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Sglt2 Inhibitors Beyond Diabetes: Emerging Cardiovascular, Renal And Neuroprotective Applications

ABSTRACT:
Sodium-glucose cotransporter-2 (SGLT2) inhibitors first entered clinical use as glucose-lowering drugs for type 2 diabetes mellitus. Their therapeutic scope has since widened considerably, driven by evidence of cardiovascular and renal benefits that go beyond glycaemic control. These agents promote urinary excretion of glucose and sodium, and they produce broad systemic effects involving renal haemodynamics, plasma volume, myocardial metabolism, vascular function, inflammation, and oxidative stress. Clinical trials have confirmed meaningful benefits in heart failure and chronic kidney disease, including in patients without diabetes. Dapagliflozin and empagliflozin have reduced hospitalisations for heart failure and cardiovascular events across different heart-failure phenotypes, while canagliflozin, dapagliflozin, and empagliflozin have shown protection against the progression of chronic kidney disease. Interest has also grown in possible neurological effects. Experimental studies and observational clinical data suggest that SGLT2 inhibitors may influence neuroinflammation, oxidative stress, mitochondrial dysfunction, cerebral vascular injury, and cognitive decline. However, the evidence for neuroprotection is far less mature than the cardiovascular and renal data, and causality has not been established. This review summarizes the pharmacological basis of the extra-glycaemic effects of SGLT2 inhibitors, evaluates their established cardiovascular and renal applications, examines emerging neuroprotective evidence, discusses safety considerations, and identifies future research priorities. The growing body of evidence indicates that SGLT2 inhibitors have moved from conventional antihyperglycaemic agents to important components of modern cardiorenal pharmacotherapy, while their potential role in neurological disease remains a key area for further study.
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1. INTRODUCTION:
Sodium-glucose cotransporter-2 (SGLT2) inhibitors mark an important therapeutic advance in modern pharmacotherapy. The class was originally developed to lower blood glucose in patients with type 2 diabetes mellitus (T2DM) by blocking glucose and sodium reabsorption in the proximal renal tubule. Unlike insulin secretagogues or insulin-sensitizing drugs, their glucose-lowering effect operates largely independently of pancreatic β-cell function and insulin secretion. The resulting urinary glucose excretion produces modest reductions in glycated hemoglobin, body weight, and blood pressure (DeFronzo et al., 2017; Vallon & Thomson, 2017). Recent reviews of contemporary type 2 diabetes management also position SGLT2 inhibitors among newer non-insulin therapies that may improve cardiometabolic outcomes and reduce treatment burden in selected patients (Abioke et al., 2026).
The clinical relevance of SGLT2 inhibitors shifted after the emergence of cardiovascular outcome trials. Empagliflozin reduced cardiovascular mortality and hospitalisation for heart failure in the EMPA-REG OUTCOME trial, while canagliflozin and dapagliflozin later showed important cardiovascular and heart-failure benefits in large randomised trials (Zinman et al., 2015; Neal et al., 2017; Wiviott et al., 2019). These findings carried particular weight because the magnitude and pattern of benefit could not be explained by glycaemic improvement alone.
Subsequent dedicated trials extended these results to patients with heart failure and chronic kidney disease. Dapagliflozin and empagliflozin reduced worsening heart failure or cardiovascular death in patients with heart failure with reduced ejection fraction (HFrEF), irrespective of diabetes status (McMurray et al., 2019; Packer et al., 2020). Comparable benefits were later shown in heart failure with preserved or mildly reduced ejection fraction (Anker et al., 2021; Solomon et al., 2022). A recent systematic review focused on acute heart failure further reflects the expanding cardiovascular evidence for SGLT2 inhibitors, while indicating that findings should be interpreted according to the clinical setting and outcomes assessed (Imtiaz et al., 2024).
The renal evidence has been equally transformative. CREDENCE demonstrated renal protection with canagliflozin in diabetic kidney disease, while DAPA-CKD and EMPA-KIDNEY established kidney benefits in broader CKD populations, including patients without diabetes (Perkovic et al., 2019; Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group et al., 2023). EMPA-KIDNEY further showed that the slowing of CKD progression occurred across a broad range of albuminuria levels, challenging the assumption that substantial albuminuria must be present before SGLT2 inhibition confers renal benefit. Recent evidence syntheses continue to support clinically important heart-failure benefits across the cardiometabolic disease spectrum and describe complementary cardiometabolic and renal mechanisms beyond glucose lowering (Usman et al., 2024; Lee et al., 2025).
