it can be done safely with the lowest risk for 
side effects to ensure they can be utilized in the long term 
(more benefits in long term use)





• Novel classes of agents, mainly sodium-glucose transport 2 (SGLT- 2) 
inhibitors (‘flozins’), have gained attention as kidney protective drugs for any 
case of CKD

•  SGLT-2 is expressed in kidney biopsies of patients with LN and its targeting 
seems reasonable.

• SGLT-2 inhibitors may be considered in patients with LN with reduced GFR 
below 60–90 mL/min or proteinuria more than 0.5–1 g/day, on top of 
ACE/ARBi during the maintenance phase. The final recommendation received 
92.8% agreement and the mean (SD) LoA was 9.85 (0.36).



Fanouriakis A, et al. Ann Rheum Dis 2023;0:1–15. doi:10.1136/ard-2023-224762



• Management of patients with LN must include not only immunosuppression 
for acute treatment of active LN, but also measures to slow or stop CKD 
progression. 

• Blood pressure control, renin-angiotensin-aldosterone system blockade, flare 
prevention, and nephrotoxin avoidance, it is likely to expand in the future as 
data on LN and sodium-glucose cotransporter-2 inhibitors or other new 
agents such as endothelin-A receptor blockers become available.



Novel nephron-protective strategies in lupus nephritis.

Frontiers in nephrology, 2023, 
10.3389/fneph.2023.1105676



IgA nephropathy 



primary composite outcome in patients with IgA nephropathy confirmed by a biopsy, and (d) kidney-specific 
secondary composite outcome in the patients with IgA nephropathy confirmed by a biopsy

Kidney International (2021) 100, 215–224 

270 participants with IgA nephropathy  with significant disease chronicity  

a sustained decline in eGFR of 50% or more, end-stage kidney 
disease, or death from a kidney disease-related or cardiovascular 
cause



• concern regarding concomitant use of SGLT-2 inhibitor with 
immunosuppressants (especially corticosteroids) due to the increased 
risk of urogenital infections

• There was no increased risk of urogenital infection in the DAPA-CKD or 
EMPA-KIDNEY trials, patients receiving immunosuppressive therapy 
were excluded in the DAPA-CKD and limited in EMPA-KIDNEY trial. 

• Given the relatively short duration of immunosuppressive therapy 
regimens in IgAN (6-9 months), one approach may be to wait and add 
SGLT-2 inhibitor after completion of immunosuppression
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FSGS & AAV





Säemann M, Kronbichler A. Ann Rheum Dis 2022;81:614–617. 
doi:10.1136/annrheumdis-2021-221474

• CKD remains one of the strongest predictors of a poor prognosis. 
• Significantly increased risk of CV morbidity and mortality 
• features affecting the cardiorenal axis occur more frequently in patients with 

AAV such as diastolic dysfunction and pulmonary hypertension along with 
reduced systolic function

• Benefit from the cardio and nephroprotective properties of SGLT- 2i, once the 
initial phase of induction immunosuppression is completed

• Currently, trials are in the set- up phase to test dapagliflozin in AAV, such as 
DAPA- vasculitis.



Key Information 

SGLT2i are drugs that have been shown to have the following effects: 
• They impact obesity and promote the reduction of key fatty deposits such as fatty 

liver and epicardial deposits.
•  They have a systemic-blood-pressure-lowering effect without generating a reflex 

chronotropic response. 
• They mitigate inflammation induced by fatty deposits, uric acid, fatty liver, 

glucotoxicity, and lipotoxicity through restoration of various metabolic pathways. 
• They limit the progression of renal disease and albuminuria. 
• They allow a return to energy metabolism from ketone bodies and lipid 

consumption, optimizing energy efficiency in the myocardium. 
• Their potential adverse effects, include an increased risk of urogenital tract 

infections and euglycemic diabetic ketoacidosis. 



Conclusions

SGLT2i represent a novel class of medications with pleiotropic effects 
extending beyond glycemic control. 
SGLT2i have emerged as a cornerstone therapy for patients with 
comorbidities such as heart disease, renal dysfunction, metabolic 
disorders, and glomerular diseases.


