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Abstract: Mood disorders, including major depressive disorder and bipolar disorder, are frequently comorbid with metabolic syndrome,
contributing to greater illness severity and poorer outcomes. Sodium-glucose cotransporter-2 inhibitors (SGLT-2i), a novel class of anti-
diabetic agents, not only improve glycemic control but have also shown potential neuroprotective and cognitive benefits. This narrative
review summarizes preclinical and clinical evidence on the application of SGLT-2i in mood disorders, with emphasis on their multifaceted
mechanisms, including metabolic modulation, anti-inflammatory and antioxidant effects, mitochondrial protection, autophagy regulation,
and enhancement of neurotrophic signaling. But it is also notable that current evidence remains limited and heterogeneous. Most clinical
data derive from observational studies in diabetic populations and evidence supporting therapeutic effects in patients with established mood
disorders is still preliminary. Other important limitations include the scarcity of disorder-specific randomized controlled trials, uncertainty
regarding long-term safety in psychiatric populations, and potential interactions with psychotropic medications. Collectively, SGLT-2i may
represent a mechanistically relevant and clinically exploratory approach at the interface of metabolic and psychiatric disorders, though
further high-quality studies are required to establish their efficacy and safety in mood disorder populations.
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Mood Disorder and Metabolic Syndrome

Mood disorders are a group of psychiatric diseases characterized primarily by significant and persistent disturbances in
affect or mood, with major clusters including major depressive disorder (MDD) and bipolar disorder (BD). The 12-month
prevalence of depressive disorder is estimated to be around 6% globally, with a lifetime risk of 15-18%." The lifetime
prevalence of bipolar I disorder worldwide is approximately 0.6%, while bipolar II disorder has a slightly higher
prevalence, ranging from 0.4% to 1%.> Both conditions are strongly associated with reduced quality of life and increased
mortality risk. Specifically, depression ranked 13th leading cause of disability-adjusted life years (DALYs) in 2019 and
2nd as a cause of years lived with disability (YLDs) globally.® Bipolar disorder is associated with a potential reduction in
life expectancy of approximately 10-20 years.” Among the excess mortality observed in patients with severe mental
illnesses, including MDD and BD, about 60% is attributable to comorbid physical diseases, particularly cardiovascular
conditions,” indicating the possible relation between mood disorders and metabolic disorders.

Metabolic syndrome (MetS) directly increases the risk of cardiovascular disease, type 2 diabetes mellitus (T2DM),
and all-cause mortality. Various criteria have been proposed for the clinical diagnosis of MetS.>”” Though varying across
organizations, they typically represent a cluster of interrelated conditions including abdominal obesity, insulin resistance
or hyperglycemia, dyslipidemia, and hypertension.®
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Consistent with the elevated risk of cardiovascular mortality, patients with mood disorders show a significantly
increased comorbidity rate with MetS, approximately 31.3% and 31.7% for MDD and BD, respectively.* Conversely,
individuals with metabolic disorders also exhibit a heightened risk of mood disorders. For instance, the prevalence of
MDD in patients with T2DM is 14.5%, significantly higher than in the general population (OR = 1.73).° These
observations suggest a potential shared biological foundation between the two conditions.

This comorbidity exacerbates the severity of mood disorders and alters the disease course. The presence of MetS in older
adults with depression is associated with greater symptom severity and chronicity.'® In BD, metabolic risk factors have been
associated with poor treatment response, chronic course of illness, increased risk of rapid cycling, and worse global functioning.""
Both metabolic dysfunction and mood disorders are also independently associated with cognitive deficits,'> with each component
of MetS negatively affecting cognitive performance.'” The most pronounced impairments manifest in working memory,
followed by attention, executive function/processing speed, global cognition, verbal memory, and visual memory.'?

Taken together, these findings suggest that the metabolic burden associated with mood disorders is not merely
a comorbidity but an important factor that may worsen prognosis and complicate treatment. In this context, current
antidepressants and mood stabilizers remain limited by incomplete response, relapse, residual cognitive symptoms, and, in
some cases, adverse metabolic effects. Therefore, it may be a new direction to improve the prognosis of mood disorders by
exploring treatment strategies from the perspective of metabolic mechanisms. Several metabolic modulating agents like lipid-
lowering agents and anti-diabetic drugs, including statins, thiazolidinediones, glucagon-like Peptide 1 (GLP-1) agonists, and
metformin, have been evaluated for the treatment of mood disorders.'# !¢

Sodium-glucose co-transporter 2 inhibitors (SGLT-2i), as an emerging class of anti-diabetic agents, act through inhibiting
SGLT-2 receptors in the proximal renal tubules, thereby reducing blood glucose levels by preventing glucose reabsorption from
the urine and inducing a negative energy balance.'” They may be of particular interest because they exhibited the most significant
association with the reduction of depression onset in diabetic patients among many agents including GLP-1 agonists and
metformin.'®2° Moreover, these agents have demonstrated therapeutic benefits across multiple organs, with robust clinical
evidence supporting their efficacy in cardiovascular and renal diseases through mechanisms including ketogenesis which might
also benefit in mood disorders, anti-oxidation and anti-inflammation, and increasing evidence suggesting their potential
neuroprotective and cognitive improvement benefits in neurological conditions such as Alzheimer’s disease.' **

Overall, the rationale for examining SGLT-2 inhibitors in mood disorders rests on three considerations: the shared
pathophysiological basis of metabolic and affective dysregulation, the persistent unmet therapeutic needs in mood disorders,
and the possibility that SGLT-2i may offer a distinct translational profile among metabolic-modulating agents. Within this
metabolic—psychiatric framework, SGLT-2i warrant discussion as a mechanistically relevant but still clinically preliminary
approach in mood disorders. This review will summarize the established preclinical and clinical evidence regarding the
potential effects of SGLT-2i in mood disorders, and then outline their underlying mechanisms targeting the frequent
comorbidity of metabolic dysfunction in mood disorders, exploring their future clinical applications.

