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ABSTRACT 

Poor cognitive ability is a consequence of a wide variety of neurobehavioral disorders and is a growing health 

problem, especially among the elderly and patients with diabetes. The precise underlying cause of this complica-

tion is not well-defined. However, recent studies have highlighted the possible role of insulin hormone signaling 

in brain tissue. Insulin is a metabolic peptide integral to whole body energy homeostasis; it does, however, have 

extrametabolic impacts, such as upon neuronal circuits. Therefore, it has been suggested that insulin signaling may 

modify cognitive ability by yet unknown pathways. In the current review, we discuss the cognitive role of brain 

insulin signaling and consider the possible links between brain insulin signaling and cognitive ability. 
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INTRODUCTION  

Cognitive dysfunctions (CDs) feature 

among the major mental conditions threaten-

ing human health especially in older adults 

(Porter et al., 2019). Cognitive dysfunction is 

described as "a significant impairment of cog-

nition or memory that represents a marked de-

terioration from a previous level of function" 

(Cooper, 2018; Shorter, 2022). CDs nega-

tively impact mental functioning and reduce 

or restrict the cognitive functions of learning, 

memory, perception and problem solving 

(Porter et al., 2019; Viggiano et al., 2020). 
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They exhibit a wide array of mental symp-

toms including delirium, dementia, amnesia, 

anxiety and attention disorders (Cooper, 

2018). The latest edition of the Diagnostic and 

Statistical Manual of Mental Disorders 

(DSM), DSM-5-TR, featured a wide spec-

trum of mental disorders that are accompa-

nied by varying levels of cognitive impair-

ment (Bădescu et al., 2016; Pinna et al., 2017; 

Sastre et al., 2017; Shorter, 2022). Many stud-

ies have investigated the underlying causes of 

CDs and suggested that multiple pathophysi-

ologic pathways are involved (Hampel et al., 

2018; Dewey et al., 2019). Some of those 

studies have proposed a role for insulin, a 

peptide hormone primarily involved in me-

tabolism and energy homeostasis, in cogni-

tion (Lv et al., 2020; Barber et al., 2021). In-

sulin can easily pass through the blood brain 

barrier (BBB) using a saturable transporter 

(Spinelli et al., 2019). Insulin receptors (IRs) 

are widely expressed in different areas of the 

brain, including those related to cognitive per-

formance (Hopkins and Williams 1997; 

Spinelli et al., 2019). Whilst insulin does not 

have a significant role in brain metabolic 

pathways and brain glucose homeostasis 

(Gabbouj et al., 2019), it is involved in im-

portant activities such as neuronal growth, 

synaptic formation and plasticity (Gabbouj et 

al., 2019). Altered levels of brain insulin re-

sistance have been reported in patients with 

CDs (Hamer et al., 2019; Spinelli et al., 2019) 

and, therefore, this is highly suggestive of a 

relationship between cognitive ability and 

brain insulin signaling. In the current study, 

we discuss the potential extrametabolic roles 

of brain insulin signaling in cognitive func-

tioning.  

 

COGNITIVE PERFORMANCE IN  

PATIENTS WITH DIABETES 

Patients with uncontrolled diabetes melli-

tus (DM) often show cognitive impairments 

and memory loss such as Alzheimer’s disease 

(AD), Parkinson’s disease (PD) and dementia 

(Albai et al., 2019; Chaytor et al., 2019). An 

increased frequency of neuronal death and 

brain atrophy, due to increased apoptosis and 

necrosis, is the major pathological hallmark 

on brain magnetic resonance imaging (MRI) 

of patients with uncontrolled diabetes (Zilliox 

et al., 2016; Moran et al., 2019). Multiple 

pathophysiologic mechanisms are induced by 

DM and related dysfunctional metabolic path-

ways, including hexosamine, polyol and lipid 

peroxidation pathways, creating a toxic mi-

lieu around the neurons and ganglia involved 

in cognition and memory in the central and 

peripheral nervous systems. Thus, DM  nega-

tively impacts the normal physiological func-

tioning of neuronal networks (Zilliox et al., 

2016). It has also been suggested that AD and 

DM have a shared pathophysiology that in-

cludes a distinct form of insulin resistance and 

impaired glucose tolerance in the brain and 

peripheral tissues (Sun et al., 2020). Moreo-

ver, some recent reports have suggested a 

similar pathophysiology for DM and PD 

(Hassan et al., 2020). Therefore, patients with 

diabetes are at increased risk of cognitive 

complications and memory loss relative to the 

non-diabetic population (Hogg et al., 2018; 

Sang et al., 2018). 