More recently, interest has expanded beyond the cardiovascular and renal systems. Diabetes, insulin resistance, vascular dysfunction, oxidative stress, and chronic inflammation are associated with cognitive impairment and neurodegenerative disorders. Consequently, the metabolic and cellular effects of SGLT2 inhibition have generated hypotheses regarding potential neuroprotective activity. A recent scoping review identified accumulating evidence concerning dementia, mild cognitive impairment, and Alzheimer's disease, while emphasising the need for prospective clinical studies (Tharmaraja et al., 2022). Observational evidence has also reported associations between SGLT2 inhibitor use and lower risks of dementia and Parkinson's disease among patients with type 2 diabetes, but these findings do not establish a causal neuroprotective effect (Kim et al., 2024). Despite robust randomised evidence for cardiorenal outcomes, the literature remains uneven across organ systems: neurological effects are supported mainly by preclinical and observational evidence, and the extent to which proposed pleiotropic mechanisms translate into clinically meaningful neuroprotection remains unresolved. A focused synthesis that clearly separates established cardiorenal applications from emerging neurological hypotheses is therefore warranted.
This review traces the evolution of SGLT2 inhibitors from glucose-lowering drugs to established cardiorenal therapies, focusing on their cardiovascular and renal benefits, which are supported by randomised clinical trials. It also critically assesses the emerging evidence on potential neurological applications, including cognitive decline, dementia, Alzheimer's disease, and other neurodegenerative disorders. The review draws a clear line between clinical applications backed by robust randomised evidence and investigational neurological effects that remain hypothesis-generating and need confirmation in prospective, adequately powered clinical trials.
2. PHARMACOLOGICAL BASIS OF SGLT2 INHIBITION
2.1 Renal mechanism of action
SGLT2 is a high-capacity, low-affinity sodium-glucose cotransporter predominantly expressed in the proximal renal tubule. Under physiological conditions, it is responsible for reabsorbing most of the filtered glucose together with sodium. Pharmacological inhibition decreases glucose and sodium reabsorption, resulting in glycosuria and natriuresis (Heerspink et al., 2016; Vallon & Thomson, 2017).
The increased delivery of sodium chloride to the macula densa enhances tubuloglomerular feedback. This promotes afferent arteriolar vasoconstriction and reduces intraglomerular pressure. The resulting reduction in glomerular hyperfiltration is considered an important mechanism underlying the renoprotective effects of SGLT2 inhibition (Heerspink et al., 2018).
An early reduction in estimated glomerular filtration rate (eGFR) may therefore occur after treatment initiation. This initial decline is generally haemodynamic and is followed by a slower chronic decline in eGFR. In EMPA-KIDNEY, empagliflozin produced an initial eGFR reduction followed by approximately a 50% reduction in the chronic rate of eGFR decline (The EMPA-KIDNEY Collaborative Group, 2024).
2.2 Haemodynamic effects
SGLT2 inhibition produces mild osmotic diuresis and natriuresis. These effects reduce plasma volume and venous congestion, which may partly explain the rapid reduction in heart-failure hospitalisation observed in clinical trials.
Unlike conventional loop diuretics, SGLT2 inhibitors act primarily in the proximal tubule and produce relatively modest diuresis. The combination of reduced sodium retention and improved renal sodium handling may therefore contribute to favourable cardiorenal haemodynamics without excessive electrolyte disturbance (Verma & McMurray, 2018; Lopaschuk & Verma, 2020).
2.3 Metabolic and cellular effects
SGLT2 inhibitors have been associated with changes in substrate utilisation, including increased reliance on fatty acids and ketone bodies. In the myocardium, ketone bodies may provide an energetically favourable substrate under certain conditions, although the importance of this mechanism for clinical heart-failure outcomes remains debated (Ferrannini et al., 2016; Lopaschuk & Verma, 2020; Szekeres et al., 2021).
Additional proposed effects include a reduction in oxidative stress, modulation of mitochondrial function, altered inflammatory signalling, and improved endothelial function. These pleiotropic effects provide a possible mechanistic link between SGLT2 inhibition and protection of multiple organs.
Table 1. Major extra-glycaemic effects of SGLT2 inhibitors
	Pharmacological effect
	Principal mechanism
	Potential clinical consequence

