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The condition of obesity, which is defined by an excessive amount of adipose tissue, is being
increasingly acknowledged as having significant consequences for the structure and func-
tioning of the brain. Numerous studies have demonstrated that obesity is linked to significant
modifications in the structure of the brain, encompassing variations in the volume of gray
matter, the integrity of white matter, and modifications in particular brain regions responsible
for regulating appetite and cognitive control. For example, research employing neuroimaging
methodologies such as magnetic resonance imaging has consistently indicated that individu-
als with obesity frequently display diminished gray matter volume in areas such as the pre-
frontal cortex, which is known to play a critical role in processes such as decision-making and
impulse control. Furthermore, there have been observations of white matter abnormalities that
impact the interconnection among brain regions responsible for hunger regulation and reward
processing. These abnormalities may potentially play a role in the development of overeating
tendencies and compromised self-control. The aforementioned alterations in structure are not
solely connected to obesity, but are also correlated with cognitive deficits, namely in domains
pertaining to memory, attention, and executive functioning. Gaining a comprehensive under-
standing of the complex correlation between obesity and brain structure is of utmost im-
portance, as it provides valuable insights into the neurological foundations of cognitive im-
pairments in individuals affected by obesity. Moreover, this knowledge serves as a basis for the
creation of specific interventions aimed at alleviating the cognitive repercussions associated
with this widespread public health issue.
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BESITY is a complex and multifaceted medical condi-

tion characterized by the excessive accumulation of

adipose tissue, primarily in the form of body fat, lead-
ing to an individual’s body weight being significantly above
what is considered healthy or within a normal range for their age,
sex, and height. It is commonly quantified using body mass
index (BMI), a widely accepted anthropometric measure that
relates an individual’s weight to their height. Typically, a BMI of
30 or higher is indicative of obesity (1). However, obesity ex-
tends beyond the realm of mere body composition and is recog-
nized as a chronic disease with systemic implications. Beyond
its evident physical manifestations, obesity is associated with a
range of comorbidities, including metabolic disturbances, car-
diovascular diseases, insulin resistance, and an increased risk of
various cancers (2). Furthermore, it is increasingly acknowl-
edged that obesity exerts a profound influence on mental health
and cognitive function (3), making it a matter of significant
concern in both the fields of medicine and psychology. Under-
standing the nuanced aspects of obesity is essential for compre-
hending its intricate relationship with cognitive function and its
broader impact on an individual’s health and well-being.

Cognitive function refers to the diverse set of mental pro-
cesses and abilities that collectively enable individuals to ac-
quire, process, store, and apply information from their environ-
ment. It encompasses a wide range of mental processes, includ-
ing perception, attention, memory, language, problem-solving,
decision-making, and executive functions. Cognitive abilities
are crucial for daily life activities, social interactions, learning,
and adapting to novel situations (4). Cognitive processes are
highly interconnected and interdependent, allowing individuals
to perform complex tasks, make informed choices, and navigate
the challenges of their surroundings.

One fundamental aspect of cognitive function is memory,
which involves the encoding, storage, and retrieval of infor-
mation (5). Memory can be further divided into various subtypes,
such as working memory, episodic memory, and semantic
memory. Working memory enables temporary storage and ma-
nipulation of information, critical for tasks like mental arithme-
tic or following complex instructions. Episodic memory relates
to the ability to recall specific events or experiences from the
past, while semantic memory involves general knowledge about
the world, including facts and concepts. Attention is another
pivotal cognitive function, determining what information re-
ceives priority and processing resources. Selective attention
allows individuals to focus on relevant stimuli while ignoring
distractions, while sustained attention is essential for maintain-
ing focus over extended periods. Cognitive deficits in attention
can impact an individual’s ability to concentrate, filter infor-
mation, and engage effectively in various tasks, from studying to
driving. Executive functions are a set of high-level cognitive
processes responsible for planning, organizing, initiating, and
regulating goal-directed behaviors. These functions encompass
tasks such as decision-making, problem-solving, inhibitory con-
trol, and cognitive flexibility. Effective executive functioning is
essential for managing complex tasks, adapting to changing
circumstances, and achieving long-term goals. In sum, cognitive
function represents a complex and multifaceted set of mental
processes and abilities that underpin human cognition and be-
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havior. Understanding these processes is essential when investi-
gating the impact of factors like obesity on cognitive function,
as it provides the foundational knowledge necessary to explore
the intricate relationship between the two domains.