SGLT-2 and SGLT-2i

SGLT-2 belongs to a group of sodium-dependent symporters that mediate the transport of various substances.”> SGLT-2
itself is a glucose transporter that functions against a concentration gradient, transporting one Na* and one D-glucose
molecule, which is thought to be responsible for 80%-97% of renal glucose reabsorption.*®

SGLT-2 is predominantly located on the apical membrane of the brush border in renal proximal tubule cells, with emerging
research revealing that SGLT-2 may also be expressed in tissues beyond the kidney. Notably, the brain depends heavily on glucose
as its primary energy source, demanding glucose to cross several barriers linked with tight junctions via transporter proteins.?’ In
vivo PET imaging in rats with Me-4-FDG revealed widespread functional expression of SGLTs in the brain, including
hippocampal pyramidal neurons, cerebellar Purkinje cells, the frontal cortex, caudate-putamen, amygdala, parietal cortex, and
hypothalamic paraventricular nucleus.”® Among SGLTs, though SGLT-2 expression in the brain is lower than SGLT-1, co-
expression of SGLT-1 and SGLT-2 has been reported in several CNS regions.”” Human SGLT-2 mRNA has been detected in the
cerebellum.” Evidence from animal models suggests that SGLT-2 may localize in the brain microvasculature of the blood-brain
barrier (BBB),*® the choroid plexus and ependymal cells facing the CSF>' as well as in the hypothalamus, amygdala,
periaqueductal gray (PAG), and the nucleus tractus solitarius (NTS) involved in autonomic control,** such distribution patterns
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indicate that SGLT-2 may participate in the regulation of learning, food intake, energy, and glucose homeostasis, central
cardiovascular and autonomic functions,*? supporting the rationale for their potential involvement in metabolic and neuropsy-
chiatric diseases.

SGLT-2i has become a cornerstone in the treatment of T2DM. Widely approved agents nowadays include empagli-
flozin, dapagliflozin, and canagliflozin. These agents differ in their pharmacokinetic profiles and selectivity. While none
is absolutely selective for SGLT-2, empagliflozin exhibits the highest selectivity (SGLT-2/SGLT-1 about 2500), followed
by dapagliflozin (about 1200), and canagliflozin (about 250).>*

Beyond glycemic control, accumulating evidence suggests broader therapeutic potential for SGLT-2i. Notably, due to
their lipophilicity, SGLT-2i are capable of crossing the BBB and exert direct effects on the CNS. Among them,
empagliflozin shows the highest brain-to-serum area under the curve (AUC) ratio at 0.5, compared to 0.3 for dapagli-
flozin and canagliflozin.>> Such property supports their potential utility in the treatment of neuropsychiatric disorders.
Their potential role in mood disorder treatment will be reviewed in the following section.

Application of SGLT-2i in Mood Disorders

Evidence from Preclinical Animal Models

The accumulating animal experimental data have demonstrated the role SGLT-2i might play in the treatment of mood
disorders. As anti-diabetic agents, SGLT-2i exert regulatory effects on diabetes-induced depressive behaviors in diabetic
animal models. In DM rats, systemic or local administration of dapaglifiozin directly acts on the LHb, suppressing its
neuronal activity thereby producing anti-depressant effects.>® High-dose empagliflozin (10 mg/kg) daily oral adminis-
tration alleviates depressive-like behaviors induced by olfactory bulbectomy in DM rats, which could be attributed to its
antioxidant and brain-derived neurotrophic factors (BDNF) modulating properties.*’

The anti-depressant potential of SGLT-2i has also been demonstrated across various depression-related animal models. In
rats subjected to chronic unpredictable stress (CUS), all the mentioned SGLT-2i have been found effective to reverse the
resulting pathological changes in the hippocampus, such as upregulated inflammatory and oxidative markers, as well as
improve behavioral performance, indicated by shortened immobility in tail suspension and forced swim tests and normalized
sucrose preference.”® ** In mice exposed to single-prolonged stress (SPS), dapagliflozin treatment reversed depressive-like
behaviors and normalized SPS-induced increases Crh, Bax, Il1b, and Bdnf mRNA levels in brain, as well as corticosterone
level in serum.*' As noted above, endocrine dysregulation can promote depression development. Ovariectomized rats exhibit
depressive-like behaviors which could be reduced by empagliflozin, likely through regulation BDNF and AMPK pathways.**
Which is also suggested in reserpine-induced depressive animals.* These actions ultimately improve hippocampal neuro-
plasticity and restore the balance of monoamines, autophagy, and inflammation, contributing to the reversal of behavioral,
biochemical, and histopathological alterations associated with depression.*?

Recent studies have also explored the effects of SGLT-2i on BD. In a rat model of mania-like behavior induced by
paradoxical sleep deprivation (PSD), dapaglifiozin is found to alleviate those behaviors accompanied by enhanced
autophagic clearance in the hippocampus and promoted GABAergic transmission.**

The studies investigating the effects of SGLT-2i on mood disorders are listed in Table 1. And the verified molecular
pathways of SGLT-2i in mood disorders are summarized in Figure 1.

Cognitive impairment is a key feature of mood disorders and is often exacerbated by comorbid metabolic conditions.
SGLT-2i has been shown to be useful in cognition improvement manifested in diabetes-associated cognitive impairment.
Empagliflozin reduces cortical thinning, amyloid plaque burden, microglial activation, and oxidative stress, improving
memory performance possibly through modulating neuroinflammation and neurotrophic factors.*>*” But these findings
are indirect with respect to mood disorders and should be interpreted as supportive mechanistic evidence rather than
disorder-specific therapeutic data.

Clinical Evidence of SGLT-2i in Mood Disorders

While the growing animal studies have demonstrated the therapeutic potential and mechanisms of SGLT-2i for mood
disorders, it’s important to note that the doses used in these experiments are typically much higher than clinical doses, and
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Table | Summary of Evidence for SGLT-2i in Animal Models Related to Mood Disorders

Author SGLT-2i Animal Models Mechanisms

Muhammad et al*® | Dapagliflozin | mg/kg/d p.o. Rats exposed to CUS expressing depressive-like Anti-inflammation
behavior Improve neuroplasticity

Khedr et al*® Canagliflozin 20 mg/kg/d p.o. Rats exposed to CUMS expressing depressive-like | Anti-inflammation
behavior Activate autophagy

Reduce TRY/KYN
Regulate HPA axis

Dong et al*® Dapagliflozin | mg/kg/d ig. or HFD-induced diabetic rats expressing depressive- Enhance GABAergic transmission
500 ng/mL LHb microinjected like behavior
Borikar et al®’ Empagliflozin 5 or10 mg/kg/d p.o. | Streptozotocin- induced diabetic rats with OBX- Anti-oxidation
induced depression Improve neuroplasticity
Muhammad et al*? Empagliflozin 10 mg/kg/d p.o. Rats exposed to reserpine expressing depressive- | Anti-inflammation
like behavior Anti-Oxidation