	Glycosuria
	Reduced proximal glucose reabsorption
	Improved glycemic control

	Natriuresis
	Reduced proximal sodium reabsorption
	Reduced sodium and fluid burden

	Tubuloglomerular feedback
	Increased distal sodium delivery
	Reduced intraglomerular pressure

	Osmotic diuresis
	Increased urinary glucose excretion
	Reduced congestion

	Hemodynamic modulation
	Reduced preload and afterload
	Heart-failure benefit

	Metabolic remodeling
	Increased utilization of alternative substrates
	Potential myocardial benefit

	Anti-inflammatory activity
	Modulation of inflammatory pathways
	Potential organ protection

	Antioxidant effects
	Reduction in oxidative stress
	Cellular protection

	Mitochondrial effects
	Altered cellular energetics
	Potential cardiometabolic benefit



3. CARDIOVASCULAR APPLICATIONS
3.1 Evidence from cardiovascular outcome trials
The cardiovascular benefits of SGLT2 inhibitors were first identified in trials designed primarily to establish cardiovascular safety in patients with T2DM.
The EMPA-REG OUTCOME trial enrolled patients with T2DM and established cardiovascular disease and demonstrated that empagliflozin significantly reduced cardiovascular mortality, all-cause mortality, and hospitalisation for heart failure compared with placebo (Zinman et al., 2015).
The CANVAS Program subsequently demonstrated a reduction in the composite of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke with canagliflozin (Neal et al., 2017). However, the cardiovascular effects were not completely uniform across the individual agents or endpoints.
DECLARE-TIMI 58 evaluated dapagliflozin in a broader population of patients with T2DM, including those without established cardiovascular disease. Although a significant reduction in major adverse cardiovascular events was not demonstrated, dapagliflozin reduced the composite of cardiovascular death or hospitalisation for heart failure, driven predominantly by a reduction in heart-failure hospitalisation (Wiviott et al., 2019).
These findings suggested that heart failure is one of the most consistent cardiovascular targets of SGLT2 inhibition.
3.2 Heart failure with reduced ejection fraction
The DAPA-HF trial represented a major change in the therapeutic application of SGLT2 inhibitors. Dapagliflozin reduced the composite of worsening heart failure or cardiovascular death in patients with HFrEF, irrespective of whether diabetes was present (McMurray et al., 2019).
The EMPEROR-Reduced trial produced consistent results with empagliflozin. Empagliflozin reduced the combined risk of cardiovascular death or hospitalisation for heart failure and slowed deterioration in renal function among patients with HFrEF (Packer et al., 2020).
A pooled analysis of DAPA-HF and EMPEROR-Reduced demonstrated consistent reductions in heart-failure events across the two trials, supporting a class effect (Zannad et al., 2020).
These findings support a substantial glucose-independent component of the cardiovascular benefits of SGLT2 inhibition.
3.3 Heart failure with preserved ejection fraction
Historically, pharmacological treatment options for heart failure with preserved ejection fraction (HFpEF) were limited. The EMPEROR-Preserved trial demonstrated that empagliflozin reduced the composite of cardiovascular death or hospitalisation for heart failure in patients with HFpEF (Anker et al., 2021).
The DELIVER trial subsequently demonstrated that dapagliflozin reduced worsening heart failure or cardiovascular death among patients with mildly reduced or preserved ejection fraction (Solomon et al., 2022).
Together, these findings indicate that SGLT2 inhibitors have therapeutic relevance across the spectrum of left ventricular ejection fraction.
3.4 Potential mechanisms of cardiovascular protection
Several mechanisms may contribute to cardiovascular benefit.
First, natriuresis and osmotic diuresis decrease plasma volume and venous congestion (Zinman et al., 2016). Second, reductions in blood pressure and arterial stiffness may reduce cardiac afterload. Third, changes in myocardial metabolism may improve energetic efficiency. Fourth, attenuation of oxidative stress and inflammation may reduce adverse remodelling.
SGLT2 inhibition may also improve renal function and reduce cardiorenal interactions. Because worsening renal function is strongly associated with heart-failure progression, preservation of renal function may indirectly contribute to cardiovascular benefit.
The precise contribution of each mechanism remains uncertain. The rapid reduction in heart-failure hospitalisation observed in several trials suggests that haemodynamic effects are particularly important, whereas longer-term cardiovascular benefits may additionally involve metabolic and cellular mechanisms.
Table 2. Major cardiovascular outcome trials
	Trial
	Drug
	Population
	Principal finding

	EMPA-REG OUTCOME
	Empagliflozin
	T2DM + established CVD
	Reduced CV death and HF hospitalization

	CANVAS Program
	Canagliflozin
	T2DM + high CV risk
	Reduced major CV events

	DECLARE-TIMI 58
	Dapagliflozin
	T2DM + established/high CV risk
	Reduced CV death/HF hospitalization

	DAPA-HF
	Dapagliflozin
	HFrEF ± diabetes
	Reduced worsening HF/CV death

	EMPEROR-Reduced
	Empagliflozin
	HFrEF ± diabetes
	Reduced HF hospitalization/CV death