The exploration of the relationship between obesity and
cognitive function is of paramount importance due to the rising
prevalence of obesity worldwide. Obesity is a global health
crisis, with its incidence steadily increasing in both developed
and developing nations (6). This epidemic is not limited to
adults but extends to children and adolescents, raising concerns
about the long-term health consequences for individuals and
society as a whole. Given the well-established link between
obesity and a range of physical health issues, such as cardiovas-
cular diseases, diabetes, and certain cancers, it is imperative to
investigate its impact on cognitive function. Understanding how
obesity affects cognitive processes is not only relevant from a
public health perspective but also sheds light on potential inter-
ventions to mitigate its detrimental consequences. Furthermore,
the brain is a highly metabolically active organ, and it is suscep-
tible to the systemic changes that occur in obesity. Research has
demonstrated that obesity is associated with alterations in brain
structure and function, including changes in brain volume, white
matter integrity, and neuroinflammation (7). These structural
and functional changes are thought to underline the cognitive
deficits observed in obese individuals. Therefore, studying the
relationship between obesity and cognition can provide valuable
insights into the mechanisms through which obesity affects the
brain, potentially leading to novel therapeutic strategies to ad-
dress both cognitive impairment and the underlying metabolic
disturbances. Additionally, as cognitive function is a critical
determinant of an individual’s quality of life, understanding how
obesity influences cognitive processes has broader implications.
Impaired cognition can impact an individual’s educational at-
tainment, employment opportunities, and social functioning (8).
It may also contribute to mental health issues such as depression
and anxiety. Therefore, investigating the interplay between obe-
sity and cognition is essential not only for mitigating the physi-
cal health consequences of obesity but also for addressing the
holistic well-being and socio-economic implications associated
with cognitive impairment in obese individuals.

Therefore, the study of the relationship between obesity
and cognition is motivated by the urgent need to address the
global obesity epidemic, unravel the mechanisms linking obesity
to cognitive deficits, and improve the overall health and
well-being of affected individuals. It has the potential to inform
preventive strategies, therapeutic interventions, and public
health policies aimed at reducing the burden of obesity-related
cognitive impairment and its associated societal challenges.

The Prevalence and Trends of Obesity

The prevalence and trends of obesity have garnered significant
attention in recent decades, reflecting the profound impact of
this global health issue (8). Obesity is characterized by an ex-
cessive accumulation of adipose tissue and is assessed primarily
through the BMI, which is calculated as an individual’s weight
in kilograms divided by the square of their height in meters. The
prevalence of obesity has risen dramatically worldwide, reach-
ing epidemic proportions (9). This increase in obesity rates is

1040



not confined to a specific age group, gender, or socio-economic
class, making it a public health challenge that affects popula-
tions across the lifespan. Furthermore, the prevalence of child-
hood and adolescent obesity has surged, raising concerns about
the early onset of obesity-related health complications. Under-
standing the prevalence and trends of obesity is pivotal for
health policymakers, researchers, and healthcare providers, as it
informs the allocation of resources and the development of tar-
geted interventions to address this burgeoning global health
crisis. Furthermore, examining the socio-economic and demo-
graphic factors contributing to obesity prevalence allows for a
more nuanced understanding of the disparities in its distribution,
facilitating the implementation of equitable strategies to combat
this multifaceted health issue (10).

Global Obesity Epidemic

Obesity has become a major public health concern in recent
decades. The complex interplay of genetic, environmental, be-
havioral, and socio-economic factors has contributed to the rapid
rise in obesity rates across the globe. Understanding the epide-
miology of obesity is vital for developing targeted interventions,
informing public health policies, and addressing the multifacet-
ed challenges posed by this global health issue.

Epidemiological studies have documented a disturbing
increase in obesity prevalence worldwide. According to data
from the World Health Organization (WHO), the global preva-
lence of obesity nearly tripled between 1975 and 2016, with an
estimated 13.4% of the global population being obese in 2016
(11). The prevalence of obesity varies substantially across re-
gions and countries, with higher rates often observed in
high-income nations. These variations are influenced by cultural
norms, dietary habits, physical activity levels, and so-
cio-economic conditions. Tracking trends in global obesity
prevalence is essential for assessing the scale of the problem and
guiding public health efforts to combat this epidemic.