 

INSULIN SIGNAL TRANSDUCTION  

Insulin is a 51-amino acid peptide pro-

duced by pancreatic β-cells, mainly under the 

influence of circulating glucose, although 

other factors such as amino acids, acetylcho-

line, cholecystokinin and incretin hormones 

also play a role (Arnold et al., 2018). Insulin 

signal transduction (IST) is initiated by bind-

ing of insulin to the α chain of its specific IR, 

a transmembrane tyrosine kinase composed 

of two chains, α and β (Færch et al., 2016). 

This binding initiates β chain auto-phosphor-

ylation in tyrosine residues followed by re-

cruitment of adaptor proteins, insulin receptor 

substrates (IRSs), Shc protein (SHC-trans-

forming protein), and APS protein (adapter 

protein with a PH and SH2 domain) (Kiselyov 

et al., 2009; Hall, 2015). These proteins pro-

vide an effective binding site for IRS-1 and 

cause its activation (Kiselyov et al., 2009). 

Activated IRS-1 attaches to PI3K (phospho-

inositide 3-kinase), activates it and catalyzes 

the conversion of PIP2 (Phosphatidylinositol 
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4,5-bisphosphate) to PIP3 (Phosphatidylinosi-

tol 3,4,5-trisphosphate) (Ho et al., 2016). PIP3 

is itself a potent activator for PKB (protein ki-

nase B, also known as Akt) which, in turn, fa-

cilitates glucose entering into the cells by lo-

calization of Glut-4 (glucose transporter type 

4) on the cell membrane of insulin-dependent 

tissues (Figure 1) (Ho et al., 2016; Koeppen 

and Stanton, 2017).  

Akt also inhibits glycogen synthase ki-

nase (GSK) and induces glycogen synthesis 

(Ho et al., 2016; Koeppen and Stanton 2017). 

Several types of insulin-dependent kinases, 

such as ERK1/2 (extracellular signal‐regu-

lated kinase 1/2), atypical PKC (protein ki-

nase C), S6K1 (ribosomal protein S6 kinase 

beta-1), SIK2 (serine/threonine-protein ki-

nase 2), AKT, mTOR (mammalian target of 

rapamycin) and ROCK1 (Rho-associated pro-

tein kinase 1) and other types of  kinases such 

as AMPK (AMP-activated protein kinase) 

and GSK3 (Glycogen synthase kinase) can 

phosphorylate IRSs and activate them 

(Kiselyov et al., 2009; Copps and White, 

2012). 

 

BRAIN INSULIN SIGNALING 

Brain tissue consumes about 20 % of all 

energy consumption in the body (Wardel-

mann et al., 2019). The control of body en-

ergy homeostasis is mainly regulated by the 

brain and its own insulin/IGF-1 signaling to 

produce required energy, mainly by mito-

chondria in the form of ATP (Schell et al., 

2021). In addition to its metabolic role, it is 

now established that insulin (as well as insu-

lin-like growth factor (IGF)) plays an im-

portant role as a neuromodulator (McNay and 

Recknagel 2011). Brain insulin signaling is 

involved in control of body weight, food in-

take, reproduction, learning and memory 

(Kim and Feldman 2015). Insulin promotes 

mitochondrial respiration and ATP produc-

tion and modulates its dynamics (fission and 

fusion) in the brain (Schell et al., 2021). Peri- 

 

Figure 1: Insulin signaling machinery in peripheral tissues (IR= insulin receptor, IRS= insulin receptor 
substrate, PI3K=phosphoinositide 3-kinase, PIP3=phosphatidylinositol 3,4,5-trisphosphate, Akt= protein 
kinase b)   
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pherally circulating insulin crosses the BBB 

via a saturable transport system, and enters 

the brain interstitial fluid (ISF) either directly 

through the BBB or via cerebrospinal fluid 

(CSF) (Mullins et al., 2017). Also, whether or 

not de novo synthesis of insulin occurs in the 

brain is still debated (Kim and Feldman, 

2015).  

