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ABSTRACT

SGLT2i (sodium-glucose cotransporter 2 inhibitors), also called flozins or gliflozins, are a group of hypoglycemic agents
that have revolutionized the approach in treatment of T2DM (type 2 diabetes mellitus). Recent years have witnessed a rise
in number of neurological conditions, which requires novel approaches to be examined to provide neuroprotection in these
patients. Some studies suggest that presence of SGLT2 receptors in the central nervous system can provide possible
neuroprotective properties in Alzheimer and Parkinson disease with the use of SGLT2i. We aimed in this review to
summarize current evidence of SGLT2i impact on the central nervous system (CNS), as well to define their potential role in
the comprehensive management of patients with neurologic disorders.

Methods and materials: A qualitative synthesis of the data focusing on SGLT?2 inhibitors, Alzheimer and Parkinson disease
was performed. This literature review of SGLT2 inhibitors effect on neuroprotection in neurodegenerative disorders included
recent publications, primarily from the past 10 years, and was conducted from November 2023 to May 2026 using the
PubMed database.

We performed a systematic search using specific keywords and medical subject headings (MeSH terms) related to SGLT2
inhibitors, Alzheimer and Parkinson disease. The primary search terms were: “SGLT2 inhibitors”, “sodium-glucose
cotransporter 2 inhibitors”, “Alzheimer disease”, “Parkinson disease”, “neuroprotection”, “mild cognitive impairment”, and
“flozins”. The criteria for inclusion of articles were as follows: published before May 2026, written in English, peer-reviewed
original research articles. Exclusion criteria included publications not available in full text, articles in languages other than
English. Editorials, commentaries, and conference abstracts without full data were also excluded. Titles and abstracts of the
retrieved articles were screened to determine eligibility based on the inclusion and exclusion criteria.
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Introduction.

Glucose is a vital fuel for the body's energy production and is essential for many metabolic processes.
To transport glucose effectively, the body uses several different transporter proteins, one of which is sodium-
glucose linked transporter 2 (SGLT2), also known as the sodium-glucose cotransporter. SGLT2 is a member
of the SGLT protein family and is responsible for reabsorbing almost all of the 180 g of glucose that is filtered
by the kidneys each day. In people with type 2 diabetes, SGLT2 may be overactive, leading to elevated levels
of glucose in the blood. SGLT?2 inhibitors are a class of medications widely used in type 2 diabetes treatment.
They work by inhibiting the activity of a SGLT2 which helps the body remove excess glucose from the blood
and reduce its high blood levels.

SGLT?2 inhibitors are usually taken orally and are often used in combination with other anti-diabetic
medications, such as metformin or insulin. They are generally well tolerated and have been shown to be
effective at lowering blood sugar levels and reducing the risk of complications in people with type 2 diabetes.
Common side effects of SGLT2i may include genital infections, urinary tract infections, and increased risk of
bone fractures. SGLT2i should not be used by people with certain medical conditions, such as severe kidney
disease, and in people at risk for low blood pressure or dehydration.

In addition to being used to treat type 2 diabetes, SGLT2i may also be used to treat other conditions. A
large body of research has suggested that SGLT2i may have potential benefits for people with heart failure, as
they may help reduce the risk of hospitalization and improve quality of life in people with this condition.
SGLT2i may also be used off-label to treat other conditions, such as diabetic nephropathy and nonalcoholic
fatty liver disease. Finally, there were reports suggesting that SGLT21 may have neuroprotective effects. Some
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research has found that SGLT2i may help reduce the risk of cognitive decline in people with type 2 diabetes
and may also have protective effects against certain neurological conditions, such as Parkinson's disease and
multiple sclerosis. In our work we want to better assess the potential role of SGLT21i in the neurological field.
The information of the SGLT2i impact on the nervous system and certain neurological conditions from
accessible literature was collected and properly analyzed to provide better comprehension in this area.

1. SGLT2 inhibitors.

SGLT2i (sodium-glucose cotransport 2 inhibitors) are revolutionary oral hypoglycemic agents that have
just been positioned in the management of treatment of type 2 diabetes mellitus (T2DM) and due to their many
pleiotropic effects such as cardiovascular benefits (significant blood pressure reduction) and neuroprotective
potential (anti-inflammatory and anti-atherosclerotic action; oxidative stress reduction) [1], [2], they greatly
improve the quality of life and reduce patients’ medical expenses [3]. However, clinical trials performed on
patients with type 1 diabetes mellitus (T1DM), showed that SGLT2i apart from improving HbA lc, reducing
body weight and improving blood pressure, increase the risk of diabetic ketoacidosis (DKA). For this reason,
SGLT?2i are still being evaluated for use in patients with TIDM [4]. SGLT?24i, also called flozins or gliflozins,
such as Dapagliflozin, Canagliflozin, Empagliflozin and Ertugliflozin are approved by the European Medicines
Agency (EMA) and the Food and Drug Administration (FDA) to clinical use [2]. It is also worth mentioning
that Sotagliflozin, dual inhibitor of both types of SGLTs (SGLT1 and SGLT2) [5], [6], has been recently
approved for treatment in both diabetes mellitus type 1 and type 2 [6]. Although, main affinity of SGLT2
inhibitors is apical SGLT2 protein, there have been observed differences in selectivity profiles between
SGLT2i [7].

SGLT?2 blockers are high-affinity, competitive [8] inhibitors which preferentially bind to the external
surface of the SGLTSs in the luminal membrane of the epithelial cells in the proximal tubule of kidney [1], [8],
[9]. The binding is possible only in the presence of Na* [8], [9] and results in locking the transporter in an
outward-facing conformation [8] and blocking glucose reabsorption from the urine by 40-50%. Therefore,
their main physiological action is lowering blood glucose levels by reducing glucose reabsorption to
approximately 100-130 g/day and greater urinary glucose excretion (UGE) up to 50-80 g/day [1], [2], [8].
Excretion of 50-80g glucose (which corresponds to 200-320 kcal of energy) induces weight loss, which may
lead to sarcopenia in elderly patients [10]. Thus, SGLT2i have glycosuric and natriuretic properties, which by
lowering pathological hyperfiltration, may have beneficial effect on renal protection [6]. The induction of the
diuresis by SGLT?2i is related to elevation of urine pH and small increase in bicarbonate excretion but its
mechanism is unclear. Natriuretic properties of flozins may be associated with the suppression of the Na*/H*
exchanger 3 (NHE3) [6], [11]. The mechanisms of SGLT?2 inhibition by flozins are presented in Fig. 1.
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Fig. 1. Main effects of SGLT?2 inhibition in kidneys. SGLT2 — sodium-glucose cotransporter 2; SGLT2i —
sodium-glucose cotransporter 2 inhibitors;, GLUTZ2 — glucose transporter 2; 1 — increase; | — decrease; X —
inhibition.
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2. Distribution of SGLT receptors in the central nervous system.