	EMPEROR-Preserved
	Empagliflozin
	HFpEF
	Reduced HF events

	DELIVER
	Dapagliflozin
	HFmrEF/HFpEF
	Reduced worsening HF/CV death



4. RENAL APPLICATIONS
4.1 Diabetic kidney disease
Diabetic kidney disease is among the leading causes of chronic kidney disease (CKD) and end-stage kidney disease. Standard treatment with renin-angiotensin-aldosterone system blockade slows disease progression, yet a considerable risk of progression remains.
The CREDENCE trial showed that canagliflozin lowered the risk of kidney failure and cardiovascular events in patients with type 2 diabetes, CKD, and albuminuria who were already receiving renin-angiotensin system blockade (Perkovic et al., 2019). Alongside these renal benefits, the drug slowed the decline in eGFR and reduced albuminuria. Notably, the observed renal benefits were far greater than what would be expected from the drug's modest glucose-lowering effect alone.
4.2 Chronic kidney disease without diabetes
DAPA-CKD was a landmark trial because it showed that dapagliflozin reduced the risk of kidney disease progression in patients with CKD, regardless of whether they had diabetes (Heerspink et al., 2020). This finding established that renal protection extends to patients without diabetes.
EMPA-KIDNEY further expanded the evidence. The trial enrolled patients with CKD across a wide range of eGFR and albuminuria categories and showed that empagliflozin reduced the risk of kidney disease progression or cardiovascular death (The EMPA-KIDNEY Collaborative Group et al., 2023). A prespecified analysis found that empagliflozin slowed CKD progression across different levels of baseline albuminuria, including in patients with relatively little albuminuria.
Long-term follow-up of EMPA-KIDNEY has further strengthened the evidence for sustained cardiorenal benefit. Of the 6,609 patients originally randomised, 4,891 entered the post-trial follow-up and were observed for an additional two years. During the combined active-treatment and post-trial periods, kidney disease progression or cardiovascular death occurred in 26.2% of participants assigned to empagliflozin compared with 30.3% assigned to placebo (HR, 0.79; 95% CI, 0.72–0.87). During the post-trial period alone, the HR for the primary outcome was 0.87 (95% CI, 0.76–0.99). These findings indicate that empagliflozin was associated with continued cardiorenal benefit during extended follow-up, although interpretation of the post-trial period should consider that open-label SGLT2 inhibitors were used by participants in both treatment groups (EMPA-KIDNEY Collaborative Group, 2025).
Taken together, current evidence supports SGLT2 inhibition as a disease-modifying strategy in a broad CKD population, rather than a treatment reserved exclusively for diabetic nephropathy (Neuen et al., 2019).
4.3 Effects on albuminuria
Reduction in albuminuria is a key pharmacodynamic effect of SGLT2 inhibition. By restoring tubuloglomerular feedback and lowering intraglomerular pressure, these agents reduce mechanical stress on the glomerulus.
However, the renal benefits appear to go beyond changes in albuminuria. EMPA-KIDNEY demonstrated a meaningful slowing of eGFR decline even among participants with low levels of albuminuria. This finding is clinically relevant because albuminuria alone may not adequately identify all patients who could benefit from SGLT2 inhibition.
4.4 Acute kidney injury
There were initial concerns that SGLT2 inhibitors might cause AKI through volume depletion and osmotic diuresis. However, meta-analyses of large randomised trials have generally shown that these agents are associated with a lower rather than higher risk of AKI.
A meta-analysis involving 71,553 participants found a reduced risk of AKI with SGLT2 inhibitors, while also confirming increased risks of genital infections, diabetic ketoacidosis, and volume depletion (Lin et al., 2021). As a result, SGLT2 inhibitors should not be routinely stopped simply because of theoretical concerns about AKI. Nevertheless, temporary withholding may be appropriate during severe acute illness, prolonged fasting, major surgery, or significant volume depletion.
Table 3. Major renal trials
	Trial
	Drug
	Population
	Major renal finding

	EMPA-REG OUTCOME renal analysis
	Empagliflozin
	T2DM + CVD
	Reduced renal disease progression