Activate autophagy
Improve neuroplasticity

Fathy et al* Empagliflozin 10 mg/kg/d p.o. Female rats subjected to ovariectomy expressing Anti-inflammation
depressive-like behavior Improve neuroplasticity
Saleh et al** Dapagliflozin | mg/kg/d p.o. Mice exposed to PSD with mania-like behavior Activate autophagy
Enhance GABAergic transmission
Anti-inflammation
Ali et al*’ Empagliflozin 10 mg/kg/d p.o. Rats exposed to CUMS expressing depressive-like | Anti-inflammation
behavior Anti-oxidation
Anti-apoptosis
Relieve insulin resistance
Amawi et al*! Dapagliflozin | mg/kg/d p.o. Mice exposed to SPS with depressive-like behavior | Regulate HPA axis

Anti-apoptosis
Anti-inflammation

Abbreviations: LHb, lateral habenula; CUS, chronic unpredictable stress; CUMS, chronic unpredictable mild stress; HFD, high-fat diet; OBX, olfactory bulbectomy; PSD,
paradoxical sleep deprivation; SPS, single-prolonged stress; TRY/KYN, tryptophan/kynurenine; HPA-axis, Hypothalamic—pituitary—adrenal axis; GABA, G-protein-coupled y-
aminobutyric acid.

the metabolic profiles of animal models differ significantly from those of human patients. Therefore, additional clinical data
are required before SGLT-2i can be formally adopted for mood disorder treatment.

Since SGLT-2i are primarily used as anti-diabetic medications, most related clinical studies were conducted in diabetic
populations. A retrospective study from Taiwan, China, showed that patients with T2DM treated with SGLT-2i have
a significantly reduced risk of developing psychiatric disorders (HR=0.80, 95% CI: 0.72-0.88).*® Focusing on mood
disorders, a retrospective cohort study published in 2019 has already found that among multiple anti-diabetic drugs, SGLT-
2i was associated with a significantly lower risk of developing depression in diabetic patients (OR=0.09, 95% CI: 0.01-0.63)
but was limited by the small number of T2DM patients with comorbid depression receiving SGLT-2i.*’ Subsequent clinical
studies with larger sample sizes provide more reliable results. A nested case—control study finds that several anti-diabetic
agents are related to reduced risk of depression onset in diabetic patients, among which SGLT-2i exhibits the most significant
association (OR=0.55, 95% CI: 0.44-0.70).'® Two other large cohort studies report similar ﬁndings.m’zo

Another case—control study further investigates the broader neuropsychiatric effects of SGLT-2i in diabetic patients.
Diabetic patients have significantly higher PHQ-9 scores than healthy controls, but among the diabetic cohort, it’s
significantly lowered through the treatment of SGLT-2i compared to sulfonylureas.’® Similar favoring effects are also
observed in inflammatory biomarker levels, cognitive function tests, and quality of life (QoL) scores.”®

There is also evidence supporting the role of SGLT-2i for clinical symptoms of mood disorders, including cognitive
defects. A recent meta-analysis assesses the relationship between anti-diabetic drugs and cognitive impairment in T2DM
patients and reveals that, those taking SGLT-2i have a significantly reduced risk of dementia (OR=0.75, 95% CI:
0.64-0.87), which is the most robust among all anti-diabetic drugs studied.”'
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Figure | Proposed neurobiological mechanisms underlying the potential benefits of SGLT-2 inhibitors in mood disorder animal models. SGLT-2 inhibitors modulate multiple
pathways implicated in mood disorders. These converging mechanisms help restore cellular homeostasis and ultimately improve mood-related behaviors, as validated in
preclinical models. Upward arrows indicate relative increases or enhancement, whereas downward arrows indicate relative decreases or inhibition in the indicated
molecules, pathways, or biological effects.

Abbreviations: SGLT-2, Sodium-glucose cotransporter-2; NF-kB, Nuclear factor kappa-light-chain-enhancer of activated B cells; NLRP3, NOD-like receptor thermal
protein domain associated protein 3; IL-1p/IL-18, Interleukin-1 beta/Interleukin-18; TNF-a, Tumor necrosis factor-alpha; BBB, Blood-brain barrier; ROS, Reactive oxygen
species; INOS, Inducible nitric oxide synthase; GSH, Glutathione; CAT, Catalase; AMPK, AMP-activated protein kinase; mTOR, Mammalian target of rapamycin; LC3-I/LC3-II,
Microtubule-associated protein |A/IB-light chain 3 isoforms | and Il; BDNF, Brain-derived neurotrophic factor; CREB, cAMP response element-binding protein; IDO,
Indoleamine 2,3-dioxygenase; GABAA/GABAg R, Gamma-aminobutyric acid A/B receptor; HPA axis, Hypothalamic—pituitary—adrenal axis; CORT, Cortisol; T), Tight
junction.

While these population-based studies provide encouraging evidence for the beneficial psychiatric effects of SGLT-2i,
they primarily focus on comorbidity risk in diabetic populations, which are not designed to evaluate their therapeutic
efficacy in individuals already diagnosed with mood disorders. Two recent studies have attempted to amend this gap.
A randomized controlled trial in MDD patients with baseline HDRS scores >17 shows that those receiving citalopram
plus 10 mg empagliflozin have a greater reduction in HDRS scores than the placebo group, suggesting a potential
therapeutic effect of empagliflozin in MDD.>? Another cohort study focuses on patients diagnosed with BD and suggests
that SGLT-2i may have a neutral to potentially protective effect on suicide-related outcome compared to DPP-4
(IR = 0.17 vs. 0.26 per 100 person-years; IRD = —0.09; 95% CI: —0.16-0.02).>"

However, not all studies report consistent findings. A cross-sectional study finds no statistically significant difference
in depressive symptom severity between diabetic patients using and not using SGLT-2i.>* This study underscores the
need for further research to clarify the effects of SGLT-2i on mental health.

The clinical studies concerning SGLT-2i and mood disorders are summarized in Table 2.