SGLT?2i are believed to have neuroprotective properties and to positively impact cognitive functions due to
their ability to cross blood-brain barrier (BBB). Many studies state that significant expression of SGLT2 can be
found, beyond the blood-brain barrier endothelial cells, in various areas of the brain, including the hippocampus
and cerebellum, as well as the choroid plexus epithelium, ependymal cells, amygdala, hypothalamus, periaqueductal
grey (PAG), nucleus of the solitary tract (NTS) and microvessels in human brain (shown on Fig. 2) [1], [12], [13].
It is interesting to note that the presence of SGLT?2 in choroid plexus epithelial cells and ependymal cells may affect
the composition of cerebrospinal fluid (CSF) [1], [14]. SGLT1, which is significantly more prevalent, has been
found in cortical pyramidal cells, hippocampus pyramidal and granular cells, as well as in the cerebellar Purkinje
cells, microvessels and ventromedial hypothalamus nuclei [1], [13], [15].

, \ | ’ l @i Brain cortex
i “ { (pyramidal cells)

S < = \
= )\ \‘ 1 Amygdala
|

Hippocampus “ <
(pyramidal and -
granular cells)

Microvessels 4‘.@
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Fig. 2. Distribution of SGLT receptors in the central nervous system (CNS): 1 — Pyramidal cells of brain
cortex, 2 — Purkinje cerebellum cells; 3 — Hippocampus pyramidal and granular cells; 4 — Hypothalamus, 5
— Microvessels; 6 — Amygdala cells; 7 — Periaqueductal grey (PAG); 8 — Dorsomedial medulla, nucleus of
the solitary tract (NTS). Figure modified with text based on References [1], [13], [15], [16] after adaptation
of “Brain” from Servier Medical Art by Servier, licensed under a Creative Commons Attribution 3.0
Unported License [17].

SGLT?2 inhibitors are lipid-soluble and able to cross BBB, reaching the brain:serum ratio from 0.3 to
0.5 [1]. That passage is even enhanced in brain pathologies causing disruption of the BBB [18]. Thus, SGLT2i
may exert their effect on central nervous system both in direct and indirect way, and this is by binding to the
SGLT proteins in brain and by lowering plasma glucose levels, respectively. Also, significant upregulation of
SGLT has been described after traumatic brain injury, and this might be responsible for increased glucose
uptake by brain after trauma [19]. SGLT1 protein expression rose significantly 52h after injury and peaked at
72h, whereas SGLT?2 increased 52h and 72h post injury. According to the authors, taking advantage of that
phenomenon may be used in forensic practice to determine whether traumatic brain injury occurred and time
of the injury.

Alzheimer disease (AD) and mild cognitive impairment (MCI).

MCl is a neurocognitive disorder where cognitive impairments are beyond those expected by the person
age, but they are not severe enough to classify them as dementia. MCI in common in T2D patients — the
combined prevalence of MCI in T2D patients estimated to be 45.0% (95% CI=36.0, 54.0) [20].

Alzheimer disease is an irreversible neurodegenerative disease and global leading cause of dementia. It
accounts for 60-80% of all causes of dementia [21]. In Europe, the prevalence of Alzheimer’s disease was
estimated at 5.05% (95% CI, 4.73-5.39) in patients above 65 years old, whereas the incidence was 11.08 per
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1000 person-years (95% CI, 10.30-11.89) [22]. Clinically, AD is associated with progressive and irreversible
neuron loss especially in cortical areas, which leads to a memory and other cognitive function loss, but also
personality and behavioral changes. Disease eventually leads to disability and premature death and its progress
cannot be stopped, though it can be delayed.

Although the age is undoubtedly the most important risk factor for development of the Alzheimer
disease [23], T2D and glucose metabolism deregulation also seems to hold huge significance. The study
performed by Juliette Janson et al. showed that diabetes or glucose intolerance might be present in up to 80%
patients with AD [24]. Geert Jan Biessels et al. showed in their epidemiological study that T2D increases the
risk of development of AD 1.5-2 times. In fact, mechanism of diabetes mellitus like insulin resistance and IGF
signaling disruption tend to overlap with pathogenesis of AD to that extend, that the Alzheimer disease is
frequently called “Type 3 diabetes” by many authors [22], [25], [26]. Diabetes mellitus may also accelerate
transition from MCI to dementia, and it might be associated with other neuropsychiatric conditions, such as
depression, anxiety. Thus, good diabetes control may reduce the mental health complications in patients with
psychiatric conditions [26].

Several pathophysiological and metabolic abnormalities have been associated with AD. Those are
chronic inflammation, impaired insulin and IGF signalization, increased permeability of BBB that could be a
complication of inflammation process, amyloid extracellular deposition called amyloid plaques, forming of
neurofibrillary tangles containing hyperphosphorylated Tau protein intracellularly, mitochondrial dysfunction
and oxidative stress. SGLT2i may ameliorate AD symptoms and slow down disease progress by influencing
those processes in different ways [27], [28], [29], [30].

First, SGLT2i, such as Empagliflozin can reduce insulin levels, increase glucagon levels and increase
serum beta-hydroxybutyrate (BHB) and non-esterified fatty acids (NEFAs) — that was shown by Avgerinos et
al. in patients without diabetics [31]. Similar effect was presented by Kullmann et al. in patients with
prediabetes — they showed that Empagliflozin treatment can improve and restore insulin sensitivity in
hypothalamus in those patients. In that experiment, conducted by using fMRI measurement of cerebral blood
flow (CBF) and performing nasal insulin administration to the brain researchers showed significant (p=0.019)
change in hypothalamic sensitivity in Empagliflozin-treated group in comparison to placebo group, so as
significant (p=0.04) change in Empagliflozin group before and after 8 weeks treatment [32]. They also suggest
that Empagliflozin should be positioned as the first pharmacological approach to reverse the brain insulin
resistance. The brain was long thought to be an insulin independent organ, as its glucose use does not depend
on insulin. However, in recent years an abundance of insulin receptors was identified in the brain, and it was
appreciated that insulin signaling can influence variety of brain functions, affecting both cognitive and
metabolic outcomes [33]. That insulin sensitivity restoring effect is particularly important in inhibiting
advancement of AD because, as mentioned before, many scientists associate AD development and progression
with insulin resistance [30], [34], [35].

Elevated BHB levels were observed after chronic and acute administration of Empagliflozin in non-
diabetic population. This might be important because accumulating evidence signifies that ketones are efficient
alternative for glucose to the cerebral tissue and could be used in chronic neurodegenerative disorders where
there is altered glucose utilization by the brain [46], [35]. Furthermore, blood ketone bodies like BHB can
modulate NLRP3 inflammasome-IL1p signaling [36], a pathologic pathway that is thought to be especially
important in AD [37]. The NOD-, LRR- and pyrin domain containing protein 3 (NLRP3) inflammasome is a
critical component of the innate immune system that mediates caspase-1 activation and secretion of
proinflammatory cytokines IL-1B and IL-18 in response to infection or cellular damage [38]. Aberration of
that signaling pathway has been found in many diseases with inflammatory background like AD. BHB can
inhibit that pathway and thus can reduce chronic inflammation observed in AD. According to that phenomenon
increasing levels of ketone bodies, such as BHB can be beneficial to patients with AD and other
neurodegenerative diseases.