Global obesity epidemiology highlights significant so-
cio-economic disparities in obesity rates. Obesity tends to be
more prevalent among individuals from lower socio-economic
backgrounds, particularly in high-income countries (12). This
paradoxical relationship between socio-economic status and
obesity can be attributed to various factors, including limited
access to healthy foods, lower levels of physical activity, and
higher exposure to obesogenic environments in disadvantaged
communities. Understanding these disparities is crucial for de-
signing targeted interventions that address the root causes of
obesity and reduce health inequalities on a global scale.

The epidemiology of global obesity underscores the mul-
tifactorial nature of this condition. Several risk factors and de-
terminants contribute to the development of obesity, including
genetic predisposition, dietary patterns, physical activity levels,
and environmental influences (13). The obesogenic environment,
characterized by the abundance of calorie-dense foods and sed-
entary lifestyles, plays a significant role in driving the obesity
epidemic. Genetic factors can interact with these environmental
influences, making some individuals more susceptible to obesity
than others (14). A comprehensive understanding of these de-
terminants is essential for developing effective public health
strategies to prevent and manage obesity on a global scale.
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The global obesity epidemiology has profound implica-
tions for public health. Obesity is associated with a wide range
of health complications, including diabetes, cardiovascular dis-
eases, certain cancers, and mental health disorders. These health
consequences not only reduce the quality of life for individuals
but also strain healthcare systems and increase healthcare costs.
Consequently, public health interventions are crucial to mitigate
the obesity epidemic (15). Strategies may include promoting
healthier diets, increasing physical activity opportunities, im-
plementing policy changes, and fostering a supportive built en-
vironment that encourages active living. By addressing the root
causes of obesity and adopting a multi-pronged approach, public
health initiatives can play a pivotal role in curbing the global
obesity epidemic and improving the health and well-being of
populations worldwide.

Obesity in Different Age Groups

Obesity is a pervasive public health issue that affects individuals
across various age groups, from early childhood to late adult-
hood. The prevalence of obesity has risen globally, leading to
significant health and socioeconomic implications.

Childhood and adolescent obesity represent a critical pub-
lic health concern due to their potential long-term consequences.
In recent decades, the prevalence of obesity among children and
adolescents has increased substantially (16). This age group
faces unique challenges, including exposure to obesogenic en-
vironments, limited autonomy in dietary choices, and suscepti-
bility to peer and societal influences. Obesity during childhood
and adolescence is associated with an elevated risk of adult obe-
sity, as well as immediate health consequences such as type 2
diabetes, cardiovascular diseases, and psychosocial problems
(17). Early intervention through family-based approaches, im-
proved school nutrition, and increased physical activity oppor-
tunities is crucial for mitigating the long-term health impact of
obesity in this age group.

Young adulthood is a transitional phase characterized by
numerous life changes, including higher education, employment,
and independent living. These changes can influence dietary
choices and physical activity patterns, making young adults
susceptible to weight gain and obesity (18). Obesity during this
stage of life is associated with increased risks of chronic diseas-
es, such as hypertension and metabolic syndrome, and can have
lasting effects on future health. Public health initiatives targeting
this age group should focus on promoting healthy behaviors,
fostering access to nutritious food options, and addressing the
unique challenges young adults face as they transition to adult-
hood.

Middle-aged adults often experience a gradual increase in
body weight due to various factors, including metabolic changes
and lifestyle habits. Obesity in middle-aged individuals is
strongly linked to an elevated risk of chronic diseases, such as
type 2 diabetes and cardiovascular diseases (19). The challenges
of managing obesity at this stage may include juggling work and
family responsibilities, which can limit time for physical activity
and healthy meal preparation. Effective interventions should
emphasize lifestyle modifications, regular health check-ups, and
tailored support to manage obesity-related health conditions in
this age group.
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Obesity in older adults presents unique considerations, as
it can intersect with age-related health concerns. While obesity
can be associated with an increased risk of certain health condi-
tions, such as osteoarthritis and functional limitations, it may
also provide some protection against frailty and osteoporosis
(20). Weight management in older adults should prioritize pre-
serving muscle mass, promoting mobility, and addressing spe-
cific nutritional needs associated with aging (21). Healthcare
providers and public health programs should offer personalized
approaches to obesity management in older age, recognizing the
potential benefits and risks associated with weight status in this
population.

