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Abstract: The overweight status or obesity can be confirmed through classical methods such as
the body mass index (BMI) and the waist-to-hip ratio (WHR). Apart from metabolic issues such as
atherosclerosis, liver steatosis, or diabetes mellitus, long-term obesity or overweight status can pose
a risk for cardiovascular and neurovascular complications. While some acute adverse events like
coronary syndromes of strokes are well-documented to be linked to an increased body mass, there
are also chronic processes that, due to their silent onset and evolution, are underdiagnosed and not
as thoroughly studied. Through this review, we aimed to collect all relevant data with regard to the
long-term impact of obesity on cognitive function in all ages and its correlation with an earlier onset
of dementia such as Alzheimer’s disease (AD). The exact mechanisms through which a decline in
cognitive functions occurs in overweight or obese persons are still being discussed. A combination of
factors has been acknowledged as potential triggers, such as a sedentary lifestyle and stress, as well
as a genetic predisposition, for example, the apolipoprotein E (ApoE) alleles in AD. Most research
highlights the impact of vascular dysfunction and systemic inflammation on the nervous system in
patients with obesity and the subsequent neurological changes. Obesity during the early to mid-ages
leads to an earlier onset of cognitive dysfunction in various forms. Also, lifestyle intervention can
reverse cognitive dysfunction, especially dieting, to encourage weight loss.

Keywords: obesity; overweight status; cognitive dysfunction; dementia; Alzheimer’s disease;
older population; body mass index; waist-to-hip ratio; inflammation; lifestyle intervention; dietary
measures

1. Introduction

One of the most significant public health problems is obesity. Cognitive decline is
linked to excess adipose tissue, especially when it is distributed centrally. Indeed, obesity
has been linked to several negative changes in the brain’s structure and function that can be
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identified using neuroimaging methods. These alterations caused by obesity might cause
cognitive dysfunction [1].

Classically, obesity has been described as an increased body mass index (BMI) starting
from the value of 30 kg/m?. While it is a parameter still in use today and is easy to apply in
any clinical setting, it does not offer enough information to quantify the metabolical risk of
patients (e.g., persons with a high muscle tissue percentage who have an increased weight
but a reduced percentage of adipose tissue). Therefore, it is recommended to be used
in conjunction with another anthropometric measurement, the waist-to-hip ratio (WHR).
Nowadays, the definition of obesity involves both the BMI value above 30 kg/m? and the
WHR. WHR is also a major criterion for the metabolic syndrome based on the harmonizing
definition [2,3].

The average age of the population in Europe is increasing, resulting in a higher
prevalence of comorbidities that require additional care. Aging is frequently associated
with a decline in cognitive functions and is a high-risk factor for impairing conditions
like Alzheimer’s disease [4-8]. The onset and severity of dementia are influenced by
genetic factors, particularly in relation to the age at which it develops and the extent of
cognitive decline. ApoE is also strongly involved in Alzheimer’s disease (AD) with its
alleles (€2, €3, and e4). Depending on the type of expressed alleles, the onset of the disease
may vary. ApoE 2 is often associated with the onset of dementia occurring later in life,
while ApoE &4 is typically associated with an earlier onset of the disease and a more severe
form of dementia progressing over time [9]. If the genetic predisposition is present, there
are several other factors that may contribute to an additive process in a patient with the
ApoOE &4 allele. Impaired baseline creatinine clearance and chronic significant alcohol intake
are detrimental to early cognitive and functional alterations. On the other hand, constant
school attendance and education had a protective effect on those individuals with the ApoE
4 allele. Similarly, a history of head trauma with loss of consciousness was dangerous
for early cognitive deficit onset in these individuals, whereas lifelong correctly conducted
hygiene measures were protective for later cognitive outcomes [10].

While several pathogenic mechanisms have been elucidated, definitive curative ther-
apy is still eluding, and the only feasible measures are those targeting risk factors such as
obesity [11-14]. In Europe and North America, the rates are increasing, and the population
is suffering from its complications, i.e., impaired glucose tolerance and the subsequent type
2 diabetes mellitus, as well as systemic inflammation. Metabolic syndrome has been shown
to be linked with both short- and long-term cognitive decline [15-19].

The involvement of the obese or overweight status and the onset of any form of
cognitive impairment has been highlighted by several studies already, and newer research
is also acknowledging this aspect. Gong et al. conducted a study involving 5809 individuals
aged 60 and above, focusing on changes in BMI. Their findings suggest that transitioning
from non-obese to obese and attaining peak weight between 18 and 40 years old is linked to
cognitive alterations in later stages of life [20]. Similarly, Chuang et al. evaluated a cohort
of 618 persons aged over 60 years with an emphasis on a personal history of high blood
pressure values and an increased waist circumference at any point in their life and were also
given the Mini-Mental State Examination (MMSE) for their cognitive function assessment
and the hand grip strength and 4 m walking speed for physical capacity evaluation at the
present moment. They concluded that higher values for waist circumference or for blood
pressure in midlife were associated with a decline in both physical ability and cognitive
function in later life. Yet, those who underwent measures to correct the increased body
mass and to control their blood pressure values showed a reduction in mental and physical
decline [21].

One interesting retrospective study was conducted by Twig et al. on 2,277,188 indi-
viduals from Israel who were aged between 16 and 19 years and were in the premilitary
recruitment phase. They all underwent general intelligence tests, and with the aid of Cox
models, the correlations between cognitive function and different causes of mortality were
tested. Their cognitive functions during their younger years were correlated with the risk
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for diabetes, cardiovascular-related mortality, and all-cause mortality in their later stages of
life [22].