What is more, the study found that Empagliflozin may decrease potentially harmful excitatory
neurotransmission by decreasing levels of glutamine and glutamate [39] — the latter is well known for its effect
called “excitotoxicity”’, where too strong and prolonged stimulation of neuron by excitatory glutamate results
in metabolic dysregulation of neurons and eventually cell death [40]. That effect may be induced trough
elevation of BHB levels — BHB has been shown to decrease glutamate levels in vitro, probably due to reduced
accessibility of reduced nicotinamide adenine dinucleotide (NADH) for cytosolic malate dehydrogenase which
resulted in inhibition of malate-aspartate shuttle activity, that in turn is hypothesized to have an obligatory
involvement for glutamate formation [41].
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Solitary administration of Empagliflozin was also associated with increased levels phosphorylated
insulin-like growth factor-1 receptor (pIGF-1R) phosphorylated insulin receptor (pIR), phosphorylated-in-
tyrosine insulin receptor substrate-1 (pY-IRS-1), and phosphorylated protein kinase B or AKT (pAKT) in
extracellular vesicles enriched for neuronal origin (NEVs). That effect holds significant relevance, because
AD and its progression was associated with these NEV biomarkers abnormalities [53], [42]. However, elevated
levels of those factors were observed only after first administration of Empagliflozin but not after 14 days [39].
Whether this effect can be sustained requires further investigation.

The pathogenesis and progress of AD has been also associated with unrestrained chronic mTOR
pathway activation [43], [44]. The mammalian target of rapamycin (mTOR) signaling pathway seems to be a
key determinant in sensing of the nutrients and regulating cell growth and autophagy [45], [46]. Generally,
mTOR is responsible for docking into the lysosomal surface and regulating lysosomal acidification and protein
breakdown. High levels of nutrients and growth factors activate mTOR, permitting it to dock to the lysosomal
surface, allowing it to stop protein degradation and driving anabolic intracellular signaling. Overactivity of
mTOR, driven for example by glucose excess, can lead to inhibition of amyloid precursor protein (APP)
degradation, leading to accumulation of APP in lysosomes. That can ultimately cause disruption of lysosomes
integrity and leak of the cathepsins into the cytoplasm, resulting in cellular death [60], [47]. Physiologically,
mTOR in the central nervous system is involved in variety of processes, such as synaptic plasticity (especially
in hippocampus), memory preservation and neuronal recovery. Dysregulation of beforementioned pathway is
emerging as an important factor in many human diseases, inter alios AD [45]. That chronic activation of mTOR
pathway may result in sustaining metabolic and mitochondrial dysfunction, breakdown of the BBB by
endothelial dysfunction, and also driving hyperphosphorylation of tau and formation of amyloid plaques in
brain [61], [48]. SGLT2i can mediate mTOR inhibition indirectly, via continuous loss of glucose in the urine.
Thus, by restoring appropriate mTOR signaling SGLT2i can prevent the progression of AD [49].

Administration of Empagliflozin was also associated with amelioration of cerebral oxidative stress and
increased levels of brain-derived neurotrophic factor (BDNF) in rats [50]. Lin et al. showed that Empagliflozin
treatment reduced cerebral superoxide and 8-OHdG (8-hydroxy-deoxyguanosine), which aligned with
reduction of cerebral NADPH oxidase subunit. That effect combined with elevation of BDNF levels was
supposedly responsible for prevention of cognitive function impairment in tested rats. Chronic oxidative stress
is also a widely discussed factor considered in Alzheimer pathogenesis and progression [27], [51], partially
because brain is more vulnerable than other organs to oxidative stress and many components of neurons can
be oxidized. Oxidative stress can promote amyloid deposition and tau hyperphosphorylation which are key
components of AD, and that can further cause cell damage and death [52]. Moreover, BDNF plasma levels
tends to be decreased in patients with T2D, so as BDNF output from human brain is also inhibited when
glucose levels are elevated [53]. Also, disruption in BDNF biosynthesis and signaling is associated with AD
[54], [55]. Thus, mitigating oxidative stress and elevating BDNF levels may be beneficial for patients suffering
from AD.

Another possible mechanism of SGLT2i influence on the AD is direct interaction with brain
acetylcholinesterase (AChE). AChE is a serine protease, that hydrolyses neurotransmitter acetylcholine into
acetate and choline, thus prevents it from binding with postsynaptic receptors and neurotransmission [56].
Brain AChE is primary target of most prevalent anti-AD drugs, such as donepezil, rivastigmine and
galantamine. They inhibit AChE and in result increase the concentration of acetylcholine in brain, which
concentration is thought to be decreased in the CNS of patients with AD [57]. It has been shown that
Dapagliflozin interacts with 19 AChE amino acids residues, which residues plays important role in substrate
binding, hence Dapagliflozin may directly inhibit AChE [58]. Arafa et al. showed an improvement in
behavioral tests in scopolamine-induced memory impairment in rats after administration of Canaglizflozin,
and this could be due to an improvement in memory mediated by AChE inhibition. What study also found was
significant increase in hippocampus M1 AChE receptor, what as well may be associated with cognitive
improvement [59].
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Parkinson’s disease (PD).

Parkinson’s disease is the second most common neurodegenerative disease, with global prevalence
doubling from 1990 to 2015 and reaching 6 million people worldwide. It is estimated that the number of
patients suffering from PD will double again reaching the number of 12 million by 2040. Considering other
factors, like increasing longevity, industrialization and decreased smoking rates that number can raise to over
17 million. According to that, some scientists coined a term “Parkinson pandemic” [60] to emphasize its
increasing prevalence.

PD clinically presents with motor symptoms, characterized by bradykinesia — slowness of movement
and decrease in its amplitude, rest tremor and abnormalities in posture and gait [61]. Those motor disturbances
cause progressive disability and increasing reduction in quality of patient’s life. Motor changes are linked to
degeneration of substantia nigra (especially pars compacta) and depletion of dopamine transmission to other
parts of the brain, most notably to striatum [62]. Although the disease is primarily defined as movement
disorder, other symptoms are also prominent and becoming increasingly significant as the disease progresses.
Especially important are neuropsychiatric symptoms, such as depression, anxiety, cognitive function loss,
apathy and others. Those symptoms are among the most common non-motor features of PD [63]. Other
symptoms include hyposmia, constipation, reduced gastric emptying, erectile dysfunction and much more.
They are linked to various pathological mechanisms, such as autonomic and more generally peripheral nervous
system disfunction [64].

Although the disease is considered as uncurable, there are treatments available to relieve symptoms,
improve quality of life and generally inhibit the disease progression. The most effective medication available
for treating motor symptoms is levodopa [65]. The evidence regarding SGLT2i usefulness in PD patients is
limited, however some trials have been performed.

Throughout the years growing evidence was gathered regarding connections between PD and diabetes
mellitus. As it turns out, diabetes is not only associated with higher risk of developing PD but also with its
quicker progression, faster advancing disability and worse answer for treatment — generally worse PD
phenotype [66], [67], [68]. Additionally, 50-80% of patients with PD may have abnormal glucose tolerance
[69]. PD and T2D share common pathogenetic features, such as disruption of insulin signaling that can lead to
insulin dysregulation, mitochondrial dysfunction, oxidative stress, inflammation in CNS and finally
degeneration of neurons [70]. Thus, SGLT2i, by lowering glucose levels, can protect and improve
mitochondrial function and reduce oxidative stress generated by those organs, and in consequence improve the
course of PD.