Mechanisms Linking Mood and Metabolic Disorders
SGLT-2i exert potential therapeutic effects on mood disorders through multiple mechanisms. To better understand their
multi-target effects, we first explore the various pathways involved in the comorbidity between metabolic disorders and
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Table 2 Summary of the Clinical Studies Evaluating the Effects of SGLT-2 Inhibitors on Mood Disorders

Author Study Type Data Source/Site Population and Outcomes Key Findings
Akimoto Retrospective Nihon University School of Medicine | Patients aged above 20 diagnosed with T2DM | SGLT-2i decreased the risk of depression
etal® cohort study (NUSM) Clinical Data Warehouse at least 30 days with (N=1979) and without (AOR: 0.09; 95% CI: 0.01-0.63; P = 0.0153),
(CDW) (N=38235) depression. but only | patient with T2DM and depression
had taken SGLT-2i.
Wium- Cohort and Six National Danish registries Patients with T2DM (N=116699) and Use of SGLT2i in diabetic patients was
Andersen | nested case- matched group without diabetes. Outcome is | associated with the lowest odds of depression
etal'® control study the diagnosis of depression. (OR = 0.55; 95% Cl: 0.44-0.70), and lower
odds compared to those without diabetes
(OR =0.77; 95% CI: 0.61-0.98)
Mui Retrospective Clinical Data Analysis and Reporting | T2DM patients over |8 years old using Compared to DPP4i, SGLT2i use was
etal’ cohort study System (CDARS), Hong Kong SGLT2i (N =19,381) or DPP4i matched, associated with significantly lower incidence
followed up until new-onset depression or of new onset depression both before (HR:
death. 0.42; 95% ClI: 0.36-0.49; P <0.0001) and after
matching (HR: 0.35; 95% CI: 0.30-0.41; P<
0.0001).
Hu Retrospective National Health Insurance Research Patients with diabetes, taking SGLT2i SGLT2i reduce psychiatric disease (IR =1.26
etal*® cohort study Database (NHIRD), Taiwan (N=336140) matched with non-users. vs. 1.75; aHR = 0.80; 95% CI:0.72-0.88; p <
Incidence of psychiatric disorders including 0.001), but not significant for BD alone (aHR
BD was measured. =0.83; 95% CI: 0.69-1.00).
Zandifar Randomized Imam Ali Hospital, Alborz, Iran MDD outpatients (HDRS > = 17), randomly The average of HDRS in empagliflozin
et al”? Controlled divided into two groups receiving placebo (N | recipients (27.4 + 3.8 to 7.0  |.1) was
Trial = 45) or empagliflozin (10 mg/d) (N = 45) significantly lower than the placebo group
combined with citalopram (40 mg/d), (284 £ 3.8 to 13.4 + 3.4).
evaluated with HDRS in week 4/8.
Ganz Retrospective National Health and Nutrition 23575 participants in total. 7862 had T2DM, Diabetic patients on SGLT2i did not show
etal™ cohort study Examination Survey (NHANES) among which 68 were on SGLT2i. Depression | significant difference in PHQ-9 score
status was assessed by PHQ-9. compared to non-users (—0.769675; 95% CI:
—1.6177-0.0724; p = 0.0732).
Chen Retrospective | TriNetX US Collaborative Network | T2DM patients (N =359787) receiving GLP-1 RA showed higher depression risk than
et al®® cohort study monotherapy of metformin, GLP-1RA, DPP- SGLT-2i (HR = 1.33; 95% Cl: 1.16-1.53);
4i, SGLT-2i (N = 31,785). Outcomes included | SGLT-2i showed lower risk than DPP-4i (HR =
incident depression and all-cause mortality, 0.62; 95% Cl: 0.55-0.71); higher risk than
assessed after 1,3,5 years. metformin in year 3 (HR = 1.30; 95% CI:
1.01-1.37) but not in year | and 5.
Chang Retrospective | TriNetX US Collaborative Network | BD patients receiving psychiatric treatment In BD patients with T2DM, SGLT-2i showed
etal® cohort study initiated SGLT-2i or DPP-4i (N = 1711 each). | significantly lower risk of suicide-related
Outcomes included suicide-related events and | events (IR = 0.17 vs. 0.26 per 100 person-
all-cause mortality. years; IRD = —0.09; 95% Cl: —0.16-0.02; p =
0.0154) and all-cause mortality (HR = 0.594;
95% Cl: 0.451-0.783; p < 0.001) compared to
DPP-4i.
Majid Case-control Outpatient Department of Medicine | 166 participants divided into three groups: PHQ-9 scores were significantly higher in SUs
et al®® study and Diabetes Unit, Hakeem Abdul healthy controls (N =55), SGLT2i-treated group (8.2 = 1.67) than SGLT2i group (6.5 *
Hameed Centenary Hospital, Jamia T2DM patients (N =57), and SUs-treated 3.8), both higher than healthy controls (3.4 £
Hamdard, New Delhi, India T2DM patients (N = 54). 1.2) (p<0.001).
Cognitive function (MoCA), depression MoCA scores were significantly lower in both
(PHQ-9), serum neuroinflammatory and SGLT2i (22.51 £4.2) and SUs (20.03 +2.04)
metabolic biomarkers were measured. groups compared to healthy control (29.38 £
1.04) (p<0.001).
Neuroinflammatory markers (HMGBI, IL-18,
TNFa, IL-6, ADAM-10, and TLR4) and
metabolic markers (mTOR) were higher in
T2DM groups compared to healthy controls.

mood disorders. Several hypotheses linking these two disorders have been proposed, like genetic and environmental
factors, psychotropic medications, and moreover, the interconnected framework including inflammatory processes,

hypothalamic—pituitary—adrenal (HPA) axis, oxidative stress, neuroplasticity, and gut microbiota.’
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Genetic Factors

The causal links between depression and metabolic traits have been verified by Mendelian randomization studies: fat mass is
a causal risk factor for depression,’® while depression demonstrates a significant causal effect on T2DM and 36.5% of the
effect was mediated by BMI.>” Specifically, Amare et al identify 24 candidate pleiotropic genes and important biological
pathways that are likely to be shared with mood and metabolic disorders through meta-GWAS analysis.*®

Environmental Influences

Unhealthy lifestyles such as smoking, excessive alcohol consumption, poor sleep hygiene, physical inactivity, and
unhealthy nutritional patterns are highly prevalent among MDD/BD patients, and the limited access to quality healthcare
services further exacerbates this risk of pathophysiological disturbances and developing MetS.>* ! Considering the
prevalence of unhealthy behaviors among patients with psychiatric disorders and its substantial influence on MetS, it is
likely that adverse habits contribute remarkably to this comorbidity.”” Intriguingly, it is suggested that novel environ-
mental inputs, including artificial light at night and sustained refined sugar intake, may aggravate the metabolic and
circadian dysregulation, driving the BD development.®

Effects of Psychotropic Medications

Psychotropic medications, particularly antipsychotics, further elevate the risk of metabolic disturbances like obesity,
dyslipidemia, and diabetes in these patients.*® Individuals treated with any single antipsychotic agent, especially
olanzapine, commonly used in mood disorders treatment, have a higher risk of developing MetS compared to those
who received none.* The prevalence of T2DM significantly increased in those treated with antipsychotics except for
aripiprazole and amisulpride compared to non-users.®* Most psychotropic medications also contribute to weight gain
through mechanisms involving increased appetite, higher caloric intake, and delayed satiety signaling.®> The effect of
mood stabilizers on weight gain in BD patients is also significant, with a reported 77% patients experiencing an average
weight gain of 4-6.3 kg.®>® Anti-depressants, particularly those with high affinity for norepinephrine re-uptake
transporters, serotonergic 5-HT2C receptors, and histamine H1 receptors, also contribute to the increased risk of new
onset diabetes, especially in high doses and long-term treatment.®’

However, it is important to note that even after adjusting for lifestyle covariates, the association between metabolic
disorders and psychiatric illnesses persists,®” and is also observed in patients receiving diverse treatment regimens and
extends even to those who remained untreated.®® These findings suggest that additional pathophysiological mechanisms
inherent to psychiatric disorders themselves contribute to the development of metabolic disorders.