The importance of this subject is also sustained by the fact that metabolic complica-
tions, such as higher obesity rates, metabolic syndrome, diabetes, nonalcoholic fatty liver
disease, and neurobehavioral disorders, such as attention deficits and hyperactivity, have
been observed in children of mothers diagnosed with type 1 diabetes mellitus. Interest-
ingly, neurobehavioral disorders were more frequent in male offspring, while metabolic
complications were more evident in female offspring [23].

Interestingly, Cukierman-Yaffe et al. have shown an independent association between
an elevated risk for impaired fasting glucose regardless of gender and lower cognition in
late adolescence in a retrospective cohort study [24].

While studying the mechanism and the long-term consequences, several studies are
directed toward preventive or curative measures. Hence, a significant emphasis is placed
on examining how dietary intervention or bariatric surgery can contribute to mitigating
the decline in cognitive function or potentially reversing it [25].

However, Boidin et al. conducted a study on 54 obese and 16 non-obese individuals in
2020. The obese group was divided into high-fitness and low-fitness individuals based on
their median aerobic fitness, which was divided by lean body mass. They were subjected
to several cognitive tests assessing short-term and working memory, processing speed,
executive function, and long-term verbal memory. The conclusion was that high-fitness
obese individuals showed better short-term memory and executive function performances
in comparison to low-fitness obese persons. This could emphasize the fact that a higher
fitness level may be protective of cognition, regardless of an obese status diagnosis [26].

Therefore, this narrative review aims to gather relevant data published regarding the
correlations between cognitive impairment in individuals and the association of the obese
or overweight status and offer insight into the pathophysiological mechanisms involved
and potential indications for the inhibition or reversal of such processes.

2. Pathophysiological Mechanism of Cognitive Impairment in Obese Persons

Cognition is a global concept encompassing various processes virtually scattered over
the whole brain. Obesity itself can be viewed as a consequence of impaired energetic
feedback loops or as a higher disorder of impaired reward—behavior control mecha-
nisms. However, the adipose tissue—brain relation is much more than a simple direct
bilateral communication involving virtually all metabolically active organs and a plethora
of messengers. Although most of the research has focused on the hypothalamus and the
hippocampus, wider abnormalities in the central nervous system were found to correlate
with obesity. White matter diffuse damage and focal white matter abnormalities [27], con-
nectivity loss [28], and cortical and subcortical gray matter atrophy [29-31] were found in
human imagistic studies in obese subjects, and the pattern of grey matter atrophy is similar
to the one found in neurodegenerative diseases [32]. As multiple factors influence results,
sometimes correlations can appear conflicting—e.g., obesity correlates with abnormal brain
perfusion in subjects with normal cognition and mild cognitive impairment but not in
subjects with Alzheimer’s disease. In the same study, white matter integrity in the corpus
callosum, superior longitudinal fasciculus, inferior fronto-occipital fasciculus, fornix, and
cingulum negatively correlated with BMI in the cognitively healthy sample but not in
subjects with mild cognitive impairment (MCI) or Alzheimer’s, while gray matter’s volume
negative associations with obesity were more extensive in the cognitively healthy group
than in the MCI group [33].

The direct mechanism and causality of obesity in relation to neuronal structural, func-
tional, and cognitive parameters is still unclear, and whether association implies causality
remains to be established. Abnormal impulse control and obesity share anomalies in
motivation and reward-related brain centers. The generally accepted mechanisms for
obesity-related CNS dysfunction are inflammation [34], vascular abnormalities (with en-
dothelial dysfunction as an essential actor) [35,36], and, in a less definite manner, neuronal
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energy homeostasis (due to mitochondrial dysfunctions [37]) or direct influence of adipose
tissue signals in the brain. Nutritional factors that are less specifically tied to these processes
could also play significant parts—minerals such as zinc in particular, with zinc supple-
mentation improving cognitive performances in obese women independently from weight
loss [38]. Aside from “traditional” cellular and soluble factors, adipose tissue can secrete
extracellular vesicles that can serve as mediators to communicate with other peripheral
tissues, such as the liver and skeletal muscles. In a recently published study, the authors
show that specific miRNAs are significantly upregulated in participants with obesity and
diabetes and can be transferred via extracellular vesicles from the adipose tissue to the
hippocampus. Among upregulated miRNAs, miR-9-3p showed a coherent upregulation
trend in the hippocampus of mice fed with a high-fat diet and in the extracellular vesicles
of humans with diabetes, inducing synaptic damage and cognitive impairment in both [39].

In obese persons, adipose tissue initiates a local immune response by activating
multiple immune cells. An increased volume of adipocytes may be the first step in attracting
macrophages and triggering their activation (shift to M1 state), beginning local immune
accumulation [40]. The activated immune cells then may interact with CNS immune system
cells or glial cells through various transmitters or may circulate and pass through the blood-
brain barrier (BBB), maintaining a global inflammatory state. Systemic inflammation
echoes in the brain, at least partly due to BBB dysfunction [37,41] and abnormal activation
of CNS residents and peripheral immune system components. CNS inflammation is
associated with functional and structural abnormalities of the brain. A high-fat diet induces
memory impairments in mice as soon as three days after the initiation and depression-
like behavior after five days, possibly explained by very prompt BBB dysfunction from
the first day. However, in the same study, BBB permeability returned to normal at two
weeks and increased again after four weeks—supporting the conclusion that various
mechanisms contribute to cognitive abnormalities and that CNS aggression is most likely
multifaceted [37].