Mousa et al. showed that Empagliflozin can improve motor and histopathological changes caused by
subcutaneous injection of rotenone (ROT-induced parkinsonism) in mice [71]. Rotenone is a pesticide that
inhibits mitochondrial complex I and is widely used to induce parkinsonism in rats. The improvement was
probably mediated through antioxidative, anti-inflammatory and neuroprotective effects in dose dependent
manner. Improvement in neuroplasticity was observed indicated by elevation in BDNF, cAMP response
element-binding protein (CREB) and neuronal PAS domain Protein 4. Motawi et al. performed similar
experiment, whereas they showed a restorative effect of Empagliflozin on biochemical alterations seen after
subcutaneous injection of rotenone and improved motor functions. In the histopathological examination, they
showed increased intact neuron count and reduced astrogliosis and microgliosis in comparison to untreated
group [72]. Empagliflozin worked by moderating the GRP78/PERK/elF20/CHOP endoplasmic reticulum (ER)
stress pathway, downregulating miR-211-5p, which was predicted to target CHOP, a downstream effector in
the ER stress pathway. That resulted in reduction of oxidative stress, decreasing astrocyte and microglial
activation and inflammation alongside with augmenting the autophagy. Similar experiment was performed by
Arab et al., however they administered Dapagliflozin instead of Empagliflozin in rats after rotenone induction
of parkinsonism. As in previous cases, they observed attenuation of PD motor disfunction and diminished
histopathologic alterations. Apart from that they acknowledged significant alleviation in neuronal oxidative
stress via lowering lipid peroxides and restoration of previously disrupted DJ-1/Nrf2 pathway. Dapagliflozin
also suppressed inflammation, probably by curbing activation of NF-kB pathway and decreasing TNF-a levels
[73].
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Discussion and conclusions.

The pleiotropic properties of SGLT2 inhibitors have been previously demonstrated in the fields of
cardiology and nephrology, where they have been found to have cardioprotective and nephroprotective effects
[74], [75],[76], [77], [78], [79]. The use of SGLT?2 inhibitors in medicine is expanding, with ongoing research
into new areas of application [80], [81]. Our study showed that SGLT2 inhibitors may have an impact on the
nervous system through direct or indirect pathways [82]. One potential area of use for these inhibitors is in the
management of certain neurological conditions.

The most obvious benefit of these inhibitors is their ability to reduce elevated glucose levels. These
medications were specifically designed to lower blood glucose in individuals with diabetes mellitus through
renal excretion, and their effectiveness for this purpose has been well documented [83], [84], [85]. Lowering
blood glucose levels appears to be beneficial for neurons on its own, however SGLT2 inhibitors also have
pleiotropic effects on the nervous system. These inhibitors interact with various molecular targets and affect
different proteins, demonstrating multifaceted effects on neural health. There is also a growing understanding
of the association between diabetes mellitus and neurological disorders [86], [87], [88], [89].

Pugazhenthi et al. noted that chronic neuroinflammation can occur as a result of diabetes mellitus. It is
believed that this neuroinflammation in the diabetic brain results from peripheral inflammation, with cytokines
produced by macrophages playing a role in its development due to their ability to cross the blood-brain barrier
[90]. The direct effects of saturated fatty acids and advanced glycation end products on astrocytes and
microglial cells may also contribute to the process [90].

Neuroinflammation is thought to be a key factor in the pathogenesis of neurodegeneration in Alzheimer's
disease [91], [92], [93], [94]. Simultaneously there is a growing body of evidence indicating a connection
between Alzheimer's disease and diabetes mellitus, with chronic diabetes having a significant impact on brain
function [95], [96], [97]. Pugazhenthi et al. observed that diabetes management often focuses on traditional
complications such as diabetic retinopathy, peripheral neuropathy, nephropathy, and cardiovascular diseases
[90]. For that reason, the available guidelines for diabetes management were analyzed in order to examine
current therapeutic approaches for addressing cognitive sequelae in diabetes treatment [98]. The National
Institute for Health and Excellence (NICE) guidelines, which were updated in 2022, do not provide much
information on preventing cognitive damage among diabetes complications [99].

However, the guidelines do state that SGLT?2 inhibitors should be considered for all patients with type
2 diabetes and should be offered to those individuals with higher cardiovascular risk, or whose cardiovascular
risk increases over time, or for patients with an albumin-to-creatinine ratio over 30 mg/mmol. In turn, the
American Diabetes Association (ADA) shares a similar point of view with NICE regarding the use of SGLT2
inhibitors in managing diabetes-related conditions such as atherosclerotic cardiovascular disease, indicators of
high cardiovascular risk, heart failure, or chronic kidney disease [100].

Both ADA and European Association for the Study of Diabetes (EASD) highlighted that older patients
with diabetes are at a greater risk of depression and cognitive disorders. It is recommended to screen for mild
cognitive impairment or dementia in adults aged 65 or older. In the case of cognitive impairment, the diabetes
treatment regimen should be simplified as much as possible and tailored to minimize the risk of hypoglycemia
and these patients should be referred for additional support.

The ADA guidelines also refer to the increased prevalence of Alzheimer's disease among diabetic
patients but note that clinical trials with cholinesterase inhibitors and glutamatergic antagonists have not shown
positive therapeutic benefits in maintaining or significantly improving cognitive function. Intranasal insulin
therapy as well as metformin therapy were found to be potentially beneficial in a pilot study, providing insight
for future clinical trials and mechanistic studies.

The guidelines acknowledge the connection between diabetes and cognitive impairment, but there is a
lack of information about the potential prevention of cognitive disorders or any cognitive improvement
management. Additionally, SGLT2 inhibitors have not been considered in this field. The guidelines state that
further research on the pathophysiology and intervention for diabetic cognitive decline is needed, as it is a
challenging but high-reward area. Up to date there are several clinical trials being conducted that hopefully
dispel any doubts and potentially demonstrate the efficacy of SGLT2i [101].

As the rest neurological disorders are lesser connected to the diabetes mellitus like Parkinson’s disease,
naturally the guidelines have not referred to management of these conditions. Also presented research about
benefits of SGLT2i treatment on major depression disorders, autism spectrum disorders or other neurological
conditions including Huntington disease are promising but should be further verified due to limited
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investigations The neurological conditions in our comprehension should be considered as an integral part of
metabolic disorders in diabetes mellitus.

In this review we summarized current evidence of SGLT2i impact on the central nervous system (CNS),

as well their potential role in the comprehensive management of patients with neurologic disorders. Although
the use of SGLT2i in neurodegenerative disorders is promising, the further research is needed to determine
which patients will benefit the most from that therapeutical approach.

