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A B S T R A C T

Insulin resistance is a condition where normal or elevated insulin levels fail to elicit the expected
biological response, with significant implications for neurodegenerative diseases such as Alzheimer’s
disease (AD) and Parkinson’s disease (PD). Despite extensive research, the precise cellular mechanisms
driving insulin resistance and its role in neurodegeneration remain elusive. Insights into insulin signaling
dysregulation, amyloid-beta accumulation, neuroinflammation, and impaired mitochondrial function shed
light on the complex interplay between insulin resistance and neurodegeneration. Various therapeutic
strategies targeting insulin resistance, including insulin interventions, GLP-1 analogs, intranasal insulin,
and lifestyle interventions, offer promising avenues for mitigating disease progression. This review
provides a comprehensive overview of insulin resistance and its association with neurodegenerative
disorders, highlighting key molecular and cellular insights, therapeutic approaches, and future directions.
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1. Introduction

Insulin resistance refers to a condition where normal
or elevated levels of insulin fail to elicit the expected
biological response. While much research has focused
on understanding insulin-stimulated glucose uptake, the
precise cellular mechanisms driving this phenomenon
remain elusive.1 Conversely, insulin resistance has been
recognized long before the onset of hyperglycemia and
the diagnosis of Type 2 diabetes. Currently, it appears that
insulin resistance is closely associated with a combination
of risk factors, predisposing individuals to a heightened risk
of developing neurodegenerative diseases at an accelerated
rate.2 Neurodegenerative disorders constitute a class of
illnesses characterized by the gradual deterioration of
the nervous system’s structure and function. Primarily
driven by the loss of neurons, these conditions can
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impair various aspects of human functionality, including
speech, movement, and cognition. Prominent examples
include Parkinson’s disease, Alzheimer’s disease, and
Huntington’s disease, which collectively afflict millions
worldwide. Environmental and genetic factors intersect to
contribute to the onset of these disorders, for which there
is currently no known cure. Treatment strategies focus
on managing symptoms, alleviating pain, and enhancing
mobility. Parkinson’s disease, for instance, targets the
brain’s dopamine-producing neurons, leading to symptoms
such as tremors, rigidity, bradykinesia, and postural
instability. While existing therapies can alleviate these
symptoms to some extent, they do not halt or slow
the disease’s progression. A recent study has revealed
a significant association between insulin resistance and
neurodegenerative disorders, including Parkinson’s disease
(PD) and Alzheimer’s disease (AD). Insulin resistance,
characterized by reduced responsiveness of cells to insulin,
is implicated through various mechanisms:3,4
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A. Brain insulin resistance: Research suggests that
individuals with AD exhibit higher rates of peripheral
insulin resistance compared to control subjects.5 Even in
the absence of type 2 diabetes, this condition is linked to
an increased risk of AD. Insulin resistance in the brain can
lead to impairments in immune response, metabolism, and
synaptic connections.4

B. Role of insulin signaling: Insulin signaling
plays a pivotal role in the onset and progression of
neurodegenerative diseases.6 Anomalies associated with
insulin signaling and metabolic dysfunction are thought to
contribute to the development of AD and PD.

C. Potential therapeutic targets: Targeting insulin
signaling and resistance has emerged as a promising
therapeutic approach for neurological diseases.7

Researchers are exploring the neuroprotective effects
of medications that enhance insulin sensitivity, such as
glucagon-like peptide-1 (GLP-1) receptor agonists, through
preclinical and clinical trials.

1.1. Brain insulin signalling and pathways involved in
insulin resistance and neurodegenerative diseases

Similar to the insulin receptors found in the periphery
and hypothalamus, brain insulin receptors also seem to
operate in the hippocampus by initiating the PI3K signaling
pathway. Typically, PI3K has been highlighted in literature
as the probable signaling pathway for insulin activities in
the brain. However, other processes likely play a significant
role. For example, in the hypothalamus of insulin-resistant
animals, insulin directly influences ATP-gated potassium
channels, with reduced capacity to activate these channels,
thus affecting neuronal activity modulation. Since altering
hippocampal KATP channels has been shown to impact
memory function, insulin likely has the ability to regulate
hippocampal activity through this pathway independently or
in combination.8