	CANVAS renal analysis
	Canagliflozin
	T2DM + high CV risk
	Slower renal decline

	CREDENCE
	Canagliflozin
	T2DM + CKD
	Reduced kidney failure

	DAPA-CKD
	Dapagliflozin
	CKD ± diabetes
	Reduced kidney progression

	EMPA-KIDNEY
	Empagliflozin
	CKD ± diabetes
	Reduced kidney progression/CV death



5. SGLT2 INHIBITORS AND THE BRAIN: AN EMERGING THERAPEUTIC FRONTIER
The neurological effects of SGLT2 inhibitors are less well established than their cardiovascular and renal effects. Even so, growing experimental and observational evidence has raised interest in their possible role in neurodegenerative disease.
Diabetes and insulin resistance are linked to chronic low-grade inflammation, oxidative stress, endothelial dysfunction, mitochondrial abnormalities, and impaired insulin signalling in the brain. These processes overlap with mechanisms implicated in Alzheimer's disease and other neurodegenerative disorders. SGLT2 inhibitors may influence several of these pathways, either indirectly through systemic metabolic improvement or potentially through direct cellular effects.
Importantly, neuroprotection should currently be regarded as an emerging application rather than an established indication.
The current evidence can be considered across three levels. First, preclinical studies provide mechanistic support by demonstrating potential effects of SGLT2 inhibition on oxidative stress, neuroinflammation, mitochondrial function, vascular injury, and metabolic signalling. Second, observational and real-world studies have reported associations between SGLT2 inhibitor exposure and lower rates of Alzheimer's disease and related dementias; however, these findings remain vulnerable to residual confounding, differences in patient characteristics, and treatment-selection effects (Tang et al., 2025). Third, randomised clinical trial evidence provides the most reliable assessment of causality but remains limited because most SGLT2 inhibitor trials were designed primarily to evaluate cardiovascular or renal outcomes rather than cognitive or neurodegenerative endpoints. A 2025 systematic review and meta-analysis of 26 randomised clinical trials involving 164,531 participants, including 12 trials evaluating SGLT2 inhibitors, found no statistically significant reduction in dementia or cognitive impairment with SGLT2 inhibitors (OR, 1.20; 95% CI, 0.67–2.17) (Seminer et al., 2025). These findings reinforce the distinction between biological plausibility, observational associations, and clinically established neuroprotection.
6. POTENTIAL NEUROPROTECTIVE MECHANISMS
6.1 Reduction of oxidative stress
Oxidative stress plays a significant role in neuronal injury and neurodegenerative disease. Excessive reactive oxygen species can damage lipids, proteins, mitochondrial structures, and DNA.
SGLT2 inhibition has been associated with reduced oxidative stress in experimental models. Possible mechanisms include improved metabolic flexibility, reduced glucotoxicity, and altered mitochondrial function. Whether these effects translate into clinically meaningful neuronal protection remains uncertain.
6.2 Modulation of neuroinflammation
Neuroinflammation is increasingly recognised as a contributor to Alzheimer's disease and other neurodegenerative conditions. Persistent activation of microglia can lead to the release of inflammatory mediators and progressive neuronal injury.
SGLT2 inhibitors have shown anti-inflammatory effects in experimental models. These effects may arise from systemic metabolic improvement, altered inflammatory signalling, or indirect effects on vascular and mitochondrial function.
However, evidence for direct penetration of SGLT2 inhibitors into the central nervous system and direct inhibition of neuronal inflammatory pathways remains limited. The precise relationship between SGLT2 inhibition and neuroinflammation therefore requires further investigation.
6.3 Mitochondrial function
Mitochondrial dysfunction contributes to neuronal vulnerability because neurons have a high energy requirement. Impaired mitochondrial ATP production can increase oxidative stress and promote neuronal degeneration.
Experimental work suggests that SGLT2 inhibitors may influence mitochondrial substrate utilisation and cellular energy metabolism. This has raised interest in whether these drugs could improve neuronal metabolic resilience. At present, however, this mechanism remains largely hypothesis-generating.
6.4 Brain insulin resistance
Brain insulin resistance has been proposed as one contributor to Alzheimer's disease pathophysiology. Impaired insulin signalling may interfere with synaptic function, neuronal survival, and glucose metabolism.
Because SGLT2 inhibitors improve systemic metabolic parameters, they may indirectly improve pathways associated with insulin resistance. However, whether peripheral metabolic improvement results in a clinically meaningful reversal of brain insulin resistance remains unresolved.
7. ALZHEIMER'S DISEASE
Alzheimer's disease is the most common cause of dementia and is characterised by progressive cognitive decline associated with amyloid pathology, tau abnormalities, neuroinflammation, synaptic dysfunction, oxidative stress, and neuronal loss. The link between diabetes and Alzheimer's disease has prompted interest in antidiabetic medications as potential disease-modifying therapies.
Experimental evidence has provided an initial rationale for SGLT2 inhibitors. In a mixed model of Alzheimer's disease and diabetes, empagliflozin reduced vascular damage and cognitive impairment, suggesting that vascular and metabolic mechanisms may contribute to potential neurological effects.
Human evidence remains limited and heterogeneous. A 2025 target-trial emulation study in individuals with type 2 diabetes reported that those who initiated SGLT2 inhibitors had a lower incidence of Alzheimer's disease and related dementias than users of other second-line glucose-lowering drugs (adjusted HR, 0.57; 95% CI, 0.43–0.75). However, because the study relied on observational electronic health-record data, residual confounding and treatment-selection effects cannot be fully excluded, and the findings do not establish a causal neuroprotective effect (Tang et al., 2025). Importantly, randomised evidence remains inconclusive. A 2025 systematic review and meta-analysis of randomised clinical trials found no statistically significant reduction in dementia or cognitive impairment with SGLT2 inhibitors (OR, 1.20; 95% CI, 0.67–2.17), emphasising that the potential neurological benefits suggested by observational studies require confirmation in dedicated randomised trials (Seminer et al., 2025).
Therefore, SGLT2 inhibitors cannot currently be recommended specifically for prevention or treatment of Alzheimer's disease.
8. Cognitive decline and dementia
The potential association between SGLT2 inhibitors and reduced dementia risk is especially interesting because cardiovascular and cerebrovascular risk factors contribute substantially to cognitive decline.
Potential explanations include:
· improved vascular function
· reduction in blood pressure
· improved metabolic control
· reduction in systemic inflammation
· reduction in oxidative stress
· preservation of renal function
· possible direct effects on neuronal metabolism
Evidence concerning dementia and cognitive decline remains heterogeneous (Low et al., 2022). Observational studies have generally suggested a possible association between SGLT2 inhibitor exposure and lower dementia risk, potentially mediated through improved vascular, metabolic, renal, and inflammatory pathways. However, observational findings may be influenced by residual confounding, differences in patient characteristics, and treatment-selection effects (Tang et al., 2025). More importantly, randomised evidence remains inconclusive. A 2025 systematic review and meta-analysis of 26 randomised clinical trials involving 164,531 participants evaluated cardioprotective glucose-lowering therapies and dementia or cognitive impairment. Among the trials evaluating SGLT2 inhibitors, no statistically significant reduction in dementia or cognitive impairment was demonstrated (OR, 1.20; 95% CI, 0.67–2.17) (Seminer et al., 2025). In addition, most of the included trials were not primarily designed to assess cognitive outcomes, and the authors highlighted the need for trials with sufficiently long follow-up to ascertain cognitive outcomes (Seminer et al., 2025). Consequently, current evidence supports continued investigation of SGLT2 inhibitors as potential modifiers of cognitive risk but does not establish them as preventive or therapeutic agents for dementia (Tang et al., 2025; Seminer et al., 2025).