All authors have read and agreed with the published version of the manuscript.
Authors’ contribution:

Conceptualization: Jakub Jucha

Methodology: Jakub Jucha, Dominik Zajac, Dominika Darasz
Software: Artur Lukawski, Wojciech Zigbka

Check: Dominika Darasz, Lesia Slobozheniuk, Magdalena Bieniak
Formal analysis: Jakub Jucha, Krzysztof Machnik

Investigation: Artur Lukawski, Magdalena Bieniak, Wojciech Zigbka
Resources: Krzysztof Machnik, Dominika Darasz

Data curation: Lesia Slobozheniuk, Oliwia Dziewigcka
Writing-rough preparation: Dominik Zajac, Marta Kaczorek
Writing-review and editing: Dominik Zajgc, Oliwia Dziewigcka
Supervision: Dominik Zajac, Marta Kaczorek

Project administration: Jakub Jucha

Funding Statement: This research received no external funding.
Conflict of Interest Statement: The authors declared no potential conflicts of interest concerning the

research, authorship and/or publication of this article.

10.

11.

12.

REFERENCES

Pawlos, A., Broncel, M., Wozniak, E., & Gorzelak-Pabi§, P. (2021). Neuroprotective effect of SGLT2 inhibitors.
Molecules, 26(23), 7213. https://doi.org/10.3390/molecules26237213

Singh, A. G. K., Unnikrishnan, A., Zargar, A. H., Kumar, A., Das, A. K., Saboo, B., Sinha, B., Gangopadhyay, K.
K., Talwalkar, P. G., Ghosal, S., Kalra, S., Joshi, S., Sharma, S. K., Sriram, U., Mohan, V., et al. (2019). Evidence-
based consensus on positioning of SGLT2i in type 2 diabetes mellitus in Indians. Diabetes Therapy, 10.
https://doi.org/10.6084/m9.figshare.7546997

Ni, L., et al. (2020). SGLT2i: Beyond the glucose-lowering effect. Cardiovascular Diabetology.
https://doi.org/10.1186/s12933-020-01071-y

Kahn, S. E. (2022). Standards of care in diabetes—2023. Diabetes Care, 46(1). https://diabetesjournals.org/care
Rieg, T., & Vallon, V. (2018). Development of SGLT1 and SGLT?2 inhibitors. Diabetologia, 61(10), 2079-2086.
https://doi.org/10.1007/s00125-018-4654-7

Skrabic, R., et al. (2022). SGLT2 inhibitors in chronic kidney disease: From mechanisms to clinical practice.
Biomedicines, 10(10), 2458. https://doi.org/10.3390/biomedicines 10102458

Salvatore, T., et al. (2022). An overview of the cardiorenal protective mechanisms of SGLT2 inhibitors.
International Journal of Molecular Sciences, 23(7). https://doi.org/10.3390/ijms23073651

Wright, E. M. (2021). SGLT2 inhibitors: Physiology and pharmacology. Kidney360, 2(12), 2027-2037.
https://doi.org/10.34067/kid.0002772021

Ghezzi, C., Loo, D. D. F., & Wright, E. M. (2018). Physiology of renal glucose handling via SGLT1, SGLT2 and
GLUT2. Diabetologia. https://doi.org/10.1007/s00125-018-4656-5

Saisho, Y. (2020). SGLT2 inhibitors: The star in the treatment of type 2 diabetes? Diseases, 8(2), 14.
https://doi.org/10.3390/diseases8020014

Onishi, A., et al. (2020). A role for tubular Na+/H+ exchanger NHE3 in the natriuretic effect of the SGLT?2 inhibitor
empagliflozin. American Journal of Physiology-Renal Physiology, 319, 712-728.
https://doi.org/10.1152/ajprenal.00264.2020

Wicinski, M., Wodkiewicz, E., Gorski, K., Walczak, M., & Malinowski, B. (2020). Perspective of SGLT2 inhibition
in treatment of conditions connected to neuronal loss: Focus on Alzheimer’s disease and ischemia-related brain
injury. Pharmaceuticals, 13(11), 379. https://doi.org/10.3390/ph13110379

e-ISSN: 2544-9435 9



3(51) (2026): International Journal of Innovative Technologies in Social Science

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chiba, Y., Sugiyama, Y., Nishi, N., Nonaka, W., Murakami, R., & Ueno, M. (2020). Sodium/glucose cotransporter
2 is expressed in choroid plexus epithelial cells and ependymal cells in human and mouse brains. Neuropathology,
40(5), 482. https://doi.org/10.1111/neup.12665

Pearson, A., et al. (2020). Molecular abnormalities in autopsied brain tissue from the inferior horn of the lateral
ventricles of nonagenarians and Alzheimer disease patients. BMC Neurology, 20(1). https://doi.org/10.1186/s12883-
020-01849-3

Koepsell, H. (2020). Glucose transporters in brain in health and disease. Pfliigers Archiv - European Journal of
Physiology, 472(9), 1299—1343. https://doi.org/10.1007/s00424-020-02441-x

Nakhal, M. M., Aburuz, S., Sadek, B., & Akour, A. (2022). Repurposing SGLT2 inhibitors for neurological
disorders: A focus on the autism spectrum disorder. Molecules, 27(21), 7174.
https://doi.org/10.3390/molecules27217174

Servier. (n.d.). SMART—Servier Medical ART. Retrieved December 6, 2022, from https://smart.servier.com/

Dong, M., Wen, S., & Zhou, L. (2022). The relationship between the blood-brain barrier and the central effects of
glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors. Diabetes, Metabolic
Syndrome and Obesity: Targets and Therapy, 15, 2583-2597. https://doi.org/10.2147/DMS0O.S375559

Oerter, S., Forster, C., & Bohnert, M. (2019). Validation of sodium/glucose cotransporter proteins in human brain
as a potential marker for temporal narrowing of the trauma formation. International Journal of Legal Medicine,
133(4), 1107—-1114. https://doi.org/10.1007/s00414-018-1893-6

You, Y., etal. (2021). The prevalence of mild cognitive impairment in type 2 diabetes mellitus patients: A systematic
review and meta-analysis. Acta Diabetologica, 58(6), 671-685. https://doi.org/10.1007/s00592-020-01648-9

de Matos, A. M., de Macedo, M. P., & Rauter, A. P. (2018). Bridging type 2 diabetes and Alzheimer’s disease:
Assembling the puzzle pieces in the quest for the molecules with therapeutic and preventive potential. Medical
Research Reviews, 38(1), 261-324. https://doi.org/10.1002/med.21440

Niu, H., Alvarez-Alvarez, L, Guillén-Grima, F., & Aguinaga-Ontoso, 1. (2017). Prevalence and incidence of
Alzheimer’s disease in Europe: A meta-analysis. Neurologia, 32(8), 523-532.
https://doi.org/10.1016/j.nr1.2016.02.016

Guerreiro, R., & Bras, J. (2015). The age factor in Alzheimer’s disease. Genome Medicine, 7(1), 1-3.
https://doi.org/10.1186/s13073-015-0232-5

Janson, J., Laedtke, T., Parisi, J. E., O’Brien, P., Petersen, R. C., & Butler, P. C. (2004). Increased risk of type 2
diabetes in Alzheimer disease. Diabetes, 53(2), 474—481. https://doi.org/10.2337/diabetes.53.2.474