Inflammation and Oxidative Stress

CNS inflammation would affect synaptic plasticity, neurogenesis, and emotional behavior.®” It is well recognized that a high-
fat diet (HFD) related to inflammation of the hypothalamus as well as mitochondrial dysfunction and insulin resistance in the
hippocampus, induces cognitive or affective dysfunction.”® Obesity is a pro-inflammatory state, with adipose tissue
functioning as an endocrine organ capable of secreting pro-inflammatory cytokines and hormones such as leptin.”> An
immune cell will further infiltrate into metabolic tissues, promoting insulin resistance and exacerbating systemic glucose
metabolism dysregulation, thereby propagating the vicious cycle of inflammation.” In conclusion, inflammation associated
with mood disorders predisposes individuals to metabolic dysregulation; metabolic dysfunction perpetuates inflammation,
establishing a vicious cycle that reinforcing both metabolic and psychiatric pathology.

Disturbance of the HPA Axis

The HPA axis plays a key role in the body’s adaptation to environmental stress. Its hyperactivation is a hallmark of
MDD, contributing to emotional and cognitive dysfunction and stress-related abnormalities through its effects on
neurotransmitters, neuroplasticity, and inflammatory responses, especially in the amygdala and hippocampus.’* The
resulting chronic elevation of cortisol promotes visceral fat accumulation and insulin resistance through the activation of
lipoprotein lipase and inhibition of lipid mobilization, thereby increasing the risk of MetS, obesity, and diabetes.”

Neuropsychiatric Disease and Treatment 2026:22 https: 7



Guo et al

Neuroplasticity and Neurotrophic Factors

Neuroplasticity helps encode experiences and adapt to stimuli. Its mechanisms, mediated by regulators like BDNF and
mammalian target of rapamycin (mTOR), encompass neurogenesis, programmed cell death, and activity-dependent
synaptic plasticity.”” The development of mood disorders is closely related to neuroplasticity, and some anti-
depressants could regulate it to take their effect.”® Neuroplasticity is also affected in obesity. The magnitudes of long-
term potentiation and long-term depression were lower at the hippocampus of obese mice.”” Application of mTOR
inhibitor rapamycin in HFD-induced metabolic dysregulated and depressed mice could ameliorate both disorders,”®
implicating the role of neuroplasticity between mood and metabolic disorders.

Gut Microbiota

The gut microbiota has been proven to be related to MDD and BD, through the bidirectional gut-brain axis based on
metabolic, endocrine, neural, and immunological pathways.”” Meanwhile, gut microbiota and its metabolites may act
directly or indirectly on the brain via vagal stimulation and food reward signals to regulate metabolism, body home-
ostasis, and energy balance, thus contributing to obesity.*

Summary of Comorbid Mechanisms

To sum up, the interaction between mood disorders and metabolic disorders is bidirectional and involves multiple
interrelated factors, as shown in Figure 2, suggesting that medications targeting metabolic dysfunction may also help
mood disorders treatment. Moreover, considering the adverse effects of antipsychotic medications, combination therapy
to alleviate patients’ metabolic burden could be beneficial. Against this background, SGLT-2i, whose effects target those
overlapping pathways, has attracted growing attention for its potential neuropsychiatric benefits, which will be discussed
in the following section.

Mechanical Basis for Neuropsychiatric Benefits of SGLT-2i

Given the various overlapping mechanisms between mood and metabolic disorders, SGLT-2i may confer neuropsychia-
tric benefits through different biological pathways. This section outlines the major mechanistic domains through which
SGLT-2i may modulate mood and cognitive function.

Metabolism

As an anti-diabetic medication, SGLT-2i effectively lower blood glucose levels and reduce insulin resistance, while
concurrently improving lipid metabolism and promoting weight loss.®' These metabolic benefits alleviate peripheral meta-
bolic burden, potentially mitigating mood disorder through previously described mechanisms shared between metabolic and
mood disorders. However, except for such indirect metabolic effects, SGLT-2i directly regulates various metabolic pathways
like ketogenesis, mTOR and central insulin signaling pathways also benefits multiple neuropathological processes.

Ketogenesis
SGLT-2i induces mild ketosis via a mechanism often described as an “accelerated starvation state”.** During prolonged fasting
when glycogen stores are depleted, the liver converts fatty acids into ketone bodies to serve as an alternative fuel.** SGLT-2i
induce a similar metabolic state by promoting renal glucose excretion in the absence of fasting, leading to metabolic
adaptations including enhanced lipolysis and ketogenesis, mediated through AMPK activation and mTOR inhibition ***?
Ketone bodies, especially B-hydroxybutyrate (BHB), are a more efficient energy substrates that improve tissue energy
metabolism.** Given the brain’s high energy demand, it may particularly benefit from such metabolic effects. Ketos also
manifested neuroprotective, antioxidant, and neurotransmitter-regulatory effects in the brain.** Specifically, BHB could
function as a histone deacetylase inhibitor, leading to transcriptional activation of genes responsible for oxidative stress
defense and metabolic homeostasis.* It also modulates the activation of NLRP3 inflammasome and other inflammatory
pathways, thereby suppressing inflammatory responses.®” Ketogenic diet has been associated with changes in monoamine
neurotransmitters, including dopamine, noradrenaline, and serotonin in epilepsy, and also inhibits glutamate decarboxylase,
thus stimulating GABA synthesis.®* Clinically, multiple randomized trials have already confirmed that the ketogenic diet does
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improve depressive mood, but its poor adherence and limited serum ketone maintenance pose challenges that SGLT-2i may
help overcome pharmacologically, making them promising agents in mood disorder treatment.*®

Restoring the Rhythm of mTOR Activity

mTOR is another target of SGLT-2i concerning metabolism,** which integrates extracellular and intracellular signals to
regulate cell homeostasis and metabolism,* thus acting as a potential link between metabolic diseases and cognitive
impairment in psychiatric disorders.?” Under conditions where sufficient insulin and amino acids are available, nTORC1
complex is activated and suppresses autophagy, whereas nutrient deprivation inhibits mTORCI, restoring autophagic and
lysosomal activity to release amino acids into circulation.”® However, in patients with metabolic diseases exhibiting
insulin resistance, chronically elevated circulating amino acids sustain mTORC]1 activation and impair autophagy.”’ By
promoting continuous glucose excretion, SGLT-2i helps re-establish normal circadian dynamics of mTOR activity—
promoting anabolic activity during the day and catabolic activity at night’'—thereby maintaining metabolic balance,
mitigating inflammation, and ultimately contributing to improvements in cognitive function and mood regulation.