9. Parkinson's Disease and Other Neurodegenerative Disorders
Parkinson's disease is characterised by progressive degeneration of dopaminergic neurons, mitochondrial dysfunction, oxidative stress, impaired protein homeostasis, and neuroinflammation. These mechanisms overlap with pathways potentially influenced by SGLT2 inhibition, generating interest in the class as a possible neuroprotective strategy.
However, evidence in Parkinson's disease is considerably less developed than that for cardiovascular and renal outcomes. Current human data are insufficient to demonstrate that SGLT2 inhibitors prevent Parkinson's disease or slow its progression. Similarly, potential roles in other neurological disorders remain speculative. The appropriate interpretation at present is therefore that SGLT2 inhibitors represent a potential research platform for neuroprotection, rather than an established neurological treatment.
Table 4. Evidence for emerging neurological applications
	Neurological application
	Current evidence
	Interpretation

	Alzheimer's disease
	Preclinical + observational
	Promising but unconfirmed

	Dementia prevention
	Observational/meta-analysis
	Hypothesis-generating

	Cognitive decline
	Limited clinical evidence
	Requires prospective trials

	Neuroinflammation
	Mainly experimental
	Mechanistically promising

	Oxidative stress
	Preclinical
	Potential mechanism

	Mitochondrial protection
	Preclinical
	Potential mechanism

	Parkinson's disease
	Limited clinical evidence
	Not established

	Stroke protection
	Cardiovascular trial evidence
	No consistent overall stroke benefit