It has been established that IRs are exten-

sively expressed in brain areas involved in 

memory and cognition such as the hippocam-

pus (Zhao et al., 1999, 2004), olfactory bulb, 

neocortex, cerebellum, hypothalamus 

(Choudhury et al., 2005; Grillo et al., 2011; 

Fernandez and Torres-Alemán, 2012) and 

amygdala (Abbott et al., 1999; Soto et al., 

2019). The pattern of IR expression is associ-

ated with behavioral activity and may be re-

lated to some cognitive disorders such as de-

pression (Grillo et al., 2011). The vast major-

ity of IRs are localized on neurons, especially 

at synapses as a component of post-synaptic 

density (PSD) (Abbott et al., 1999; Pomytkin 

and Pinelis, 2021). Moreover, glucose trans-

porters of Glut-4 are expressed in cerebellum, 

neocortex, astrocytes and the hippocampus, 

suggesting a role for insulin-dependent glu-

cose uptake in neurons (Spinelli et al., 2019). 

Furthermore, other molecules included in in-

tracellular insulin signaling machinery, such 

as Akt, PI3K, mTOR, GSK3-β, CREB (tran-

scription factors cAMP response element-

binding protein) and FOXO (forkhead box 

O), are extensively present in neuronal tis-

sues, evidence strongly suggestive of an im-

portant role in brain functioning (Fernandez 

and Torres-Alemán, 2012; Kitagishi et al., 

2012; Inkster et al., 2018; Rippin and Eldar-

Finkelman, 2021).  

 

POSSIBLE ROLES OF BRAIN INSULIN 

IN COGNITIVE FUNCTIONING 

Brain insulin is involved in many neu-

ronal processes including dendritic sprouting, 

cell growth and repair, and neuronal stem cell 

activation (Stanciu et al., 2021). Insulin exerts 

neuroprotective effects via control of phos-

phorylated tau levels and proinflammatory 

cytokines, which are both associated with β-

amyloid (Aβ) depositions in the brain 

(Femminella et al., 2021; Stanciu et al., 2021). 

Emerging evidence suggests that cognitive 

disorders such as AD are naturally occurring 

metabolic disorders resulting from an inabil-

ity to take up and utilize glucose (de la Monte, 

2012). Patients with diabetes commonly ex-

hibit impaired brain insulin signaling which, 

in turn, facilitates cognitive deficit develop-

ment (McNay and Recknagel, 2011; Kim and 

Feldman, 2015). Insulin resistance is also de-

tected in the early stages of Down syndrome 

(Tramutola et al., 2020). The expression level 

of genes involved in insulin signaling is re-

duced in patients with poor cognitive perfor-

mance (Mullins et al., 2017). Abnormal brain 

insulin signaling leads to alterations in many 

intracellular pathways, examples being de-

creased SREBP-2/SCAP (SREBP cleavage-

activating protein)-dependent cholesterol 

synthesis, mitochondrial dysfunction, abnor-

mal synaptic plasticity and increased levels of 

tau protein phosphorylation that, collectively, 

cause impaired neurological functioning and 

reduced cognitive abilities (Kleinridders et 

al., 2014).  