In addition to its role in metabolic regulation, mTOR regulates multiple neural processes, including autophagy-
dependent neuronal survival, axonal regeneration and sprouting, neurogenesis and differentiation, myelination and
oligodendrocyte maturation, as well as synaptic activity regulation downstream of NMDA receptor.”® Several of these
mechanisms are also implicated in the modulatory effects of SGLT-2i in neuropsychiatric disorders.

Ameliorating Brain Insulin Resistance

The brain is an insulin-sensitive tissue and is also exposed to the deleterious effects of insulin resistance. Brain insulin
resistance disrupts neuronal energy metabolism, aggravates oxidative stress, and promotes neuroinflammation.”® The
resulted abnormal neuronal activities are considered a critical factor underlying AD, MDD/BD, and the accompanying
cognitive deterioration.”* %’

SGLT-2i have been shown to enhance peripheral insulin sensitivity via enhanced fat utilization and browning, M2

® and mTOR pathway modulation.”> Similarly in CNS, SGLT-2i enhances brain insulin

macrophage polarization,’
signaling and improves hippocampal-dependent learning, memory, and cognitive functions in T2DM-AD mouse.””
Dapagliflozin increases the expression of insulin receptor and improves hippocampal insulin signaling, rescuing the
HFD-induced cognitive impairment.”*'*® As for humans, empagliflozin ameliorates insulin resistance in the hypothala-

mus, mediating the decrease in fasting glucose and liver fat.'"!

However, another study in HFD-fed female mice found
that such improvement is only peripheral.'®® More studies are needed to further validate the influence of SGLT-2i on

central insulin signaling.

Inflammation
Elevated peripheral inflammatory markers in mood disorder patients may disrupt the blood-brain barrier, promoting
neuroinflammation and microglial activation, as observed in both MDD and BD patients.'*>'%° These changes, observed
in brain regions involved in reward and cognition, are associated with neuronal network disruption, synaptic dysfunction,
and altered neurotransmission, including the kynurenine pathway, glutamate, and dopaminergic signaling.'%>'%°

Firstly, SGLT-2i mitigates inflammation through the regulation of metabolic dysfunction, as shown in conditions such as
myocardial infarction and renal diseases.'” SGLT-2i also induce the polarization of macrophages toward M2 phenotype

107-198 and suppress NLRP3 inflamamsome. ' %''® Systemic inflammatory reduction is the result of

through multiple pathways,
these anti-inflammatory responses, supported by preclinical studies and population-based RCTs, which demonstrate that
SGLT-2i significantly reduces multiple inflammatory as well as metabolic markers.'"'''* Alleviation of peripheral inflam-
mation mitigates BBB disruption, thus indirectly slowing the progression of neuronal damage.

Moreover, SGLT-2i could directly alleviate neuroinflammation. The regulation of microglia by SGLT-2i may represent
a critical mechanism underlying their therapeutic effects in mood disorders. In vitro studies have shown that empagliflozin
reduced the expression of inflammatory mediators in LPS-activated rat primary microglia, which might be mediated by NHE-
1 and by the inhibition of the ERK1/2 and NFkB pathways.''® In vivo, SGLT-2i are reported to reduce microglial activation

and promote a shift in microglial to the anti-inflammatory M2 phenotype in the LPS-induced rat neuroinflammation model, as
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Figure 2 Mechanisms contributing to the bidirectional influence of mood disorders and metabolic disorders. Multiple interacting pathways contribute to the close
relationship between mood and metabolic disturbances. Together, these mechanisms form a vicious cycle linking emotional and cognitive dysfunction with metabolic
dysregulation. Upward arrows indicate relative increases or enhancement, whereas downward arrows indicate relative decreases or inhibition in the indicated molecules,
pathways, or biological effects.

Abbreviations: HPA axis, Hypothalamic—pituitary—adrenal axis; CRF, Corticotropin-releasing factor; AMPK, AMP-activated protein kinase; mTOR, Mammalian target of
rapamycin; BDNF, Brain-derived neurotrophic factor; TrkB, Tropomyosin receptor kinase B; PI3K/AKT, Phosphoinositide 3-kinase / protein kinase B; LTP / LTD, Long-term
potentiation/Long-term depression; mPFC, Medial prefrontal cortex; NLRP3, NOD-like receptor thermal protein domain associated protein 3; MTHFR,
Methylenetetrahydrofolate reductase; GNAS, Guanine nucleotide-binding protein G(s) subunit alpha; FTO, Fat mass and obesity-associated protein; POMC, Pro-
opiomelanocortin; GSK3B, Glycogen synthase kinase 3 beta; TLR4, Toll-like receptor 4; APOE, Apolipoprotein E; CRY2, Cryptochrome circadian regulator 2;
CACNAID, Calcium voltage-gated channel subunit alphal D; IGFI, Insulin-like growth factor I.

well as inhibit NLRP3 inflammasome expression by disrupting the pTau-CX3C1 interaction.**''® Inhibition of NLRP3

inflammasome activation and its downstream signaling also serves as a key therapeutic target of CNS-related pathologies,''”

through which SGLT-2i exert their neuroprotective effects, as shown in CUS-induced depressed rats,*> as well as other various
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animal models, including Aluminium Chloride-induced AD rats,
120

rotenone-intoxicated rats with Parkinson disease (PD)
and methotrexate-induced cognitive impairment rats.