10. Cardiorenal-Metabolic Interaction
One of the most important features of SGLT2 inhibitors is that cardiovascular and renal protection cannot be considered independently. The heart and kidneys interact through volume status, neurohormonal signalling, vascular function, and metabolic regulation (Avogaro & Fadini, 2019). CKD increases cardiovascular risk, while heart failure accelerates renal dysfunction. SGLT2 inhibitors appear to interrupt several components of this cycle.
Renal sodium handling influences cardiac preload and congestion, while preservation of renal function reduces the burden of cardiorenal syndrome. At the same time, improved cardiovascular haemodynamics may support renal perfusion. This integrated effect has contributed to the emergence of the cardiovascular-kidney-metabolic concept, in which diabetes, CKD, heart failure, and vascular disease are viewed as interconnected manifestations of systemic metabolic and vascular dysfunction. Thus, SGLT2 inhibitors may be better conceptualized as cardiorenal-metabolic therapies rather than conventional antidiabetic medications.
11. Safety and Clinical Considerations
The expansion of SGLT2 inhibitors into non-diabetic populations makes it increasingly important to understand their safety profile.
11.1 Genital infections
Genital mycotic infections are among the most consistently reported adverse effects. Increased urinary glucose creates an environment favourable to fungal growth. A meta-analysis of randomised trials demonstrated a substantially increased risk of genital infection with SGLT2 inhibitors. Most episodes are mild and treatable, but patient education regarding genital hygiene and early recognition of symptoms is important (Monami et al., 2014; Lin et al., 2021).
11.2 Volume depletion
Osmotic diuresis and natriuresis can produce volume depletion, particularly in elderly patients, individuals receiving diuretics, and patients with reduced oral intake. Clinical assessment of volume status and appropriate adjustment of concomitant diuretic therapy may reduce this risk.
11.3 Diabetic ketoacidosis
SGLT2 inhibitor-associated diabetic ketoacidosis is uncommon but potentially serious. It may occur with relatively modest plasma glucose concentrations, sometimes referred to as euglycaemic diabetic ketoacidosis. The risk is increased during prolonged fasting, severe illness, major surgery, excessive alcohol consumption, and marked insulin deficiency. A large meta-analysis demonstrated an increased risk of diabetic ketoacidosis compared with placebo (Lin et al., 2021).
11.4 Acute kidney injury
Contrary to early concerns, randomised evidence generally suggests that SGLT2 inhibitors reduce AKI risk. A large meta-analysis reported an approximately 16% reduction in AKI risk (Lin et al., 2021). The initial eGFR decline should therefore be interpreted as an expected haemodynamic response in appropriate patients rather than being automatically considered nephrotoxicity.
11.5 Lower-limb amputation
An increased risk of lower-limb amputation was observed in the CANVAS Program with canagliflozin, generating substantial concern. Subsequent analyses have not demonstrated a consistent class-wide effect. Nevertheless, patients with severe peripheral vascular disease, a previous amputation, or active foot complications require careful clinical assessment.
Table 5. Important safety considerations
	Adverse effect
	Clinical significance
	Management consideration

	Genital mycotic infection
	Common class effect
	Hygiene and prompt treatment

	Volume depletion
	Usually mild/moderate
	Assess hydration and diuretics

	Diabetic ketoacidosis
	Rare but serious
	Sick-day education and temporary withholding