Decreased neuronal and increased non-neuronal cell numbers and densities in the
hippocampus and increased non-neuronal cells in the frontal cortex and hypothalamus of
obese mice suggest a tight connection between inflammation and neurodegeneration [42].
Dystrophic hypothalamic microglia (and, to a lesser extent, astroglia) were found in obese
brains when compared to normal-weight individuals [43].

Adipose tissue also produces messengers that exert their effects remotely. Leptin, a
peptidic hormone synthesized mainly by white adipose tissue, appears to have various
effects on central nervous system structures, mostly related to energy regulation. Normal
neurodevelopment of hypothalamic structures such as the arcuate nucleus seems to require
specific patterns of leptin intervention in terms of timing and duration, with potential
enduring consequences in the case of abnormal stimulation [44]. Leptin is increased in
obesity [45]. Its effects in the brain depend mainly on leptin receptors found not only
in the hypothalamus but also in the hippocampus, amygdala, and cerebellum. In the
hippocampus, leptin facilitates synaptic efficacy of both excitatory and inhibitory synapses,
potentially inducing either long-term potentiation or long-term depression and is likely to
have procognitive actions related to learning and memory processes and memory consoli-
dation [46]. Leptin may have protective actions against the acute and chronic synapto-toxic
effects of amyloid 3, promote amyloid {3 clearance, and enhance neurogenesis [46]. In a
populational study, higher levels of leptin and resistin (but not adiponectin) were associated
with a reduced risk of dementia in overweight/obese persons and not in persons with a BMI
of 25 kg/ m? [47]. In another study, leptin levels were significantly higher and adiponectin
significantly lower in obese patients. The same research has shown that while high levels of
adiponectin were associated with neurodegenerative dementia and high levels of resistin
with vascular dementia, leptin levels did not differ significantly in demented patients as
compared to normal subjects [48]. Decreased sensitivity to leptin (“leptin resistance”) may
be due to receptor abnormalities, impaired transport across the BBB, or increased activity
of its negative regulators [49]. Obesity might be caused by chronic metabolic inflammation
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in the hypothalamus, possibly as a direct neuronal response to chronic overnutrition (local
oversupply of glucose or lipids) [50]. In another neurotoxicity paradigm, leptin can inhibit
neural stem cell expansion by specific receptor-mediated (via ERK/cyclin D1 pathway)
apoptosis of neuronal precursors in vitro models. Whether cognitive impairment (and
possibly Alzheimer’s disease) associated with obesity is due to leptin resistance (similar to
cognitive deficits in leptin-deficient models) is still an uncertainty [51].

In a similar manner, abnormal gut microbiota associated with obesity appears on
one side to generate inappropriate activation of the immune system and on the other
side to release in circulation substances that can pathologically interact with the BBB
and the CNS immune system (of whom lipopolysaccharide (LPS) is probably the most
researched) [52,53]. Obesity due to a high-fat diet in wild mice was associated with gut
dysbiosis—decreased relative abundance of Faecalibaculum and increased relative abun-
dance of Dubosiella [54]. The authors found increased cognitive deficits and white matter
lesions in obese mice subjected to reduced cerebral flow and attributed these to increased in-
flammation triggered by lipopolysaccharide (LPS) through a TLR4-dependent mechanism.
Intestinal permeability, plasma LPS levels, and levels of proinflammatory cytokines IL-6
and IL-1p were significantly greater among HFD mice. In the corpus callosum, significantly
higher LPS levels, TLR4 expression, activated microglia, reactive astrocytes, oxidative
stress, and BBB permeability markers were found, while tight junction protein occludin
was downregulated [54]. In another study in humans, obesity was associated with an
increase in the Prevotella/Bacteroides (P/B) ratio as well as with an increased centrality of
the nucleus accumbens (reflecting the ability to affect the signal of connected structures)
and a decreased centrality of brainstem structures involved in food intake regulation, as
well as a decrease in fecal tryptophan [55]. In another study, the scores of all memory
domains were associated with altered plasma levels of tryptophan, tyrosine, and pheny-
lalanine and their catabolites, but memory-related alterations in tryptophan metabolism
were only observed in individuals with obesity [56]. In the same study, common species
that positively associated with learning, verbal memory, and working memory belong to
the Firmicutes phylum, while negative associations between the gut microbiota and memory
scores were identified within the Bacteroides and Proteobacteria [56]. Quinolinic acid levels
were significantly increased in obese compared to non-obese humans and significantly
correlated with BMI [57]. Quinolinic acid is a metabolite of tryptophan, acts as a (neuro-
toxic) glutamate receptor agonist, and is excessively secreted by activated macrophages
and adipose tissue during inflammation [58]. In humans, serum quinolinic acid levels
were negatively correlated with the total cognition score of the Repeatable Battery for the
Assessment of Neuropsychological Status, particularly with regard to the delayed memory
index, while in obese mice, they were negatively associated with recognition memory and
spatial working memory [57].

Another possible mechanism for gut microbiome to connect to immune disorders and
cognitive abnormalities involves short-chain fatty acids (SCFAs) (mainly acetate, propi-
onate, and butyrate) produced by gut bacteria from nondigestible dietary fibers. These
are major cellular energy sources and appear to modulate the strength of the gut barrier,
promote cellular metabolism, and have significant immunomodulatory activity [59]. Long-
time early supplementation of SCFAs in murine and cellular models for neurodegenerative
diseases increased neuronal resistance to oxidative damage, enhanced astrocyte-neuron
communication, and alleviated the cognitive impairment by reducing A{3 deposition and
tau hyperphosphorylation [60]. However, the neuroprotective effect of SCFAs remains to
be clarified—i.e., in another mouse model for Alzheimer’s disease. The administration of
SCFAs increases microglial reactivity and activation and increases A plaque loads [61].
The correlation between gut microbiota and obesity is inconstant in human studies, with a
meta-analysis showing obese adults to have higher feces levels of SCFA but no statistically
significant differences between Bacteroides and Firmicutes phyla [62]. Supplementation of
butyrate in obese mice improved metabolic control and cognitive parameters, generating
a number of neuroprotective effects in the frontal cortex of treated mice. Its effects were
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probably mediated through an increased expression of BDNF in the frontal cortex due to
epigenetic regulation, thus preventing a decrease in total neurite length, number of neurite
branches, dendritic arborization and complexity, and have protective effects on synaptic
spine morphology and spine density [57].