Liu, Y., Liu, F., Grundke-Igbal, 1., Igbal, K., & Gong, C. X. (2011). Deficient brain insulin signalling pathway in
Alzheimer’s disease and diabetes. The Journal of Pathology, 225(1), 54. https://doi.org/10.1002/path.2912
Alagiakrishnan, K., & Sclater, A. (2012). Psychiatric disorders presenting in the elderly with type 2 diabetes mellitus.
The American Journal of Geriatric Psychiatry, 20(8), 645—652. https://doi.org/10.1097/JGP.0B013E31823038DB
Chen, Z., & Zhong, C. (2014). Oxidative stress in Alzheimer’s disease. Neuroscience Bulletin, 30(2), 271-281.
https://doi.org/10.1007/s12264-013-1423-y

Akiyama, H., et al. (2000). Inflammation and Alzheimer’s disease. Neurobiology of Aging, 21(3), 383—421.
https://doi.org/10.1016/S0197-4580(00)00124-X

Kellar, D., & Craft, S. (2020). Brain insulin resistance in Alzheimer’s disease and related disorders: Mechanisms and
therapeutic approaches. The Lancet Neurology, 19(9), 758-766. https://doi.org/10.1016/S1474-4422(20)30231-3
Zenaro, E., Piacentino, G., & Constantin, G. (2017). The blood-brain barrier in Alzheimer’s disease. Neurobiology
of Disease, 107, 41-56. https://doi.org/10.1016/j.nbd.2016.07.007

Avgerinos, K. I, et al. (2022). Empagliflozin induced ketosis, upregulated IGF-1/insulin receptors and the canonical
insulin signaling pathway in neurons, and decreased the excitatory neurotransmitter glutamate in the brain of non-
diabetics. Cells, 11(21), 3372. https://doi.org/10.3390/cells11213372

Kullmann, S., et al. (2022). Empagliflozin improves insulin sensitivity of the hypothalamus in humans with
prediabetes: A randomized, double-blind, placebo-controlled, phase 2 trial. Diabetes Care, 45(2), 398—406.
https://doi.org/10.2337/dc21-1136

Kullmann, S., et al. (2020). Central nervous pathways of insulin action in the control of metabolism and food intake.
The Lancet Diabetes & Endocrinology, 8(6), 524-534. https://doi.org/10.1016/S2213-8587(20)30113-3

Laws, S. M., etal. (2017). Insulin resistance is associated with reductions in specific cognitive domains and increases
in CSF tau in cognitively normal adults. Scientific Reports, 7(1). https://doi.org/10.1038/s41598-017-09577-4
Cunnane, S. C., et al. (2020). Brain energy rescue: An emerging therapeutic concept for neurodegenerative disorders
of ageing. Nature Reviews Drug Discovery, 19(9), 609-633. https://doi.org/10.1038/s41573-020-0072-x

Youm, Y. H., et al. (2015). The ketone metabolite B-hydroxybutyrate blocks NLRP3 inflammasome-mediated
inflammatory disease. Nature Medicine, 21(3), 263-269. https://doi.org/10.1038/nm.3804

Heneka, M. T., et al. (2013). NLRP3 is activated in Alzheimer’s disease and contributes to pathology in APP/PS1
mice. Nature, 493(7434), 674—678. https://doi.org/10.1038/nature11729

e-ISSN: 2544-9435 10



3(51) (2026): International Journal of Innovative Technologies in Social Science

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kelley, N., Jeltema, D., Duan, Y., & He, Y. (2019). The NLRP3 inflammasome: An overview of mechanisms of
activation and regulation. International Journal of Molecular Sciences, 20(13).
https://doi.org/10.3390/ijms20133328

Avgerinos, K. 1., et al. (2022). Empagliflozin induced ketosis, upregulated IGF-1/insulin receptors and the canonical
insulin signaling pathway in neurons, and decreased the excitatory neurotransmitter glutamate in the brain of non-
diabetics. Cells, 11(21), 3372. https://doi.org/10.3390/cells11213372

Matthews, D. C., et al. (2021). Riluzole, a glutamate modulator, slows cerebral glucose metabolism decline in
patients with Alzheimer’s disease. Brain, 144(12), 3742-3755. https://doi.org/10.1093/brain/awab222

Lund, T. M., Risa, ©@., Sonnewald, U., Schousboe, A., & Waagepetersen, H. S. (2009). Availability of
neurotransmitter glutamate is diminished when beta-hydroxybutyrate replaces glucose in cultured neurons. Journal
of Neurochemistry, 110(1), 80-91. https://doi.org/10.1111/j.1471-4159.2009.06115.x

Rivera, E. J., Goldin, A., Fulmer, N., Tavares, R., Wands, J. R., & De La Monte, S. M. (2005). Insulin and insulin-
like growth factor expression and function deteriorate with progression of Alzheimer’s disease: Link to brain
reductions in acetylcholine. Journal of Alzheimer’s Disease, 8(3), 247-268. https://doi.org/10.3233/JAD-2005-8304
Perluigi, M., Di Domenico, F., & Butterfield, D. A. (2015). mTOR signaling in aging and neurodegeneration: At the
crossroad between metabolism dysfunction and impairment of autophagy. Neurobiology of Disease, 84, 39—49.
https://doi.org/10.1016/j.nbd.2015.03.014

Cai, Z., Chen, G., He, W., Xiao, M., & Yan, L. J. (2015). Activation of mTOR: A culprit of Alzheimer’s disease?
Neuropsychiatric Disease and Treatment, 11, 1015-1030. https://doi.org/10.2147/NDT.S75717

Perluigi, M., Di Domenico, F., Barone, E., & Butterfield, D. A. (2021). mTOR in Alzheimer disease and its earlier
stages: Links to oxidative damage in the progression of this dementing disorder. Free Radical Biology and Medicine,
169, 382. https://doi.org/10.1016/j.freeradbiomed.2021.04.025

Yuan, H. X., Xiong, Y., & Guan, K. L. (2013). Nutrient sensing, metabolism, and cell growth control. Molecular
Cell, 49(3), 379-387. https://doi.org/10.1016/j.molcel.2013.01.019

Nixon, R. A. (2017). Amyloid precursor protein and endosomal-lysosomal dysfunction in Alzheimer’s disease:
Inseparable  partners in a  multifactorial  disease. @ FASEB  Journal,  31(7), 2729-2743.
https://doi.org/10.1096/j.201700359

Mueed, Z., Tandon, P., Maurya, S. K., Deval, R., Kamal, M. A., & Poddar, N. K. (2019). Tau and mTOR: The
hotspots for multifarious diseases in Alzheimer’s development. Frontiers in Neuroscience, 12.
https://doi.org/10.3389/fnins.2018.01017

Sim, A. Y., Barua, S., Kim, J. Y., Lee, Y. H., & Lee, J. E. (2021). Role of DPP-4 and SGLT2 inhibitors connected
to  Alzheimer disease in type 2  diabetes mellitus.  Frontiers in  Neuroscience, 15.
https://doi.org/10.3389/fnins.2021.708547