In physiological conditions, insulin bind-

ing to its receptor at the synapse triggers IRS-

1 phosphorylation following by PI3K-Akt 

pathway activation, GluA1 (Glutamate A1) 

phosphorylation and increased presence of 

GluN2B (Glutamate [NMDA] receptor subu-

nit 2) at synapses which, in turn, favors syn-

apse formation and memory function (Zilliox 

et al., 2016). In the setting of diabetes with 

impaired brain insulin signaling, IR levels are 

reduced and GluN2B and GluA1 phosphory-

lation at synapses is also decreased (Zilliox et 

al., 2016). Thus, synaptic plasticity and 

memory is impaired, while GSK-3b activity 

(which induces abnormal tau phosphoryla-

tion) is increased (Zilliox et al., 2016). More-

over, brain insulin resistance is related to neu-

rodegenerative processes, brain aging and 

poor cognitive abilities (Gorelick et al., 2011; 

Spinelli et al., 2019). Thus, dysregulated brain 

insulin or IGF signaling contributes to the 

cognitive decline induced by insulin re-

sistance (Talbot et al., 2012). In the following 
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sections, we discuss and analyze the evidence 

regarding the possible roles of brain insulin 

signaling in cognitive functioning from a 

mechanistic viewpoint.   

 

Brain insulin signaling and senile plaque 

formation 

Senile plaques and neurofibrillary tangles 

are extracellular deposits of different sub-

types of β-amyloid (Aβ) and tau proteins, and 

occur mainly in the grey matter of the brain 

cortex (Armstrong, 2009). They are extracel-

lular deposits of aberrantly processed, aggre-

gated and misfolded oligomeric structural 

proteins, including Aβ peptides and hyper-

phosphorylated tau proteins, resulting from 

the abnormal processing of precursors by the 

β-and γ-secretase enzymes together with an 

imbalance between generation and clearance 

of Aβ peptides (de la Monte, 2012; DeTure 

and Dickson, 2019). Senile plaques are char-

acterized by a central Aβ core surrounded by 

degenerated neurons in the extracellular space 

(Dickson, 1997). These lesions are considered 

to be the principal histological hallmarks of 

neurodegeneration and AD (although they 

may also be seen in aging) and, as such, their 

frequency is directly associated with AD de-

velopment and its dependent cognitive dys-

function (Dickson, 1997; Armstrong, 2009). 

Available evidence suggests a close rela-

tionship between insulin signaling and senile 

plaque formation in the brain (Mullins et al., 

2017; Arvanitakis et al., 2020; Ochiai et al., 

2021). Brain insulin resistance contributes to 

Aβ-dependent neurodegeneration and tau pa-

thology, the main underlying features of AD 

(de la Monte, 2012). Impaired brain insulin 

(or IGF) signaling leads to increased senile 

plaque formation through increased levels of 

Aβ and Aβ precursor protein (AβPP) expres-

sion and accumulation (Reich et al., 2018). At 

the molecular level, insulin resistance and 

amyloidogenesis both interrupt common sig-

naling pathways such as the IRs/PI3 ki-

nase/Akt/GSK3 cascade and, therefore, they 

share overlapping pathology (Zhao and 

Townsend, 2009; Kim and Feldman, 2015). 

Reich and colleagues demonstrated that im-

provement in brain insulin sensitivity using 

PPAR (peroxisome proliferator activated re-

ceptor)-δ and PPAR-γ agonists decreases 

AβPP-Aβ accumulation and senile plaque for-

mation in diabetic rats (Reich et al., 2018). 

Similarly, Chua et al. demonstrated that im-

paired brain insulin signaling reduces glucose 

utilization and induces Aβ accumulation in 

the brain of female diabetic mice (Chua et al., 

2012). Another study demonstrated that high-

fat diet (HFD)-induced insulin resistance ac-

celerates Aβ accumulation and deposition in 

the brain of a mouse model of AD (Waka-

bayashi et al., 2019). In a clinical study, Tra-

mutola and coworkers found that increased 

insulin resistance was associated with Aβ ac-

cumulation in brain biopsies of Down syn-

drome patients (Tramutola et al., 2020).   

Insulin inhibits Aβ intracellular accumu-

lation and degradation via insulin-degrading 

enzyme (Gasparini et al., 2001, 2002). In ad-

dition, brain insulin resistance promotes oxi-

dative stress and alters energy homeostasis 

which, in turn, induces pro-AβPP-Aβ-medi-

ated neurodegenerative cascades (de la 

Monte, 2012). Moreover, senile plaques are 

able to intensify brain insulin resistance via 

different pathways such as autophagy-lysoso-

mal- dependent insulin receptor degradation 

in BBB endothelial cells (Gali et al., 2019). 