Information from the gut through the vagal afferences can induce behavioral changes
(promoting hippocampal-depending learning and memory processes), and gastrointestinal
vagal disconnection leads to impaired memory and decreased neurotrophic (BNDF) and
neurogenesis markers (doublecortin) in the hippocampus [63]. Similarly, a high-fat diet can
induce by itself changes in hypothalamic microglia (both pro- and anti-inflammatory), and
these changes preclude the increase in pro-inflammatory cytokine expression (supporting a
direct response of microglia to diet) and appear to downregulate genes involved in sensing
microenvironmental alterations. Whether this reflects that obesity and gut microbiota
changes result from a specific obesogenic neural activity or whether the central pattern of
activity is the result of obesity and intestinal changes remains to be established [43].

3. Cognitive Ability Domains

If we classify cognitive ability domains by the general process involved (sensation, per-
ception, motor skills, attention and concentration, memory, executive function, processing
skills, and verbal skills), memory and executive functioning are probably the most studied
in relation to obesity. At the opposite end are motor and language/verbal skills, which
are evaluated in a minority of studies [64]. The authors found patients with metabolic
syndrome to perform worse in phonetic and semantic fluency tasks compared to normal
subjects but found no correlation with waist circumference (although other components
of the metabolic syndrome correlated with verbal performance) [65]. Phonemic verbal
fluency (as well as delayed recall) was associated with abdominal obesity in another study
on metabolic syndrome patients, while immediate recall and attention, mental flexibility,
and visual-motor skills (evaluated by the Trial Making Test) were not [66]. Similarly, sig-
nificantly lower phonemic fluency and lower inhibitory control were observed in obese
patients without eating disorders as compared to healthy-weight controls [67].

Motor skills are included more frequently in children’s studies, with obese or over-
weight preschoolers showing worse fundamental/gross locomotor skills as compared to
eutrophic children in some studies, while others did not highlight it [68-70].

While global cognitive impairment is constantly demonstrated in obese persons,
cognitive domain analysis does not always show correlations. Salama et al. show that
although mild cognitive impairment is significantly more frequent in obese persons (with
a crude odds ratio of around 5), both the total score and the five cognitive domains of
Addenbroke’s Cognitive Examination (ACE) fail to correlate with the BMI. However, in the
same study, there was a significant difference between normal subjects and grade II and III
obese subjects in fluency and memory scores, as well as in the total ACE score [71].

Suboptimal executive functions, impaired decision-making, and impulsivity are fre-
quently associated with addictions—of particular interest for us is food addiction [72].
Obese patients with cardiovascular disease showed a lower level of sensitivity to cognitive
interference, lower abilities in divided attention during visual-tracking tasks, and greater
impulsivity than normal-weight cardiovascular patients (as manifestations of attentional
and executive dyscontrol) [73]. In another study, obese patients showed impaired perfor-
mance on the decision-making task (Ilowa gambling task) and performed the worst on
the set-shifting task (Wisconsin Card Sorting Test). Moreover, trend analysis across lowa
gambling task blocks within each group revealed that the obese sample did not learn during
the task [74]. In a meta-analysis that included 72 studies—with 4904 overweight/obese
participants—the authors found broad impairments of executive function (including on
tasks primarily utilizing inhibition, cognitive flexibility, working memory, decision-making,
verbal fluency, and planning) to be associated with obesity, while overweight participants
only showed significant deficits in inhibition and working memory [75].
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In a recent study on 474 healthcare professionals, the authors used the self-reported
Gilewski questionnaire for a global assessment of memory complaints [76]. Significant
differences were observed in the level of general frequency of forgetting, the seriousness of
forgetting, retrospective functioning, and mnemonics usage in relation to different body
mass indexes and body fat percentage classes (p < 0.05). The findings showed a positive
correlation between excessive body fat and general frequency of forgetting and seriousness
of forgetting, whereas a negative correlation was observed to retrospective functioning and
mnemonics usage [77]. In terms of memory subdomains, many studies found obese persons
to suffer from working memory deficits [75,78,79]. Higher BMI was also associated with
nonverbal (visuospatial) learning deficits in individuals with lower education (with higher
education having a protective effect against the effects of obesity) [80]. Episodic memory
was also reported to be affected by obesity in some studies, while in others, although overall
memory ability was similar, there were clear differences in the use of learning strategies
(with normal adults using semantic clustering and serial clustering more effectively than
adults with obesity during all test phases) [81,82].

Cognitive impairment in obese persons covers a wide range of cognitive domains. The
exact contribution and the possible causality relation between them is far from understood
and remains a matter of debate as different studies with conflicting results (at least in
appearance) continue to emerge.