Lin, B., et al. (2014). Glycemic control with empagliflozin, a novel selective SGLT2 inhibitor, ameliorates
cardiovascular injury and cognitive dysfunction in obese and type 2 diabetic mice. Cardiovascular Diabetology,
13(1). https://doi.org/10.1186/s12933-014-0148-1

Ionescu-Tucker, A., & Cotman, C. W. (2021). Emerging roles of oxidative stress in brain aging and Alzheimer’s
disease. Neurobiology of Aging, 107, 86-95. https://doi.org/10.1016/j.neurobiolaging.2021.07.014

Mueed, Z., Tandon, P., Maurya, S. K., Deval, R., Kamal, M. A., & Poddar, N. K. (2019). Tau and mTOR: The
hotspots for multifarious diseases in Alzheimer’s development. Frontiers in Neuroscience, 12.
https://doi.org/10.3389/tnins.2018.01017

Krabbe, K. S., et al. (2007). Brain-derived neurotrophic factor (BDNF) and type 2 diabetes. Diabetologia, 50(2),
431-438. https://doi.org/10.1007/s00125-006-0537-4

Xie, B., et al. (2020). Evaluation of the diagnostic value of peripheral BDNF levels for Alzheimer’s disease and
mild cognitive impairment: Results of a meta-analysis. International Journal of Neuroscience, 130(3), 218-230.
https://doi.org/10.1080/00207454.2019.1667794

Bharani, K. L., Ledreux, A., Gilmore, A., Carroll, S. L., & Granholm, A. C. (2020). Serum pro-BDNF levels
correlate  with phospho-tau staining in Alzheimer’s disease. Neurobiology of Aging, &7, 49-59.
https://doi.org/10.1016/j.neurobiolaging.2019.11.010

Shaikh, S., et al. (2014). Current acetylcholinesterase-inhibitors: A neuroinformatics perspective. CNS &
Neurological Disorders - Drug Targets, 13(3), 391-401. https://doi.org/10.2174/18715273113126660166
Ferreira-Vieira, T. H., Guimaraes, . M., Silva, F. R., & Ribeiro, F. M. (2016). Alzheimer’s disease: Targeting the
cholinergic system. Current Neuropharmacology, 14(1), 101-115.
https://doi.org/10.2174/1570159X13666150716165726

Shaikh, S., Rizvi, S. M. D., Shakil, S., Riyaz, S., Biswas, D., & Jahan, R. (2016). Forxiga (dapagliflozin): Plausible
role in the treatment of diabetes-associated neurological disorders. Biotechnology and Applied Biochemistry, 63(1),
145-150. https://doi.org/10.1002/bab.1319

Arafa, N. M. S.,; Ali, E. H. A., & Hassan, M. K. (2017). Canagliflozin prevents scopolamine-induced memory
impairment in rats: Comparison with galantamine hydrobromide action. Chemico-Biological Interactions, 277,195—
203. https://doi.org/10.1016/j.cbi.2017.08.013

e-ISSN: 2544-9435 11



3(51) (2026): International Journal of Innovative Technologies in Social Science

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Dorsey, E. R., Sherer, T., Okun, M. S., & Bloem, B. R. (2018). The emerging evidence of the Parkinson pandemic.
Journal of Parkinson’s Disease, 8(Suppl. 1), S3. https://doi.org/10.3233/JPD-181474

Tolosa, E., Garrido, A., Scholz, S. W., & Poewe, W. (2021). Challenges in the diagnosis of Parkinson’s disease. The
Lancet Neurology, 20(5), 385-397. https://doi.org/10.1016/S1474-4422(21)00030-2

Armstrong, M. J., & Okun, M. S. (2020). Diagnosis and treatment of Parkinson disease: A review. JAMA, 323(6),
548-560. https://doi.org/10.1001/jama.2019.22360

Weintraub, D., et al. (2022). The neuropsychiatry of Parkinson’s disease: Advances and challenges. The Lancet
Neurology, 21(1), 89—-102. https://doi.org/10.1016/S1474-4422(21)00330-6

Schapira, A. H. V., Chaudhuri, K. R., & Jenner, P. (2017). Non-motor features of Parkinson disease. Nature Reviews
Neuroscience, 18(7), 435—450. https://doi.org/10.1038/nrn.2017.62

Connolly, B. S., & Lang, A. E. (2014). Pharmacological treatment of Parkinson disease: A review. JAMA, 311(16),
1670-1683. https://doi.org/10.1001/jama.2014.3654

De Pablo-Fernandez, E., Goldacre, R., Pakpoor, J., Noyce, A. J., & Warner, T. T. (2018). Association between
diabetes and subsequent Parkinson disease: A record-linkage cohort study. Neurology, 91(2), e139—el42.
https://doi.org/10.1212/WNL.0000000000005771

Cheong, J. L. Y., de Pablo-Fernandez, E., Foltynie, T., & Noyce, A. J. (2020). The association between type 2
diabetes mellitus and Parkinson’s disease. Journal of Parkinson’s Disease, 10(3), 775-789.
https://doi.org/10.3233/JPD-191900

Yang, Y. W, et al. (2017). Increased risk of Parkinson disease with diabetes mellitus in a population-based study.
Medicine, 96(3). https://doi.org/10.1097/MD.0000000000005921

Sandyk, R. (1993). The relationship between diabetes mellitus and Parkinson’s disease. International Journal of
Neuroscience, 69(1-4), 125-130. https://doi.org/10.3109/00207459309003322

Lin, K. J., et al. (2021). Two birds one stone: The neuroprotective effect of antidiabetic agents on Parkinson
disease—Focus on sodium-glucose cotransporter 2 (SGLT2) inhibitors. Antioxidants, 10(12).
https://doi.org/10.3390/antiox 10121935

Mousa, H. H., Sharawy, M. H., & Nader, M. A. (2023). Empagliflozin enhances neuroplasticity in rotenone-induced
parkinsonism: Role of BDNF, CREB and Npas4. Life Sciences, 312. https://doi.org/10.1016/j.1f5.2022.121258
Motawi, T. K., Al-Kady, R. H., Abdelraouf, S. M., & Senousy, M. A. (2022). Empagliflozin alleviates endoplasmic
reticulum stress and augments autophagy in rotenone-induced Parkinson’s disease in rats: Targeting the
GRP78/PERK/elF20/CHOP  pathway and miR-211-5p.  Chemico-Biological  Interactions,  362.
https://doi.org/10.1016/j.¢bi.2022.110002

Arab, H. H., Safar, M. M., & Shahin, N. N. (2021). Targeting ROS-dependent AKT/GSK-3p/NF-kB and DJ-1/Nrf2
pathways by dapagliflozin attenuates neuronal injury and motor dysfunction in rotenone-induced Parkinson’s
disease rat model. ACS Chemical Neuroscience, 12(4), 689-703. https://doi.org/10.1021/acschemneuro.0c00722
Wiviott, S. D., etal. (2019). Dapagliflozin and cardiovascular outcomes in type 2 diabetes. The New England Journal
of Medicine, 380(4), 347-357. https://doi.org/10.1056/NEJMoal812389

Cannon, C. P., etal. (2020). Cardiovascular outcomes with ertugliflozin in type 2 diabetes. The New England Journal
of Medicine, 383(15), 1425-1435. https://doi.org/10.1056/NEJM0a2004967