These findings highly suggest a close rela-

tionship between brain insulin signaling and 

Aβ and tau pathology (de la Monte, 2012; 

Mullins et al., 2017). Thus, brain insulin sig-

naling contributes to cognitive efficiency 

through regulation of amyloid homeostasis 

and senile plaque formation (Wakabayashi et 

al., 2019). 

  

Brain insulin signaling and neuro-synaptic 

plasticity 

Synaptic plasticity, or modifications of 

synaptic transmission, has great impact on 

most neuronal processes including learning 

and memory (Citri and Malenka, 2008). Nor-

mal neuronal plasticity, especially at synaptic 

junctions, helps to create more effective trans-

mission and potentiates neuronal conduction, 
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processes that play a significant role in 

memory acquisition and consolidation and 

cognitive function (Citri and Malenka, 2008). 

Neuronal plasticity also has a major trophic 

role in uterine development of neural circuitry 

and enhances brain learning capacity and is 

therefore closely involved in both developing 

brain and adult brain functioning (Citri and 

Malenka, 2008; Ferrario and Reagan, 2018). 

Emerging evidence suggests that many cogni-

tive disorders are associated with reduced 

synaptic plasticity (Lu et al., 2014; Mayne 

and Burne, 2019) and factors disrupting plas-

ticity are able to reduce learning capacity and 

cause poor cognitive ability (Rogers et al., 

2011; Villeda et al., 2014). 

Insulin signaling has beneficial impacts 

on synaptic plasticity (Biessels et al., 1998; 

Van Der Heide et al., 2005; Spinelli et al., 

2019). It can exert both presynaptic and post-

synaptic effects (Chiu and Cline, 2010; Zhao 

et al., 2019). Brain insulin resistance can sup-

press these processes and contribute to poor 

cognitive function via impairments in synap-

tic plasticity and neuroplasticity deficits 

(Stranahan et al., 2008; Grillo et al., 2015). 

The vast majority of IRs are localized on syn-

aptic junctions as a component of PSD, im-

plying that the synapse is an important site of 

brain insulin signaling (Abbott et al., 1999; 

Pomytkin and Pinelis, 2021). Insulin elicits 

memory (including food memory) in the hy-

pothalamus (Choudhury et al., 2005; Grillo et 

al., 2011). It regulates hippocampal synaptic 

plasticity through several pathways such as 

NMDA (N‐methyl‐d‐aspartate) and PI3K de-

pendent pathways (van der Heide et al., 

2005). Spatial memory training increases hip-

pocampal insulin receptor expression, an area 

of brain where insulin receptors are present in 

higher concentrations than elsewhere (Zhao et 

al., 1999, 2004). Similarly, an experimental 

model demonstrated that hippocampal insulin 

resistance was related to reduced synaptic 

plasticity as well as cognitive deficits in rats 

(Grillo et al., 2015). Moreover, a genetic 

knockout of insulin receptors in the central 

nervous system (CNS) suppressed synaptic 

plasticity, reduced cognitive capacity and im-

paired hippocampal memory (Costello et al., 

2012).  

Insulin promotes hippocampal neuroplas-

ticity by facilitating glutamatergic signaling 

and modifies mesolimbic circuits that mediate 

motivation and feeding behaviors (Ferrario 

and Reagan, 2018). Insulin also regulates the 

VTA (ventral tegmental area)-NAc (nucleus 

accumbens) reward and motivation axis by 

modifying the synaptic plasticity in these cir-

cuits (Ferrario and Reagan, 2018). It has been 

shown that local insulin injection in different 

brain areas modulates feeding and motivation 

behaviors, as well as cognitive functions, by 

increase of synaptic plasticity (Liu et al., 

2013; Tiedemann et al., 2017; Zhao et al., 

2019). This effect was also observed in hu-

man studies in which intranasal insulin pro-

moted memory (Benedict et al., 2004). Insulin 

stimulated dendritic spine and excitatory syn-

apse formation and induced LTP (long-term 

potentiation) via PI3K/Akt signaling path-

ways in the hippocampal area and thus mod-

ulated cognitive functions (Lee et al., 2011; 