Obesity is a multifaceted issue that affects individuals of
all age groups, each facing distinct challenges and health out-
comes. Tailored interventions that consider the developmental
stage and unique circumstances of different age groups are es-
sential for effectively addressing the obesity epidemic and im-
proving the overall health and well-being of populations across
the lifespan.

Socioeconomic and Demographic Factors
Contributing to Obesity

Obesity is a complex and multifaceted health issue influenced
by a range of factors, including socioeconomic and demographic
variables. Understanding how these factors contribute to obesity
is critical for addressing this global public health concern effec-
tively. Socioeconomic and demographic disparities in obesity
prevalence persist worldwide, highlighting the need to explore
the intricate relationships between income, education, race, eth-
nicity, and obesity.

Socioeconomic status, commonly measured by factors
such as income, education, and occupation, plays a significant
role in shaping obesity prevalence. Extensive research has con-
sistently shown an inverse relationship between SES and obesity,
with lower SES individuals at a higher risk of developing obesi-
ty (22). Limited access to healthier foods, reduced opportunities
for physical activity, and increased exposure to obesogenic en-
vironments in low-income neighborhoods contribute to this
association. Furthermore, the stressors associated with lower
SES may lead to unhealthy coping mechanisms, including over-
eating. Addressing socioeconomic disparities in obesity requires
efforts to reduce income inequality, improve access to nutritious
foods, and enhance opportunities for physical activity in disad-
vantaged communities.

Educational attainment is closely linked to obesity, as in-
dividuals with higher levels of education tend to have lower
obesity rates. Education influences health literacy, dietary
knowledge, and the ability to make informed choices regarding
nutrition and physical activity. Higher educational attainment
often correlates with access to better job opportunities and high-
er income, which can support a healthier lifestyle (23). Con-
versely, limited educational opportunities can restrict access to
information and resources necessary for obesity prevention and
management. Public health initiatives should emphasize educa-
tional interventions that empower individuals with the
knowledge and skills to make healthier choices, regardless of
their educational background.

Race and ethnicity are important demographic factors
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contributing to obesity disparities. In many countries, minority
populations, particularly Black and Hispanic communities, have
higher obesity rates compared to white populations (24). These
disparities are influenced by a combination of social, cultural,
and environmental factors. Minority populations often face
greater barriers to accessing fresh, affordable foods and safe
places for physical activity (25). Additionally, the stressors asso-
ciated with racial discrimination can contribute to weight gain.
To address racial and ethnic disparities in obesity, culturally
tailored interventions and policies that address structural inequi-
ties are essential. Promoting community-based programs and
improving healthcare access can help mitigate these disparities.
Socioeconomic and demographic factors are integral
components of the complex obesity puzzle. The relationships
between income, education, race, ethnicity, and obesity are mul-
tifaceted and interconnected (26). As such, comprehensive
strategies to combat obesity must take into account these factors
to ensure equitable outcomes. Addressing disparities in obesity
requires a multifaceted approach that combines policy changes,
educational initiatives, and community-based interventions. By
acknowledging and actively addressing the socioeconomic and
demographic factors contributing to obesity, public health efforts
can become more effective in reducing obesity rates and im-
proving the overall health and well-being of diverse populations.

Obesity and Brain Structure

The relationship between obesity and brain structure is a subject
of increasing interest within the field of neuroscience and public
health. Recent research has demonstrated a connection between
excess body fat and alterations in brain morphology, particularly
in regions related to cognitive control, reward processing, and
appetite regulation (7). Structural neuroimaging studies have
revealed that obesity is associated with reductions in gray matter
volume in areas such as the prefrontal cortex and the hippo-
campus, potentially contributing to deficits in executive func-
tions and memory (27, 28). These findings suggest that obesity
is not solely a result of poor dietary and lifestyle choices but
may also involve complex neurobiological mechanisms. Under-
standing the impact of obesity on brain structure is essential for
elucidating the neural underpinnings of obesity-related behav-
iors and developing targeted interventions to address this global
health concern.