Mitochondrial Function and Cell Homeostasis

Mitochondria act as the hub of energy metabolism and autophagy, essential for maintaining neuronal homeostasis.
Mitochondrial dysfunction has emerged as a key etiological factor in mood disorders, manifesting through: (i) structural
abnormalities in morphology and distribution, (ii) impaired energy metabolism process with reduced ATP production and
enhanced anaerobic glycolysis, and (iii) compromised quality control due to dysregulated biogenesis and mitophagy
clearance pathways.'*""'?* Oxidative stress and autophagy, both closely linked to mitochondrial function, contribute
greatly to the pathogenesis of mood disorders and metabolic disorders. The ability of SGLT-2i to modulate these

processes may contribute to its therapeutic effects for mood disorders.

Anti-Oxidative Properties of SGLT-2i

The brain is highly vulnerable to oxidative stress due to its high metabolic rate, lipid content, and limited antioxidant
defenses.'?' Excessive ROS disrupts cellular communication, induces lipid and protein peroxidation, and triggers neuronal
apoptosis via Ca>* overload.'” Elevated oxidative stress is consistently observed in mood disorders, correlates with disease
severity, and some treating medications like fluoxetine, citalopram, lithium, and valproate may exert benefits by modulating
redox balance.'**'%’

SGLT-2i reduces oxidative stress through multiple mechanisms: direct improvement of mitochondrial function,
downregulation of oxidative enzymes, and enhancement of antioxidant systems.'*® Indirect effects include improving
glycemic control, alleviating insulin resistance, modifying hemodynamics, and ameliorating renin-angiotensin system
(RAS) activation.'*® By suppressing inflammatory pathways, SGLT-2i further reduce oxidative stress.'?’ Additionally,
ketone bodies promoted by SGLT-2i can serve as antioxidants and support mitochondrial function.®**®

Many preclinical studies have confirmed such antioxidative and neuroprotective effects, including CUS-induced
depressive rats in which empagliflozin reversed the increased oxidative markers.** In vitro studies reveal that empagli-
flozin mitigates dendritic and spine alterations induced by hydrogen peroxide in primary neurons and inhibits neuronal
ferroptosis induced by oxygen—glucose deprivation/reoxygenation.'**'*! In rotenone-induced PD rat models, both
empaglifiozin and dapagliflozin are able to reverse the elevated oxidative stress through AMPK/SIRT-1/PGC-1a pathway

or DJ-1/Nrf2 pathway.'¥>!33

SGLT-2i Modulates Autophagy

Dysregulated autophagy is observed in both mood disorders and neurodegenerative diseases characterized by abnormal
protein aggregation, like AD."**!3* Recent studies demonstrate that acute stress activates, while chronic stress suppresses
autophagy in the lateral habenula (LHb), and the latter is associated with maladaptation to chronic stress."*® Several anti-
depressants and mood stabilizers have been shown to modulate autophagy, including fluoxetine, sertraline, paroxetine,
desvenlafaxine, lithium, and valproate.'*’

But it’s noteworthy that both excessive and insufficient autophagy have been implicated in neurological disorders, with some
depression-like animal models exhibiting increased autophagic markers.'*” AKT1/mTOR has been found to be reduced in BD
patients during depressive episodes,"** and is also compromised in the prefrontal cortex of MDD patients during postmortem
studies.'* But the anti-depressant effect of mTOR inhibitor rapamycin has also been reported in animal models.'*

SGLT-2i can modulate autophagy through both mTOR-dependent and independent mechanisms, as verified in heart and
kidneys,*® and also animal models of mood disorders. Empagliflozin reverses the depressive behaviors and hinders autophagy
in the hippocampus of depressed rats induced by reserpine through AMPK/mTOR/Beclin1/LC3B machinery.*” Canagliflozin
also modulates TYR/KYN and AMPK/mTOR autophagic signaling in rats subjected to chronic unpredictable mild stress.>* In
manic mouse models, dapagliflozin influences autophagic flux and ameliorates mania-like behaviour.*® Similar regulation of

141 119 142

the autophagy pathway is also found in AD rat models, ™ rotenone-lesioned rats,” ~ vigabatrin-induced neurotoxicity, "~ and

PD rats.'*® But the exact effects of SGLT-2i on autophagy and thus mood disorders need further clarification.
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Brain-Derived Neurotrophic Factor

Neurotrophic factors, particularly BDNF, are important targets of SGLT-2i. BDNF plays a critical role in neuronal survival and
growth, acting as a mitogenic and chemotactic factor that promotes the proliferation, migration, and maturation of neural
progenitor cells, ultimately contributing to synaptic transmission and plasticity, especially in hippocampus.'** BDNF also
exerts neuroprotective effects through the suppression of apoptosis, oxidation, and autophagy.'*’

Decreased serum levels of mature BDNF (m-BDNF) are consistently observed in MDD patients, while pro-BDNF remains
unchanged.'*® In BD patients, the reduction is more pronounced, and the m-BDNF/pro-BDNF ratio differs significantly from
MDD, potentially serving as a discriminatory biomarker between the two disorders.'*” BDNF mediates the effects of many
anti-depressants like ketamine, which triggers BDNF release via AMPA receptor activation, enhances BDNF synthesis by
inhibiting eEF2K, and promotes BDNF-TrkB binding, ultimately activating mTOR and stimulating synaptogenesis.’®

BDNF contributes greatly to the interaction between SGLT-2i and psychiatric disorders, and acts synergically with
other mechanisms listed above. The verified anti-depressant mechanisms of SGLT-2i in various studies involve BDNF/
CREB signaling, highlighting its significance in mood disorder treatment.>'***>>7 Besides, SGLT-2i have also mani-

F’148—150

fested their benefits in AD cognitive impairment by increasing BDN with similar effects observed in other

neuropsychiatric conditions like PD and epilepsies.'**!3!:152

Additional Effects

Beyond mood disorders, other pathways have also been implicated in the therapeutic effects of SGLT-2i in a range of
neurological and neurodegenerative conditions, including AD, PD, HD, and metabolic-related cognitive impairment.
Although some mechanisms have not yet been directly validated in mood disorders, they provide important insights for
understanding the potential intersections between SGLT-2i and mood pathology.

Cholinergic Modulation

SGLT-2i has also been found to possess potential acetylcholinesterase (AChE) inhibitory property in AD.'** Animal
studies have shown that SGLT-2i can improve memory deficits in scopolamine-induced amnesia rat models by dampen-
ing AChE activity and increasing monoamine neurotransmitter levels.'>*

Cerebrovascular Protection

The neurovascular unit (NVU), composed of neurons, glial cells, vascular cells, the extracellular matrix, and the
functional coupling of these diverse components, is crucial for maintaining CNS homeostasis.'> Damage to both
micro- and macro-vascular structures can lead to NVU dysfunction and neurovascular remodeling, which play critical
parts in the onset and progression of neurodegenerative diseases and cognitive impairment.'>® Empagliflozin has been

157 and also enhance endothelial cell

158

shown to ameliorate microvascular damage and NVU remodeling caused by diabetes
function through various mechanisms, thus hindering the progression of atherosclerotic disease.