Zhao et al., 2019). This trophic effect is dose-

dependent and is associated with insulin sig-

naling activity (Zhao et al., 2019). Since hip-

pocampus development continues even in 

adulthood (Braun and Jessberger, 2014), 

brain insulin resistance in adults can suppress 

it and reduce cognitive function and memory 

efficiency (Arvanitakis et al., 2020). Insulin 

modulates LTP and LTD (long-term depres-

sion) at hippocampal synapses (Spinelli et al., 

2019). Insulin decreases the stimulation fre-

quency threshold required for inducing both 

LTP and LTD in hippocampal circuits 

(Spinelli et al., 2019).  

Although glucose uptake is the main role 

of insulin throughout the body including in 

the brain, expression of insulin-independent 

glucose transporters (Glut-1, Glut-2, Glut-3, 

Glut-5, Glut-6, Glut-8 and Glut-13 that medi-

ate glucose uptake into glial and neuronal 

cells) highly suggests that the impact of insu-

lin on synaptic plasticity is independent of 

glucose uptake and is likely dependent upon 
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insulin cascades such as the PI3K/Akt path-

way (Joost and Thorens, 2001; Membrez et 

al., 2006; Simpson et al., 2007; Spinelli et al., 

2019). Moreover, several growth factors, in-

cluding IGF-1 and BDNF (brain-derived neu-

rotrophic factor) that are involved in brain 

trophic pathways, are under the influence of 

the insulin cascade (Krabbe et al., 2007; Dyer 

et al., 2016). Taken together, it is apparent 

that insulin is a potent neurotrophic factor that 

is closely involved in neuro-synaptic plastic-

ity and thus can promote synaptic transmis-

sion in brain areas related to cognitive ability 

(Zhao et al., 2019).  

 

Brain insulin signaling and mitochondrial 

integrity  

Mitochondria are known as the power-

houses of cells that provide required energy 

for cell survival and function; therefore, nor-

mal mitochondrial function and integrity is 

critically important for cells (Tzagoloff, 

2012). Mitochondrial dysfunction underlies 

the pathophysiology of both metabolic and 

non-metabolic complications as well as cog-

nitive deficits (Pieczenik and Neustadt, 2007; 

Otte et al., 2011; de Filippis et al., 2015). Due 

to their high rate of metabolism, mitochondria 

are a major source of free radical production 

that can induce and promote redox imbalance 

and subsequent damage (Scaglia, 2010; Otte 

et al., 2011). Mitochondria-dependent oxida-

tive stress is a main underlying cause of neu-

ronal complications (Yaribeygi et al., 2018). 

The CNS is highly dependent on oxidative 

phosphorylation that occurs in mitochondria 

and, therefore, mitochondrial insufficiency is 

usually accompanied by local brain necrosis 

(Leigh syndrome), static encephalopathy, de-

mentia and cognitive deficits (Scaglia, 2010). 

Many patients with mitochondrial encephalo-

myopathies (genetic impairment in mitochon-

drial energy production) have reduced levels 

of cognitive ability such as learning, memory, 

nonverbal cognitive impairment, compro-

mised visuospatial abilities, perception and 

language (Scaglia, 2010). Mitochondrial dys-

function may be linked to neuropsychiatric 

abnormalities such as dementia, depression, 

schizophrenia and bipolar disease (Scaglia, 

2010; Tobe, 2013; Sripetchwandee et al., 

2018). Thus, normal mitochondrial function 

is required for CNS homeostasis and optimal 

cognitive ability.  