4. Consequences Observed on Obese Patients from a Neurological Perspective

Obesity in midlife is a major risk factor for Alzheimer’s disease (AD) and vascular
dementia (VAD) later in life. There is evidence that obesity not only increases the risk of
early cognitive decline but also can have an immediate negative impact on cognitive func-
tion. There is a negative correlation between anthropometric measurements of obesity and
various cognitive domains. For example, obesity is associated with decreased performance
on tasks related to episodic memory, and language learning is impaired in people with
high or low BMI. Similar deficits are observed in visual modality (VOM) memory tasks.
Additionally, reduced working memory performance is observed in obese and overweight
young adults compared to healthy controls. Furthermore, performance impairments are
also evident in other cognitive domains unrelated to memory. However, this is not consis-
tently observed in obese cohorts. Decreased performance in executive functions (such as
concept formation and sentence switching) is also observed in obese cohorts compared to
normal-weight controls [83-95].

For the diagnosis of mild cognitive impairment (MCI), the MCI Working Group of the
European Consortium on Alzheimer’s Disease, Brescia Meeting, Italy, June 2005 Criteria
are used (see Table 1) [96,97].

Table 1. MCI Working Group of the European Consortium on Alzheimer’s Disease, Brescia Meeting,
Italy, June 2005 Criteria.

Criteria References

Cognitive impairment reported by patients or their families

Reported decline in cognitive functioning relative to previous

abilities during the past year by the patient or informant [96,97]

Cognitive disorders evidenced during clinical evaluation

Absence of major repercussions on the daily life of the patient

Absent dementia

Legend: These are the criteria currently in use and recommended as standard for establishing the diagnosis of
mild cognitive impairment.

Research has shown that obesity is linked to impaired decision-making abilities in
populations with eating disorders, such as anorexia nervosa or bulimia. Moreover, several
studies have demonstrated that decision-making is also negatively impacted in obese
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subjects. The Iowa gambling task suggests that obese individuals have a decreased ability
to maximize immediate gratification or program delayed gratification. Additionally, obese
individuals demonstrate impaired performance on other tasks that require delayed gratifi-
cation. The poor decision-making processing of intertemporal choices may play a role in
the dietary preferences of obese individuals. This is evidenced by an increased sensitivity
to the immediate reward of consuming calorie-dense, energy-dense foods while ignoring
the long-term health and metabolic consequences. This suggests that their tendency to
prioritize short-term satisfaction over long-term well-being may contribute to their poor
eating habits. However, no consistent association between obesity and cognition has been
found within or across cognitive domains. This discrepancy may be due to the possible
moderating effects of many obesity-related comorbidities, which are known to negatively
impact cognitive performance [98-101].

In some people, type 2 diabetes mellitus (T2DM), high blood pressure, hypercholes-
terolemia, and insulin resistance coexist; therefore, the results of two recent systematic
reviews on the effects of obesity on cognitive performance in adults were inconclusive. The
two studies concluded that there is evidence of cognitive impairment in obese populations.
However, there was insufficient evidence to support the association of these impairments
with co-occurring obesity-related disorders and demographic variables such as age and
education, mainly due to the fact that many studies did not adequately control for potential
comorbidities [102,103].

One possible pathophysiological pathway was illustrated by Miller et al. Increased
levels of circulating free fatty acids and systemic inflammation are caused by obesity
and high-fat diets. At the hypothalamic level, circulating cytokines, free fatty acids, and
immune cells enter the brain and start local inflammation, including microglial growth.
This can lead to alterations in the internal circuitry of the hypothalamus as well as its
outputs to other brain regions. This inflammation is also believed to contribute to synaptic
remodeling and neurodegeneration, further exacerbating the negative effects on brain
function and cognitive health. As a result, brain areas like the hippocampus, amygdala,
and reward-processing centers disturb cognitive function. Therefore, central inflammation
in obesity has detrimental effects on cognition, disrupting hypothalamic satiety signals and
sustaining overeating [104].

Brain imaging studies have indicated a link between obesity and neural atrophy.
Obesity has been associated with structural alterations to the brain’s neural architecture.
Research has shown that, regardless of age or disease status, an increase in BMI correlates to
a decreased brain volume. Additionally, higher BMI is associated with a reduction in grey
matter in the temporo-frontal, occipital, and hippocampus cortices, as well as a decrease in
white matter integrity throughout the brain. It should be noted that structural impairments
may not always be attributed to obesity, as they may be caused by the effects of aging or
other obesity-linked conditions (e.g., diabetes mellitus, atherosclerosis, and hypertension).
Nevertheless, obesity poses a risk to neural integrity, as it may lead to its impairment.
Furthermore, neural imaging studies have revealed altered functional activity. For example,
in healthy adults with an elevated BMI, there is a decrease in regional blood flow into the
prefrontal cortex. Furthermore, there is a significantly reduced functional activity in the
areas of the brain related to episodic memory (hippocampus, angular gyrus, and DORP) in
obese individuals. Additionally, a lower working memory task-related activation of the
right parietal cortex has been observed in obese individuals [105-109].

The combination of neuroimaging and neuropsychological brain stimulation provides
synergistic benefits. Neuroimaging provides a comprehensive understanding of brain
circuits and functions, shedding light on the complex mechanisms underlying neuropsy-
chiatric disorders. At the same time, brain stimulation allows for targeted interventions
by manipulating specific regions or networks of the brain involved in these disorders.
The integration of neuroimaging and brain stimulation helps elucidate the neural basis of
neuropsychiatric disorders and optimize treatment strategies. This powerful combination
accelerates the development of symptomatic therapies by identifying the neural circuits
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involved and guiding precise therapeutic interventions. It has the potential to revolutionize
bioelectronic medicine, paving the way for personalized treatments and transformative
advances in neuropsychiatric care [110].