Summary
Evidence suggests that the neuroprotective effects of SGLT-2i arise from a convergence of multiple mechanisms summarized
in Figure 3. SGLT-2i attenuates systemic inflammation and oxidative stress, thereby reducing harmful signaling to the central
nervous system. And by improving metabolic status through ketogenesis, regulation of mTOR activity, and restoration of
insulin sensitivity, these agents benefit the CNS. Within the brain, SGLT-2i enhances mitochondrial bioenergetics, restores
autophagy balance, and suppresses neuroinflammation through inhibition of microglial activation and inflammasome path-
ways. In addition, SGLT-2i upregulates BDNF, promotes synaptic plasticity, supporting neuronal resilience. Collectively,
these mechanisms interact under the treatment of SGLT-2i, providing a plausible biological basis for the observed improve-
ments in affective and cognitive symptoms. This multifaceted mode of action highlights the potential of SGLT-2i as a bridge
between metabolic regulation and neuropsychiatric benefits.

Overall, the mechanistic rationale linking SGLT-2 inhibitors to mood disorders remains biologically plausible but it should
also be interpreted with caution. Much of the available evidence is derived from animal studies, in vitro experiments, or
disease models not specific to mood disorders. So accordingly, the pathways discussed above should be regarded primarily as
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Figure 3 Proposed mechanisms of SGLT-2 inhibitors in mood disorders. SGLT-2 inhibitors exert benefits to psychological disorders through multifaceted mechanisms, both
directly in the brain, and indirectly peripherally. Collectively, SGLT-2 inhibitors contribute to mood and cognitive improvements. Upward arrows indicate relative increases or
enhancement, whereas downward arrows indicate relative decreases or inhibition in the indicated molecules, pathways, or biological effects.

Abbreviations: SGLT-2, Sodium-glucose cotransporter-2; HPA axis, Hypothalamic—pituitary—adrenal axis; NLRP3, NOD-like receptor thermal protein domain associated
protein 3; BDNF, Brain-derived neurotrophic factor.

proposed or potentially relevant mechanisms rather than established therapeutic mechanisms in mood disorders. Further
translational studies are needed to clarify which of these effects are reproducible in human populations and whether they are
sufficient to translate into meaningful psychiatric benefit.

Potential and Challenges of SGLT-2i in Mood Disorders

Initially developed for T2DM, SGLT-2 inhibitors are gaining more recognition for their pleiotropic effects that may
benefit mood regulation. Preliminary data from animal and population studies suggest a multifaceted framework of its
biological mechanism, though translation to clinical use in mood disorders is still constrained by insufficient evidence
and several practical challenges.

Safety Considerations of SGLT-2i in Mood Disorder Treatment

The application of SGLT-2i in patients with mood disorders calls for the consideration of potential side effects and
complex interactions with existing psychotropic medications. Known adverse effects include common genitourinary
infections, volume depletion-related events including orthostatic hypotension and hypovolemia, acute kidney injury, bone
fractures, euglycemic or hyperglycemic diabetic ketoacidosis, elevated low-density lipoprotein and cholesterol, lower-
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limb amputation, and even malignancy.’*'>*'* Several clinical cases have also presented the potential negative
outcomes when SGLT-2i are combined with commonly used antipsychotics or mood stabilizers.

For instance, empaglifiozin could be associated with valproate toxicity when used in combination, likely due to
changes in drug distribution related to weight loss.'®' Co-administration of lithium and empaglifiozin may result in serum
lithium concentrations, possibly through increased renal excretion by inhibiting proximal tubular reabsorption of lithium-
glucose co-transport.'®* These cases highlight the need for careful consideration of potential direct or indirect interactions
between SGLT-2i and psychotropic medications when applied to mood disorders. Dose adjustments and close monitoring
of serum drug concentration are required to ensure safety and efficacy in such combined treatment regimens.

Direction of Future Research
Despite the growing interest in SGLT-2i as potential therapeutic agents for mood disorders, current evidence remains
preliminary and fragmented, warranting further validation across multiple research levels.

At the basic research level, although studies have indicated low-level expression of SGLT-2 in the central nervous

24726 its functional activity and regulatory pathways in the brain remain poorly characterized. Meanwhile, current

system,
investigations on SGLT-2i in mood disorders primarily employ CUS-induced depression-like models, with scarce
research involving manic or phase-switching models.

Clinically, existing evidence mainly derives from secondary analyses or retrospective observational studies in T2DM
patients, limiting causal inference. The absence of controlled trials in normoglycemic populations makes it difficult to
distinguish mood improvements resulting from direct effects of SGLT-2i and those driven by glycemic normalization.
Importantly, while some findings support a reduced risk of depression or cognitive impairment onset, evidence for the
reversal of established symptoms remains insufficient. To date, only a small number of clinical trials have investigated
the long-term effects of SGLT-2i use, so questions remain regarding the durability of therapeutic efficacy,'®* particularly
in psychiatric populations where long-term safety and interactions with psychotropic medications are important. Given
the marked clinical heterogeneity observed in patients with mood disorders, individual responses to SGLT-2i are likely to
vary. Stratified studies are essential to delineate patient subgroups most likely to benefit from this type of medication.

More trials are needed to validate this hypothesis, with two already underway (NCT05757791, NCT05792540). In
summary, while current findings are limited in scope and quality, SGLT-2 inhibitors represent a promising class of
metabolic modulators with potential pleiotropic neuropsychiatric benefits. Future mechanistic studies integrating neuroi-
maging, multi-omics, and immune-metabolic profiling are needed to bridge translational gaps and identifying predictive
biomarkers for precise therapy. Future clinical research should prioritize well-characterized patient subgroups, especially
individuals with mood disorders and coexisting metabolic dysfunction, to identify the patient populations and biological
pathways most relevant to future clinical application. In addition to broad diagnostic categories, studies should also
consider stratification by illness stage, symptom profile, cognitive impairment, and exposure to metabolically adverse
psychotropic medications, as these factors may influence both treatment response and tolerability. Moreover, well-
designed RCTs are needed to clarify whether SGLT-2i improves core mood symptoms, cognition, and functioning, and
whether such effects are independent of improvements in metabolic status. At the same time, longer-term studies should
evaluate safety and feasibility in psychiatric populations, including side effects and potential interactions with commonly
used psychotropic agents.
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