Insulin binds to a membrane-spanning receptor tyrosine
kinase (RTK), which is a glycoprotein embedded in the
cellular membrane. This receptor consists of an extracellular
domain with two α-subunits and an intracellular catalytic
domain with two β-subunits. The α-subunits serve as
insulin receptors, while insulin itself acts as a ligand,
forming a receptor-ligand complex upon binding. Insulin
binding to the α-subunit induces a conformational change
in the protein, activating the tyrosine kinase domains
on each β-subunit. This tyrosine kinase activity leads to
autophosphorylation of multiple tyrosine residues within
the β-subunit, with phosphorylation of three specific
residues necessary for amplifying the kinase activity.
Autophosphorylation then triggers the activation of docking
proteins, such as IRS, to which Phosphatidylinositol-3-
Kinase (PI-3K) or GRB2, where the ras Guanine nucleotide
exchange factor (GEF), also known as SOS, can attach.
PI-3K phosphorylates PIP2 to PIP3, serving as a docking

site for PDPK1 and Protein kinase B (AKT), which in
turn phosphorylates AKT and PK2, activating them. This
cascade of events plays crucial roles in metabolic functions,
including lipid, protein, and glycogen synthesis, as well as
cell survival and proliferation. Particularly significant is the
involvement of the PI-3K pathway in glucose distribution
for essential cellular functions, such as suppressing hepatic
glucose synthesis and activating glycogen synthesis. AKT
plays a pivotal role in linking the glucose transporter
(GLUT4) to the insulin signaling pathway. Activated
GLUT4 translocates to the cell membrane, facilitating
glucose transportation into the intracellular medium. The
insulin transduction pathway is a biochemical cascade
through which insulin enhances glucose uptake into fat
and muscle cells while reducing glucose synthesis in the
liver, thus contributing to maintaining glucose homeostasis.
This pathway is subject to modulation by various factors,
including fed versus fasting states, stress levels, and other
hormones.8

1.2. Impaired Insulin signalling Pathways in
Alzheimer’s and Parkinson’s Diseases

Preclinical investigations have uncovered altered insulin
signaling pathways and downstream effects in animal
models of Alzheimer’s disease (AD) and Parkinson’s
disease (PD), contributing to disease progression. Recent
discoveries have revealed desensitized insulin signaling
in the brains of AD and PD patients, marked by
inactivation of insulin and insulin-like growth factor 1
(IGF-1) receptors, as well as insulin receptor substrates
1 and 2 (IRS1/2), and key second messenger kinases
such as Akt and mTOR. These observations parallel
findings in peripheral diabetes, leading some researchers
to characterize AD as "type 3 diabetes". However, unlike
diabetes where elevated insulin and glucose levels drive
desensitization, insulin desensitization in AD and PD
patients, even in non-diabetics, is likely triggered by
chronic brain inflammation. Pro-inflammatory cytokines,
such as tumor necrosis factor (TNF), block growth factor
signaling, further exacerbating insulin resistance. Given
the essential role of insulin in neuronal development and
maintenance, desensitization increases the risk of neuronal
damage over time, contributing to neurodegeneration.
Evidence from cerebrospinal fluid (CSF) analyses in early
disease stages, showing decreased levels of insulin, IGF-
1, nerve growth factor, and glial-derived neurotrophic
factor alongside increased neuroinflammatory markers,
underscores the significance of brain insulin resistance
in AD pathogenesis. Pathophysiological mechanisms
underlying brain insulin/IGF resistance in AD include
progressive loss of insulin/IGF-responsive neurons due
to trophic factor withdrawal and impaired ligand-receptor
binding resulting from pathological changes in membrane
lipid composition, likely leading to reduced receptor
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expression. The concept of AD as a brain-specific or
brain-restricted form of diabetes mellitus, termed "Type 3
Diabetes," stems from the recognition of both insulin/IGF
insufficiency and resistance primarily within the central
nervous system (CNS).9 Mitochondrial dysfunction, which
extends to neurons, is intricately linked to both diabetes
and cellular insulin resistance (IR). Research indicates
that neural cells displaying insulin resistance experience
compromised mitochondrial biogenesis, depolarization of
mitochondrial membrane potential, and increased levels of
reactive oxygen species (ROS). Additionally, in diabetic
rats, elevated levels of SNCA (Alpha-synuclein protein)
have been observed in Purkinje cells.10

2. Molecular and Cellular Insights in
Neurodegeneration Caused by Insulin Resistance

Neurodegeneration linked to insulin resistance involves
intricate biochemical pathways with various components.
These mechanisms include:

1. Insulin signaling dysregulation: Insulin resistance,
characterized by reduced insulin sensitivity, can
lead to compromised brain glucose metabolism in
Alzheimer’s disease (AD), potentially contributing to
neurodegeneration.11 Additionally, insulin resistance
in the brain can heighten oxidative stress, a known
factor in the development and advancement of
neurodegenerative disorders.3

2. Amyloid-beta accumulation and Tau phosphorylation:
Insulin resistance in the brain is associated with
increased deposition of amyloid-beta and elevated tau
phosphorylation, both implicated in AD onset.12

3. Neuro-inflammation: Neurodegenerative diseases,
including AD, often exhibit neuroinflammatory
features. Insulin resistance may play a role in
initiating neuroinflammatory conditions, exacerbating
neurodegeneration.