Research has shown that obesity is linked to an accelerated brain aging process, specif-
ically in terms of white matter atrophy. Middle-aged individuals with obesity appear to
experience it the most, which can result in an estimated increase in brain age by approx-
imately ten years. This age group may be particularly vulnerable to developing obesity
compared to later stages of life. Additionally, it is believed that white matter atrophy begins
to occur in middle-aged individuals. One possible explanation for this is the action of
pro-inflammatory cytokines. Adipokines, which are secreted by adipose tissue, can have
both pro-inflammatory and anti-inflammatory effects. Adiponectin, a molecule known
for its anti-inflammatory properties and its role in energy metabolism and inhibiting cell
proliferation, is reduced in the case of obesity. Conversely, chronic inflammatory states
and metabolic disorders are stimulated by the upregulation of other adipokines. These
changes contribute to the development of white matter abnormalities, as they create a
microenvironment that supports such alterations in the brain [111-117].

It is increasingly clear that elevated BMI and central obesity in midlife are risk factors
for later cognitive impairment and have been identified as modifiable risk factors for
cognitive decline. However, it appears that obesity may offer some protection against
subsequent cognitive decline. Some studies have shown that obese people lose weight more
slowly than people of normal weight. The relationship between obesity and subsequent risk
of dementia is unclear. The relative risk ratio for AD and vascular dementia (VD) is three
to five percent later in life, according to data from a study of obese patients hospitalized
between the ages of 30 and 39 years, and the relative risk gradually decreased until 70.
However, the study found that people who were overweight at the time of admission were
still at higher risk of later developing dementia than those of normal weight. Additionally,
people who were obese after 80 years were less likely to develop vascular dementia in
advanced ages. It is estimated that people with an increasing BMI between the ages of 40
and 45 have a 74% higher risk of developing dementia later in life [118-122].

Obesity in itself poses a lower risk of dementia in comparison to diabetes, hypertension,
and dyslipidemia in both mid and late-life individuals. However, the risk is higher for
obesity in midlife compared to later life (2.0 vs. 0.8). A recent meta-analysis of longitudinal
studies examining midlife BMI and risk of dementia in later life found that obesity, but not
overweight, in midlife was associated with an increased risk of dementia in later life. A
review of empirical studies found that the association between dementia risk and obesity is
most similar when obesity is assessed in midlife and cognition in late life, with long-term
follow-up. However, it is essential to note that the association between dementia and
obesity varies depending on the degree of obesity, the outcome of interest, and the age at
which a person is classified as obese [123-126].

However, BMI is not a reliable measure of adiposity as it does not differentiate be-
tween muscle and adipose tissue. Longitudinal studies offer a valuable opportunity to track
groups of individuals over an extended period, enabling the observation of disease pro-
gression and the identification of patterns, associations, and potential factors contributing
to age-related changes. One study followed participants aged 65 and older for five years to
assess possible links between age-related obesity, weight change, and dementia. The results
were adjusted to account for sample demographics and APOE e4. A BMI between 26.3 and
29.6 kg/ m? was associated with a lower risk of dementia, including Alzheimer’s disease,
compared to a BMI less than 23.4 kg/m?. However, age did play a role in the relationship
between BMI and waist circumference, with those with a waist circumference > 97 cm
being more likely to develop dementia related to stroke. In individuals under 76 years,
those with a BMI ranging from 23.4 to 29.6 kg/m? were less likely to develop dementia
than those with a BMI outside this range. Dementia risk decreased with increasing BMI in
individuals over the age of 76 years. Nevertheless, individuals under the age of 76 who
had a waist circumference greater than 97 cm showed a positive correlation with a higher
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risk of both dementia and Alzheimer’s disease. However, this correlation diminished in
individuals over the age of 76. Additionally, weight loss was linked to an increased risk
of dementia compared to those who maintained a consistent weight. On the other hand,
people who gained weight had an increased risk of stroke-related dementia [127-131].

Another study compared the impact of obesity on performance on global test standards
in people aged between 19 and 93. Participants were evaluated every 2-3 years. When
measuring global cognitive function, people with higher BMI, larger waist circumference,
and higher WHR performed worse than those with lower BMI, smaller waist circumfer-
ence, and lower WHR. As with all three measures of obesity, decreased performance was
associated with increasing age. Similarly, decreased visual memory performance was
associated with increasing obesity and age. Language function was also associated with
obesity, and the association varied depending on the measure used but did not change
with age. Executive function was assessed using two trail-making tests, A and B. A tested
mental flexibility and processing speed, and B tested visual search. In A, higher BMI and
larger waist circumference were associated with faster performance, whereas in B, higher
WHR was associated with slower performance with increasing age. Specifically, BMI, waist
circumference, and WHR were associated with poorer performance on both letter and
category skills. However, WHR is only related to visuospatial ability with increasing age,
with higher WHR slowing the decline. A similar association has been found between
weight change and cognitive performance. A second prospective study was conducted to
calculate BMI across adulthood (early adulthood, early middle age, and late middle age)
and assessed executive function, memory, and mini-MES performance in late middle age.
Cumulative obesity was associated with poorer performance on the mini-MES test and
tasks related to reasoning and language fluency (phonemic and semantic) compared to
normal-weight individuals. The negative impact on mini-MES performance remained even
after accounting for health behaviors and measures assessed in late midlife. However, it
is important to note that cognitive function is also affected by the cumulative effects of
being underweight. Furthermore, being underweight was associated with poorer rational
induction, verbal fluency, and performance in the mini-MES. Low body weight and weight
loss may be a sign of preclinical dementia, which is characterized by decreased food intake
and lifestyle changes. The concept that preclinical weight loss is promoted by cognitive
impairment was supported by a review of 19 cohort studies [132-135].