Recent evidence suggests that brain insu-

lin signaling is closely associated with mito-

chondrial sufficiency (Wardelmann et al., 

2019; Pomytkin and Pinelis, 2021). In addi-

tion, insulin resistance is associated with re-

duced mitochondrial respiration (Schell et al., 

2021). Wardelmann and colleagues found that 

brain insulin is an effective regulator of mito-

chondrial function (Wardelmann et al., 2019); 

they demonstrated that intranasal insulin 

propagates mitochondrial function via up-

regulation of genes involved in mitochondrial 

stress responses (Hsp60, Hsp10, Atf4, Chop, 

ClpP, and Lonp1) in both in vitro (hypotha-

lamic cell line CLU183) and in vivo (high fat 

diet (HFD) fed mice) models and concluded 

that hypothalamic insulin signaling ensures 

mitochondrial function (Wardelmann et al., 

2019). Tramutola and coworkers found that 

brain insulin resistance, as observed in pa-

tients with Down syndrome, is associated 

with mitochondrial dysfunction (Tramutola et 

al., 2020); they reported that abnormal brain 

insulin signaling in these patients is directly 

linked to reduced expression of proteins in-

volved in mitochondrial complexes II, III and 

IV (Tramutola et al., 2020).  
Insulin resistance is associated with mito-

chondrial deficits in a female AD mouse 

model (Yao et al., 2009). Improving brain in-

sulin signaling using rosiglitazone (a peroxi-

some proliferator-activated receptor γ ago-

nist) improves brain mitochondrial efficiency 

(Pipatpiboon et al., 2012). Pipatpiboon et al. 

demonstrated that rosiglitazone not only in-

creases brain insulin sensitivity, but also im-

proves mitochondrial function and cognitive 

performance in HFD rats (Pipatpiboon et al., 

2012). Recent findings indicate that people 

with PD have dysregulated forms of insulin-

dependent mitochondrial chaperone Hsp10 in 

their brain tissue (Szegő et al., 2019). Addi-

tionally, other roles have been suggested for 

insulin-dependent mitochondrial integrity in 
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the brain, such as control of ion homeostasis, 

neuroapoptosis, endoplasmic reticulum (ER) 

stress and autophagy (Schell et al., 2021). 

Therefore, it seems that there is important 

crosstalk between brain insulin signaling and 

mitochondrial integrity (Kleinridders et al., 

2018); this link ensures neuronal respiration 

and energy balance that are necessary for 

proper neuronal functioning and cognitive 

ability (Kleinridders et al., 2018; Schell et al., 

2021).  

 

CONCLUSION  

Insulin signaling has critical extra-meta-

bolic roles in the brain. It is involved in many 

neuronal and neurobehavioral processes and 

induces and promotes neurogenesis even in 

adulthood. Recent evidence suggests that in-

sulin signaling also has a prominent role in 

cognition and memory, and people with poor 

cognitive ability have impaired brain insulin 

signaling. Experimental and clinical studies 

using interventions modulating brain insulin 

signaling have the potential to effectively 

modify cognitive capacity by yet poorly de-

fined mechanisms. Our current analysis pro-

poses that proper brain insulin signaling is in-

volved in normal cognitive ability via at least 

three different mechanisms: (1) preventing or 

reducing senile plaque formation in brain ar-

eas related to cognition and memory, (2) in-

ducing and promoting neurosynaptic plastic-

ity and potentiating synaptic transmission, 

and (3) maintaining mitochondrial integrity in 

brain tissue (Figure 2). These mechanisms are 

crucial for proper cognitive functioning and 

prevention of neurodegenerative disorders 

and are influenced by brain insulin signaling 

(Table 1). 

 

 
Table 1: Brain insulin signaling modulates cognitive ability via 3 distinct mechanisms. 

Mechanism  Role of brain insulin signaling  Reference  

Senile plaque formation  Prevents or ameliorates senile plaque 
formation  

Mullins et al., 2017; 
Arvanitakis et al., 2020; 

Ochiai et al., 2021 

Neurosynaptic plasticity Induces and increases neurosynaptic 
plasticity to form newer and more-effi-

cient neuronal junctions  

Lee et al., 2011; Spinelli et 
al., 2019; Zhao et al., 2019; 

Arvanitakis et al., 2020 

Mitochondrial integrity  Ensures mitochondrial respiration and 
energy homeostasis in the brain  

Yao et al., 2009; Szegő et 
al., 2019; Wardelmann et 

al., 2019; Schell et al., 2021 

 
Figure 2: Brain insulin signaling is involved in cognitive function via at least three pathways: modulating 
senile plaque formation, synaptic transmission and mitochondrial efficiency in the brain. 
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