4. Impaired mitochondrial function: Reduced
mitochondrial function resulting from brain insulin
resistance can contribute to neurodegeneration.

AD as "type 3 diabetes": Due to the brain’s insulin
resistance, AD has been coined "type 3 diabetes,"
potentially influencing the disease’s onset and
progression.13 Understanding the molecular mechanisms
underlying insulin resistance-induced neurodegeneration is
crucial for developing innovative therapeutic strategies to
decelerate the progression of neurodegenerative diseases
like AD.14

2.1. Therapeutic approaches in neurodegeneration due
to insulin remittance

Various therapeutic strategies targeting insulin resistance
aim to mitigate the progression of neurodegenerative

Figure 1: Insulin signalling in Alzheimer’s disease

diseases. These include:

1. Insulin interventions: Studies have shown that insulin
treatment in Alzheimer’s disease (AD) can improve
hypometabolism, spatial memory, inflammation,
and reduce amyloidogenic buildup and Tau hyper
phosphorylation, indicating a potential for addressing
brain insulin resistance in AD patients.11,13

2. GLP-1 analogs: Preclinical research suggests that
GLP-1 receptor agonists can overcome brain insulin
resistance in AD. Clinical trials have demonstrated
improvements in inflammation markers, neuronal
energy consumption, and pathological brain activity in
AD/MCI patients treated with GLP-1 analogs.7

3. Intranasal insulin: Intranasal insulin treatment has
demonstrated neuroprotective effects in AD by
directly delivering insulin to the brain, bypassing
the blood-brain barrier and potentially reducing
neurodegeneration.7

4. Combination therapies: Combining treatments for
neurodegenerative diseases with anti-tau or anti-
amyloid therapies may enhance efficacy.3

5. Prevention and lifestyle interventions: Lifestyle
changes such as a balanced diet, regular exercise, and
weight control can help prevent insulin resistance and
potentially slow the progression of neurodegenerative
diseases.4

Further research is needed to establish the effectiveness and
safety of these therapeutic approaches in broader patient
populations, despite promising results from preclinical and
some clinical trials. Investigating alternative therapeutic
targets and strategies is crucial for developing more potent
treatments for neurodegenerative diseases like Parkinson’s
and Alzheimer’s.15,16

2.2. Future direction

1. Precision medicine approaches: Tailoring treatment
strategies based on individual patient profiles,
including genetic, metabolic, and lifestyle factors,
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could optimize therapeutic outcomes and minimize
adverse effects.

2. Targeting novel pathways: Exploring alternative
therapeutic targets beyond traditional insulin
signaling pathways may uncover new avenues
for intervention. This could involve investigating
molecular mechanisms underlying insulin resistance-
induced neurodegeneration and identifying potential
druggable targets.

3. Combination therapies: Developing synergistic
treatment regimens that combine interventions
targeting insulin resistance with other disease-
modifying therapies, such as anti-amyloid or anti-tau
agents, may lead to more effective disease management
and slower disease progression.

4. Biomarker discovery: Identifying reliable
biomarkers for early detection and monitoring of
neurodegenerative diseases and insulin resistance
could facilitate timely intervention and personalized
treatment approaches.

5. Lifestyle interventions: Further research into the
effects of lifestyle factors, such as diet, exercise,
and stress management, on insulin resistance and
neurodegeneration could inform preventive strategies
and lifestyle interventions for at-risk individuals.

6. Translational research: Bridging the gap between
preclinical findings and clinical applications
through translational research efforts will be
crucial for translating promising therapeutic
approaches into effective treatments for patients
with neurodegenerative diseases.

3. Conclusion

In conclusion, insulin resistance plays a crucial role
in neurodegenerative diseases like Alzheimer’s and
Parkinson’s. Understanding its molecular mechanisms
opens avenues for therapeutic interventions. While
promising treatments exist, further research is needed to
ensure their effectiveness and safety. Future directions,
including precision medicine and lifestyle interventions,
offer hope for improved patient outcomes. Collaborative
efforts are key to advancing our understanding and
developing effective strategies against these debilitating
diseases.
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