Impact of Obesity on Brain Volume
The impact of obesity on brain volume is a topic of growing
significance in both neuroscientific and public health research.
Beyond its well-established association with various physical
health problems, recent investigations have highlighted its det-
rimental effects on brain structure. Understanding how obesity
influences brain volume is crucial for comprehending the cogni-
tive and neurological consequences associated with this condi-
tion. This essay explores the multifaceted relationship between
obesity and changes in brain volume, shedding light on the un-
derlying mechanisms and implications for public health.
Research utilizing neuroimaging techniques, such as func-
tional MRI, has identified specific brain regions susceptible to
volume alterations in the context of obesity (29). Notably, the
prefrontal cortex, responsible for executive functions like deci-
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sion-making and impulse control, is one of the areas affected.
Additionally, the hippocampus, vital for memory and learning,
can experience structural changes associated with obesity. These
findings suggest that obesity may impact cognitive processes
and behavior by modifying the morphology of brain regions
crucial for higher-order functions.

Several mechanisms have been proposed to explain the
link between obesity and alterations in brain volume. Chronic
inflammation may contribute to neuronal damage and structural
changes in the brain (30). Additionally, insulin resistance and
metabolic dysfunction associated with obesity may negatively
affect neuroplasticity and neuronal health (31). Furthermore,
obesity-related vascular changes, including hypertension and
atherosclerosis, can impair blood flow to the brain, potentially
leading to tissue damage and volume reductions (32, 33). Un-
derstanding these underlying mechanisms is essential for deline-
ating the intricate relationship between obesity and brain struc-
ture.

The impact of obesity-related brain volume changes ex-
tends beyond structural alterations to cognitive and behavioral
consequences. Research suggests that individuals with reduced
brain volume in areas like the prefrontal cortex may exhibit
deficits in impulse control, emotional regulation, and deci-
sion-making (34). Moreover, alterations in the hippocampus can
contribute to memory and learning difficulties. These cognitive
impairments can further exacerbate the challenges individuals
with obesity face in managing their condition and adopting
healthier lifestyles.

Recognizing the implications of obesity-related brain
volume changes is vital for public health initiatives. It under-
scores the importance of obesity prevention and management
from a neurological perspective, emphasizing the need for early
intervention to mitigate brain structure alterations. Public health
campaigns should promote not only physical health but also
brain health, fostering awareness of the cognitive and neurolog-
ical risks associated with obesity. Additionally, tailored interven-
tions that address the underlying mechanisms of brain volume
changes may offer new avenues for obesity treatment and pre-
vention, ultimately improving the well-being of individuals
affected by this condition.

Changes in White Matter Integrity

White matter, composed of myelinated nerve fibers that facili-
tate communication between different regions of the brain, plays
a crucial role in cognitive functioning and information pro-
cessing. Recent neuroimaging studies have provided compelling
evidence suggesting that obesity is associated with alterations in
white matter structure, which may have significant implications
for cognitive and neurological health (35). Understanding the
impact of obesity on white matter integrity is essential for gain-
ing insights into the neurobiological consequences of this global
health concern.

Research employing advanced neuroimaging techniques,
such as diffusion tensor imaging (DTI), has revealed structural
changes in white matter associated with obesity (36). These
changes often manifest as reductions in white matter integrity,
characterized by decreased fractional anisotropy (FA) and in-
creased mean diffusivity (MD), reflecting compromised struc-
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tural organization and increased diffusion of water molecules
within white matter tracts (37). Such alterations can disrupt the
efficient transmission of neural signals and affect various cogni-
tive functions.

Several mechanisms have been proposed to explain the
impact of obesity on white matter integrity (38). Chronic in-
flammation may contribute to oxidative stress and damage to
myelin  sheaths, leading to white matter alterations.
Dysregulation of insulin signaling, often observed in obesity,
can also have deleterious effects on white matter structure by
impairing glucose metabolism, which is crucial for the mainte-
nance of myelin. Furthermore, obesity-related vascular risk fac-
tors, such as hypertension and atherosclerosis, can lead to vas-
cular damage, reducing blood flow to white matter regions and
contributing to structural changes.