On the other hand, it has recently been observed that being underweight during
middle and old age is associated with a higher risk of dementia. As the BMI increases, the
incidence of dementia decreases. Moreover, obese adults in their adult life were found
to be 29% less likely to develop dementia than those at healthy weight. Current obesity
levels in older adults are inversely related to dementia. This may be an example of the
obesity paradox, in which the onset of dementia may be preceded by weight loss in later
life and occurs before any signs of cognitive impairment appear. It is supported by a
retrospective cohort study of around two million people aged 40 and over in the UK,
which suggested that being underweight in middle age and older age increases the risk
of dementia. However, this claim has been met with some controversy, as it may be due
to the prevalence of general practitioners’ underdiagnosis of dementia at the time of data
collection, as well as the adjustment for a variety of factors, including the competing
risk of mortality and selection bias, as well as bias in dementia diagnosis in those with a
lower BMI/age. All in all, these findings may provide an explanation for the association
between late-life obesity and dementia. However, there is limited evidence to support this
hypothesis. Possible reasons for the association include increased glucose metabolism due
to increased leg muscle mass. This may prevent the pathogenic effects of increased glucose
availability due to glucose uptake into muscle [136-139].

5. Stress as an Additive Risk Factor

Stress occurs when an individual experiences a disconnection between their physio-
logical response to a stressful stimulus and their capacity to manage the situation. From a
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homeostatic point of view, the demand exceeds the organism’s regulatory capacity. Stress
responses are primarily mediated by the sympathetic and hypothalamic—pituitary-adrenal
(HPA) endocrine systems. The activation of these systems leads to the release of cortisol (de-
rived from the sympathetic and medullary endocrine systems), which in turn induces adap-
tive survival responses in response to the stressor’s demands. Adaptive, long-term, over-,
or repetitive response activation can have a cumulative effect on the organism, leading to
an acceleration in the wear and tear of the body’s systems. Chronic psychological stress
leads to physiological dysregulation, which has been linked to multiple and widespread
adverse health and life outcomes, including quality of life and longevity [140-143].

Stress has been linked to both metabolic dysfunction and cognitive impairment, mak-
ing it a potential risk factor for obesity and its associated metabolic outcomes. There
is a significant neurobiological relationship between stress and the energy homeostasis
system. The hypothalamic—pituitary—adrenal axis (HPA axis) is sensitive to a variety of
hormones, including glucose, insulin, and ghrelin, which regulate energy balance and
appetite. Additionally, the HPA axis is sensitive to the majority of peripheral and central
neuropeptides, such as orexigenic neuropeptide Y, which are involved in regulating energy
homeostasis. Additionally, chronic stress alters peripheral metabolism and lipid physiology,
including the production of cortisol, which increases plasma levels of leukotrienes and
ghrelin, and changes in neuropeptide expression that regulate energy intake. Cortisol
inhibits insulin release, reduces insulin sensitivity, and causes hypermetabolism, which
in turn promotes hypertension, central obesity, and glucose intolerance, all of which con-
tribute to the development of metabolic syndrome. Finally, chronic stress prospectively
predicts abdominal fat accumulation, metabolic syndrome, obesity, and other metabolic
consequences. Stress can lead to irregular eating habits, which are associated with a variety
of negative health effects, including increased intake of sugary and fatty foods, fast food
and unhealthy snacks, bulimia, and decreased vegetable intake. Pre-existing metabolic
risks may make a person more vulnerable to the negative effects of stress on body composi-
tion. For example, accumulated stress is associated with increased levels of fasting blood
glucose, insulin, and insulin resistance in people with high and low BMIs, respectively.
Additionally, obese people are more likely to experience increased cortisol levels. Central
obesity is associated with glucocorticoid overproduction, increased basal cortisol, and
increased cortisol reactivity during acute stress. These results suggest that stress promotes
internal environments and behaviors that increase the risk of hypermetabolism, which can
have serious long-term health consequences. Diseases such as obesity and diabetes are
associated with systemic inflammation, increased oxidative stress, altered gene expression
(such as telomere shortening), and decreased cognitive performance [144-163].

The impact of stress on cognitive function is noteworthy, both in the short and long
term, as it leads to detrimental changes in neural structures. Acute stress can have both
positive and negative effects on performance, with instances of both types of effects ob-
served. The specific direction of these effects is influenced by various factors, including
the cognitive domain investigated, proximity to cognitive processes, and the individual’s
stress response. It has been observed that stress generally reduces cognitive processes that
are not directly related to the stressor itself. For example, the attentional resources needed
to handle stressors are prioritized. Similarly, the consolidation of information in memory is
expected to be prioritized to enable future adaptive coping. Cognitive processes unrelated
to an immediate threat, such as attention to one’s surroundings and searching for informa-
tion not related to stress, tend to be affected. The main trigger for acute effects on cognitive
function is the use of glucocorticoids, which are associated with long-term impairment of
neuronal integrity and function. For example, chronically elevated plasma levels in older
adults are associated with decreased hippocampal volume and hippocampal-dependent
memory impairment [164-167].