Steiner, S. (2016). Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. Zeitschrift fiir
Gefissmedizin, 13(1), 17-18. https://doi.org/10.1056/NEJMoal1504720

Mahaftfey, K. W., etal. (2018). Canagliflozin for primary and secondary prevention of cardiovascular events: Results
from the CANVAS Program (Canagliflozin Cardiovascular Assessment Study). Circulation, 137(4), 323-334.
https://doi.org/10.1161/CIRCULATIONAHA.117.032038

Perkovic, V., et al. (2019). Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. The New England
Journal of Medicine, 380(24), 2295-2306. https://doi.org/10.1056/NEJMoal 811744

Heerspink, H. J. L., et al. (2020). Dapagliflozin in patients with chronic kidney disease. The New England Journal
of Medicine, 383(15), 1436-1446. https://doi.org/10.1056/NEJMo0a2024816

Nayak, S., Rathore, V., Bharati, J., & Sahu, K. K. (2021). Extending the ambit of SGLT?2 inhibitors beyond diabetes:
A review of clinical and preclinical studies on non-diabetic kidney disease. Expert Review of Clinical Pharmacology,
14(12), 1513-1526. https://doi.org/10.1080/17512433.2021.2028620

Brown, E., Wilding, J. P. H., Alam, U., Barber, T. M., Karalliedde, J., & Cuthbertson, D. J. (2021). The expanding
role of SGLT?2 inhibitors beyond glucose-lowering to cardiorenal protection. Annals of Medicine, 53(1), 2072-2089.
https://doi.org/10.1080/07853890.2020.1841281

Oerter, S., Forster, C., & Bohnert, M. (2019). Validation of sodium/glucose cotransporter proteins in human brain
as a potential marker for temporal narrowing of the trauma formation. International Journal of Legal Medicine,
133(4), 1107-1114. https://doi.org/10.1007/s00414-018-1893-6

Jinnouchi, H., Nozaki, K., Watase, H., Omiya, H., Sakai, S., & Samukawa, Y. (2016). Impact of reduced renal
function on the glucose-lowering effects of luseogliflozin, a selective SGLT2 inhibitor, assessed by continuous
glucose monitoring in Japanese patients with type 2 diabetes mellitus. Advances in Therapy, 33(3), 460—479.
https://doi.org/10.1007/s12325-016-0291-z

e-ISSN: 2544-9435 12



3(51) (2026): International Journal of Innovative Technologies in Social Science

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Wilding, J. P. H., et al. (2012). Long-term efficacy of dapagliflozin in patients with type 2 diabetes mellitus receiving
high doses of insulin: A randomized trial. Annals of Internal Medicine, 156(6), 405-415.
https://doi.org/10.7326/0003-4819-156-6-201203200-00003

Polidori, D., et al. (2013). Canagliflozin lowers postprandial glucose and insulin by delaying intestinal glucose
absorption in addition to increasing urinary glucose excretion: Results of a randomized, placebo-controlled study.
Diabetes Care, 36(8), 2154-2161. https://doi.org/10.2337/dc12-2391

Tyagi, R., Vaidya, B., & Sharma, S. S. (2022). Crosstalk between neurological, cardiovascular, and lifestyle
disorders: Insulin and lipoproteins in the lead role. Pharmacological Reports, 74(5), 790-817.
https://doi.org/10.1007/s43440-022-00417-5

Li, W., Huang, E., & Gao, S. (2017). Type | diabetes mellitus and cognitive impairments: A systematic review.
Journal of Alzheimer’s Disease, 57(1), 29-36. https://doi.org/10.3233/JAD-161250

Surkova, E. V., Tanashyan, M. M., Bespalov, A. 1., & Naminov, A. V. (2019). Diabetes mellitus and cognitive
impairment. Terapevticheskii Arkhiv, 91(10), 112—118. https://doi.org/10.26442/00403660.2019.10.000362
Biessels, G. J., & Despa, F. (2018). Cognitive decline and dementia in diabetes mellitus: Mechanisms and clinical
implications. Nature Reviews Endocrinology, 14(10), 591-604. https://doi.org/10.1038/s41574-018-0048-7
Pugazhenthi, S., Qin, L., & Reddy, P. H. (2017). Common neurodegenerative pathways in obesity, diabetes, and
Alzheimer’s disease. Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 1863(5), 1037-1045.
https://doi.org/10.1016/j.bbadis.2016.04.017

Zhou, R., et al. (2021). PET imaging of neuroinflammation in Alzheimer’s disease. Frontiers in Immunology, 12,
1-16. https://doi.org/10.3389/fimmu.2021.739130

Dhapola, R., Hota, S. S., Sarma, P., Bhattacharyya, A., Medhi, B., & Reddy, D. H. K. (2021). Recent advances in
molecular pathways and therapeutic implications targeting neuroinflammation for Alzheimer’s disease.
Inflammopharmacology, 29(6), 1669—1681. https://doi.org/10.1007/s10787-021-00889-6

Parhizkar, S., & Holtzman, D. M. (2022). APOE mediated neuroinflammation and neurodegeneration in
Alzheimer’s disease. Seminars in Immunology, 59, 101594. https://doi.org/10.1016/j.smim.2022.101594

Leng, F., & Edison, P. (2021). Neuroinflammation and microglial activation in Alzheimer disease: Where do we go
from here? Nature Reviews Neurology, 17(3), 157—-172. https://doi.org/10.1038/s41582-020-00435-y

Karran, M., et al. (2019). Recruitment of older veterans with diabetes risk for Alzheimer’s disease for a randomized
clinical trial of computerized cognitive training. Journal of Alzheimer’s Disease, 69(2), 401-411.
https://doi.org/10.3233/JAD-180952

Diniz Pereira, J., Gomes Fraga, V., Morais Santos, A. L., Carvalho, M. das G., Caramelli, P., & Braga Gomes, K.
(2021). Alzheimer’s disease and type 2 diabetes mellitus: A systematic review of proteomic studies. Journal of
Neurochemistry, 156(6), 753-776. https://doi.org/10.1111/jnc.15166

Burillo, J., et al. (2021). Insulin resistance and diabetes mellitus in Alzheimer’s disease. Cells, 10(5), 1236.
https://doi.org/10.3390/cells 10051236

Moran, G. M., Bakhai, C., Song, S. H., & Agwu, J. C. (2022). Type 2 diabetes: Summary of updated NICE guidance.
BMJ. https://doi.org/10.1136/bmj.0775

National Institute for Health and Care Excellence. (n.d.). Recommendations for research: Type 2 diabetes in adults:
Management. Retrieved May 25, 2026, from https://www.nice.org.uk/guidance/ng28/chapter/Recommendations-
for-research

Introduction and methodology: Standards of care in diabetes—2026. (2026). Diabetes Care, 49(Suppl. 1).
https://doi.org/10.2337/DC26-SINT

Davies, M. J., et al. (2022). Management of hyperglycemia in type 2 diabetes, 2022: A consensus report by the
American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes
Care, 45(11), 2753-2786. https://doi.org/10.2337/DCI22-0034

e-ISSN: 2544-9435 13