	AKI
	Overall risk not increased; may be reduced
	Monitor high-risk patients

	Hypoglycemia
	Low when used alone
	Higher risk with insulin/sulfonylureas

	Amputation
	Concern mainly from CANVAS
	Foot-risk assessment

	Urinary tract infection
	Small/inconsistent increase
	Clinical monitoring


12. Clinical Positioning of SGLT2 Inhibitors: Established and Emerging Applications
The clinical positioning of SGLT2 inhibitors should distinguish applications supported by robust randomised clinical evidence from those that remain investigational. Cardiovascular and renal benefits have been demonstrated across multiple large randomised clinical trials and have become established components of contemporary cardiorenal therapy. In contrast, potential neurological applications remain exploratory and are supported mainly by preclinical studies, observational analyses, and secondary outcomes from trials that were not primarily designed to assess neurological endpoints (Seminer et al., 2025; Tang et al., 2025).
Established applications:
· heart failure with reduced ejection fraction
· heart failure with preserved/mildly reduced ejection fraction
· chronic kidney disease
· diabetic kidney disease
· cardiovascular risk reduction in selected patients with T2DM
Emerging applications:
· cognitive decline
· Potential effects on dementia risk
· Alzheimer's disease
· neuroinflammation
· neurodegenerative disorders
· broader metabolic and vascular disorders
This distinction is important when communicating the evidence to clinicians. Cardiovascular and renal benefits are supported by large randomised controlled trials, whereas neurological benefits currently rely predominantly on preclinical studies, observational cohorts, and secondary analyses.
13. Future Research Directions
Several questions remain unanswered.
First, future trials should determine whether neuroprotective effects are independent of diabetes and glucose lowering. Most existing neurological evidence is derived from patients with diabetes, making it difficult to determine whether SGLT2 inhibition directly modifies neuronal pathology or simply reduces metabolic and vascular risk.
Second, randomised clinical trials should use validated cognitive outcomes rather than relying solely on administrative dementia diagnoses. Biomarkers of neuroinflammation, neurodegeneration, and cerebral vascular injury may help establish biological mechanisms.
Third, the possibility of synergistic effects with other cardiometabolic therapies deserves investigation. Combination treatment involving SGLT2 inhibitors, glucagon-like peptide-1 receptor agonists, and other disease-modifying agents may provide complementary cardiovascular, renal, and neurological effects.
Fourth, precision medicine approaches may identify patients most likely to benefit. Baseline kidney function, albuminuria, heart-failure phenotype, metabolic status, inflammatory markers, and vascular risk may influence treatment response.
Finally, longer-term studies are required to determine whether the favourable cardiovascular and renal effects translate into improved overall healthy lifespan and reduced multimorbidity.
14. Limitations
Several limitations should be considered when interpreting the expanding evidence for SGLT2 inhibitors beyond their established cardiovascular and renal applications. First, the evidence base is substantially stronger for cardiovascular and renal outcomes than for neurological outcomes. Most major SGLT2 inhibitor trials were designed primarily to evaluate cardiovascular or renal endpoints and were not specifically powered to detect changes in cognition, dementia incidence, or neurodegenerative disease progression.
Second, much of the neurological evidence is derived from preclinical studies, observational cohorts, secondary analyses, and real-world health-record data. Although these approaches provide important mechanistic and epidemiological insights, observational findings cannot establish causality and may be influenced by residual confounding, treatment-selection effects, differences in healthcare utilisation, and variations in baseline cardiovascular, renal, and metabolic status (Tang et al., 2025).
Third, neurological outcomes have been assessed using heterogeneous approaches, including diagnostic codes for dementia, adverse-event reporting, cognitive assessments, and secondary trial outcomes. This heterogeneity limits direct comparison between studies. Furthermore, dementia and neurodegenerative diseases often require prolonged follow-up before clinically meaningful differences can be detected. A 2025 systematic review and meta-analysis of randomised clinical trials found no statistically significant reduction in dementia or cognitive impairment with SGLT2 inhibitors, highlighting the need for trials specifically designed to evaluate neurological outcomes (Seminer et al., 2025).
Finally, the proposed mechanisms underlying potential neuroprotection, including effects on oxidative stress, neuroinflammation, mitochondrial function, cerebral vascular health, and metabolic signalling, remain incompletely established. It is also uncertain whether any neurological effects are direct actions of SGLT2 inhibition or are secondary to improvements in systemic metabolic, cardiovascular, and renal health. Therefore, the potential neurological applications of SGLT2 inhibitors should remain investigational until supported by adequately powered prospective clinical trials with validated cognitive and neurological endpoints.
15. Conclusion
SGLT2 inhibitors have undergone a substantial evolution in clinical pharmacotherapy, progressing from glucose-lowering agents to important components of cardiorenal and metabolic disease management. Their pharmacological effects extend beyond urinary glucose excretion and include natriuresis, haemodynamic modulation, improvement of renal tubular–glomerular interactions, and favourable cardiovascular and metabolic effects. Extensive clinical evidence has established their role in reducing heart-failure events and slowing chronic kidney disease progression, including in selected patients without diabetes. Long-term follow-up from EMPA-KIDNEY further supports the durability of their cardiorenal benefits during extended follow-up (EMPA-KIDNEY Collaborative Group, 2025).
The broader therapeutic potential of SGLT2 inhibitors is increasingly being explored in areas such as metabolic health, inflammation, oxidative stress, mitochondrial function, and neurological disorders. Among these emerging applications, potential neuroprotective effects have attracted considerable interest. Preclinical evidence provides biological plausibility, while observational studies have reported associations between SGLT2 inhibitor use and reduced risks of dementia and Alzheimer's disease-related outcomes. Nevertheless, these findings remain insufficient to establish causality. Importantly, randomised evidence has not demonstrated a statistically significant reduction in dementia or cognitive impairment with SGLT2 inhibitors, and evidence in Parkinson's disease and other neurodegenerative disorders remains limited (Seminer et al., 2025; Tang et al., 2025).
The current evidence therefore supports a clear distinction between established and emerging applications. Cardiovascular and renal benefits represent established therapeutic roles supported by substantial randomised clinical evidence, whereas neurological and other potential pleiotropic effects should currently be regarded as investigational. Continued research, particularly well-designed prospective randomised trials with validated clinical, cognitive, imaging, and biomarker endpoints, is necessary to determine whether these emerging effects translate into meaningful patient outcomes. Overall, SGLT2 inhibitors represent an important example of how a pharmacological class initially developed for glycaemic management has acquired broader therapeutic relevance, while also illustrating the importance of distinguishing established clinical benefits from promising but unconfirmed applications.
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