The consequences of obesity-related changes in white
matter integrity extend to cognitive and functional impairments.
Reduced white matter integrity has been associated with cogni-
tive deficits in various domains, including memory, attention,
and executive functions (39). These cognitive impairments can
manifest as difficulties in decision-making, problem-solving,
and emotional regulation, potentially affecting an individual’s
quality of life and daily functioning. Moreover, altered white
matter integrity may also contribute to a higher risk of neuro-
logical conditions, such as dementia, in individuals with obesity.

It underscores the need for comprehensive healthcare ap-
proaches that consider both physical and neurological conse-
quences of obesity. Public health campaigns should promote
awareness of the cognitive risks associated with obesity and
emphasize the importance of obesity prevention and manage-
ment. Moreover, clinicians should consider assessing cognitive
function and white matter integrity in individuals with obesity,
as early intervention and lifestyle modifications may help miti-
gate the negative effects on brain structure and function. Overall,
recognizing the relationship between obesity and white matter
alterations offers new insights into the neurological aspects of
obesity and highlights the importance of addressing this multi-
faceted issue comprehensively.

Neuroinflammation and Obesity

Obesity has been associated with a state of heightened immune
activation within the central nervous system. This
neuroinflammation, driven by various factors including the se-
cretion of proinflammatory cytokines, microglial activation, and
astrocytic response, has raised important questions about its role
in the pathogenesis of obesity-related complications, including
insulin resistance and cognitive dysfunction.

The mechanisms underlying neuroinflammation in obesity
are multifaceted and involve a complex network of signaling
pathways. One key contributor is the systemic release of
proinflammatory cytokines, such as interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a), from adipose tissue (40).
These cytokines can cross the blood-brain barrier and activate
resident immune cells, including microglia and astrocytes,
within the brain. This activation results in the production of
additional proinflammatory mediators, including IL-1B and cy-
clooxygenase-2 (COX-2), which further fuel the inflammatory
response. Additionally, the disruption of gut microbiota compo-
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sition, a common feature of obesity, may contribute to
neuroinflammation through the release of bacterial-derived tox-
ins into circulation, which can impact the central nervous sys-
tem.

Neuroinflammation in the context of obesity has
far-reaching consequences for both metabolic and cognitive
health. In terms of metabolic health, neuroinflammation is
thought to contribute to the development of insulin resistance.
Proinflammatory cytokines released within the brain can inter-
fere with insulin signaling pathways, impair glucose uptake, and
promote insulin resistance in peripheral tissues. Furthermore,
neuroinflammation has been linked to disrupted appetite regula-
tion, potentially contributing to overeating and further weight
gain. In the realm of cognitive health, mounting evidence sug-
gests that chronic neuroinflammation may underlie cognitive
deficits observed in individuals with obesity, including impaired
memory, attention, and executive functions.

Understanding the link between neuroinflammation and
obesity opens avenues for potential therapeutic interventions.
Targeting neuroinflammatory pathways may represent a novel
approach to managing obesity-related complications. An-
ti-inflammatory agents, such as nonsteroidal anti-inflammatory
drugs (NSAIDs) or specific cytokine inhibitors, have been in-
vestigated for their potential to mitigate neuroinflammation in
preclinical studies (41). Lifestyle modifications, including
weight loss and increased physical activity, have also shown
promise in reducing systemic inflammation and may have bene-
ficial effects on neuroinflammation. Moreover, strategies that
modulate gut microbiota composition, such as probiotics and
dietary interventions, may indirectly influence
neuroinflammation by restoring a balanced microbial ecosystem.

The intricate relationship between neuroinflammation and
obesity underscores the complexity of this multifaceted health
issue. Neuroinflammation contributes to the metabolic and cog-
nitive impairments associated with obesity and represents a
potential therapeutic target for addressing these complications.
Further research is needed to elucidate the specific mechanisms
driving neuroinflammation in obesity and to develop effective
interventions that can mitigate its effects. Recognizing the role
of neuroinflammation in obesity-related health concerns high-
lights the importance of comprehensive approaches that address
both the peripheral and central aspects of this global public
health challenge.

Role of Insulin Resistance in Brain Alterations
While insulin is primarily recognized for its role in glucose ho-
meostasis, it also plays a crucial role in brain function, including
synaptic plasticity, neurotransmitter regulation, and cognitive
processes. Emerging research has highlighted the adverse effects
of insulin resistance on the brain, linking it to structural and
functional alterations in neural circuits, as well as cognitive
deficits (42). This essay explores the intricate relationship be-
tween insulin resistance and brain alterations, elucidating the
mechanisms involved, potential consequences, and therapeutic
implications.

Insulin resistance in the brain shares commonalities with
peripheral insulin resistance, characterized by impaired cellular
responses to insulin signaling. In the brain, this resistance may
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arise from the downregulation of insulin receptors or
post-receptor signaling disruptions (43). Chronic
hyperinsulinemia can lead to oxidative stress, inflammation, and
dysfunction in brain regions critical for cognitive function. Ad-
ditionally, alterations in insulin transport across the blood-brain
barrier may further contribute to brain insulin resistance, affect-
ing insulin’s availability to neuronal cells.

Insulin resistance in the brain has been associated with
structural and functional alterations in key regions, particularly
the hippocampus and prefrontal cortex (44). Structural changes
may include reduced gray matter volume, alterations in dendritic
spine density, and disrupted synaptic plasticity. These alterations
can negatively impact memory, learning, and executive func-
tions. Functionally, insulin resistance may impair neurotrans-
mitter regulation, synaptic transmission, and glucose metabo-
lism in the brain, further contributing to cognitive deficits.

Cognitive consequences of brain alterations due to insulin
resistance are wide-ranging and can manifest as difficulties in
memory consolidation, attention, and executive function. Indi-
viduals with insulin resistance are at an increased risk of devel-
oping mild cognitive impairment and have a higher likelihood of
progressing to more severe conditions, such as Alzheimer’s
disease (45). The effects of insulin resistance on cognitive func-
tion highlight the importance of understanding the link between
metabolic health and brain health.

Recognizing the impact of insulin resistance on brain al-
terations offers potential therapeutic avenues for mitigating cog-
nitive decline (46). Lifestyle modifications, including regular
physical activity and a balanced diet, can improve insulin sensi-
tivity and reduce systemic inflammation, potentially benefiting
both metabolic and brain health. Medications targeting insulin
resistance, such as insulin-sensitizing agents, may also hold
promise in preserving cognitive function. Additionally, interven-
tions that focus on optimizing vascular health and reducing oxi-
dative stress could help counteract the adverse effects of insulin
resistance on the brain.

The relationship between insulin resistance and brain al-
terations underscores the intricate interplay between metabolic
and cognitive health. Insulin resistance in the brain can lead to
structural and functional changes that contribute to cognitive
deficits and increase the risk of neurodegenerative conditions.
Understanding the mechanisms involved and exploring thera-
peutic strategies aimed at improving insulin sensitivity in the
brain holds great potential for enhancing cognitive well-being
and addressing the growing concern of cognitive decline in the
context of metabolic dysfunction.

Conclusion

Obesity is a complex and persistent health disease characterized
by the excessive buildup of adipose tissue in the body. In addi-
tion to its widely recognized correlation with numerous physical
health complications, recent studies have thrown light on a
strong relationship between obesity and changes in the structure
of the brain. The utilization of neuroimaging methods, such as
magnetic resonance imaging (MRI), has provided insights into
notable alterations in the brain structures of persons affected by
obesity. One of the most robust observations in the literature is
the decrease in gray matter volume, namely in brain regions
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associated with cognitive control and decision-making, such as
the prefrontal cortex. The aforementioned decrease has signifi-
cant importance as it perhaps serves as the underlying cause for
the cognitive impairments identified in individuals who are fat,
such as deficiencies in executive function, attention, and
memory.

Furthermore, there is a documented correlation between
obesity and changes in the structural integrity of white matter,
which in turn impacts the interconnectivity across various re-
gions of the brain. Disruptions in the integrity of white matter
tracts have been detected in regions that are important in the
regulation of appetite, processing of reward, and control of im-
pulsive behavior. The aforementioned alterations in structure
could potentially exacerbate the difficulties that individuals with
obesity encounter in managing their eating habits and selecting
nutritious nutritional options.

The intricate mechanisms that underlie the correlation
between obesity and brain anatomy are intricate and multifacet-
ed. There is a prevailing belief that the presence of chronic in-
flammation, insulin resistance, and hormone dysregulation,
which are frequently observed in cases of obesity, might have a
role in causing changes to the structure of the brain. Furthermore,
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