Chronic stress leads to weight gain, especially in the central adipose tissue, through
the disruption of eating behaviors and energy homeostasis. Obese individuals may be more
susceptible to cognitive impairment due to higher cortisol levels during resting periods and
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in response to stress. This combination of increased susceptibility to stress-related effects
and the metabolic dysregulation associated with obesity suggests that individuals who are
obese may have a heightened risk of cognitive impairment under acute stress conditions.
They examined the effects of stress-induced cognitive performance in 66 middle-aged high-
weight/normal-height (HWH) adults. When exposed to a stressor, males with high WHR
tended to show increased cortisol responsivity. The increased WHR was accompanied by
poorer performance on declarative tasks, particularly spatial recognition memory (SGA)
and paired associative learning (PAL). These results suggest that obese individuals with
central adipose tissue may exhibit decreased cognitive performance under acute stress.
Therefore, the increased risk of cognitive impairment observed in obese individuals may be
exacerbated by increased susceptibility to harmful stressors. Additionally, there appears to
be a bidirectional correlation between cognitive impairment and obesity (see Figure 1) [168].

=
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Figure 1. Reciprocal relationship between obesity and cognitive impairment. Legend: The relation-
ship between obesity and cognitive impairment is bidirectional. Long-term obese status leads to
cognitive deficits, while cognitive deficits encourage unhealthy eating patterns, which, in turn, lead
to obesity.

Higher levels of the KYN metabolite kynurenic acid (KYNA) in the human brain are
associated with altered fear states caused by trauma, stress, and anxiety. These elevated
KYNA levels may contribute to cognitive and sensory deficits in these disorders. KYNA
levels are increased in areas such as the prefrontal cortex (PFC) and cerebrospinal fluid
(CSF) of patients with psychosis. Additionally, experimental manipulation of brain KYNA
levels through systematic KYN administration has been shown to lead to impairment
of PFC-mediated landscape shifting, spatial contextual memory, cognitive ability, fear
learning, and working memory capacity. Conversely, reducing KYNA levels in the brain by
pharmacological inhibition or gene deletion of KAT II, the main enzyme responsible for
KYNA production in the human brain, has been shown to improve cognitive function [169].

A study by Polyak et al. has validated metabolic alterations during demyelination on
both sides of the blood-brain barrier (BBB). They demonstrated the role of KYN metabolites
in the animal model of demyelination generated by cuprizone (CPZ), which is compa-
rable to progressive MS in several aspects. This study has demonstrated the profile of
KYN metabolites during increasing demyelination, which also supplements the earlier
evidence. Additional research could clarify the process underlying the modification of
KYN metabolites and perhaps impact TRP-KYN metabolism enzyme activity [170].
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6. Possible Reversal of Cognitive Dysfunction

In order to reduce obesity, it is recommended to lose weight through diet and exercise.
There is some evidence to suggest that these interventions may also help reverse or prevent
further cognitive decline. However, maintaining weight loss results requires long-term
behavioral changes. Some more radical interventions, such as bariatric surgery, can result
in rapid weight loss, while others, such as dieting, are slower in their outcome. Several
studies have been conducted to assess cognitive function after such procedures [171].

Experimental studies have investigated the effects of specific nutrients on cognitive
performance. However, understanding the impact of complete diets on cognitive function
is more challenging due to the intricate nature of dietary habits and the interplay between
various nutrients found in the food we consume. Research utilizing controlled whole
diet approaches, which involve increasing dietary fiber intake based on Nordic Nutrition
Recommendations, has demonstrated cognitive advantages for middle-aged individuals
with hypertension in as little as one month. The Mediterranean dietary pattern (MDP)
includes plenty of olive oil, fruits, vegetables, whole grains, legumes, and nuts, moderate
intake of dairy products and alcohol, and limited intake of red meat. It is associated
with a lower risk of death from the disease. Among the general public, this dietary
pattern is considered healthy and recommended for people outside the Mediterranean
region [172-179].

MDP has been studied in relation to cognition, cognitive decline, and dementia.
Studies conducted in various settings have shown that adherence to the MDP is associated
with a reduction in the number of cases. However, there are some discrepancies between
the results. In a study conducted among elderly people in Spain, extra virgin olive oil
(OVO) or mixed nuts were prescribed for MDP. After four years, cognitive function was
compared to a control group not exposed to MDP and encouraged to reduce their dietary
fat intake. Those who consumed olive oil had better verbal memory than those who did
not consume olive oil. Composite memory, frontal, and global performance were preserved
in both arms of the MDP compared to the group with decreased performance during
tracking. Although cardiovascular risk was reduced, we could not clearly identify a single
interaction mechanism between the MDP and control groups as responsible for the observed
maintenance. However, different biological pathways have been proposed. These include
decreased vascular risk factors, white matter pathology (including insulin resistance),
metabolic disorders (including glucose metabolism, oxidative stress, and inflammation),
and advanced glycation (glycation) [180-194].

Addressing cardiovascular risk factors in midlife through interventions may help
prevent age-related cognitive decline. Studies have shown that bariatric surgery can
improve memory and executive function years after surgery. However, it is important to
note that people with a family history of attention deficit hyperactivity disorder (ADHD)
may not experience the same cognitive benefits after bariatric surgery. This suggests that
genetic predisposition or family history may impede cognitive recovery after bariatric
surgery [195,196].

In people with severe obesity, bariatric surgery can cause significant weight loss,
but it is unclear how it will affect cognitive performance. Li et al. conducted a meta-
analysis of 20 studies gathered from PubMed, Cochrane, and Embase to estimate the
impact of bariatric surgery on cognition in individuals with extreme obesity. Six of these
cohort studies discovered that Roux-en-Y gastric bypass improves both short-term delayed
memory function and immediate verbal memory ability. Similar effects on delayed memory
function and immediate verbal memory function were found over a lengthy follow-up.
When compared to the control obese group, the Roux-en-Y gastric bypass group did
not demonstrate any gains in executive function, attention, or cognitive speed. Patients
performed better postoperatively in all cognitive domains during repeated evaluations in
14 longitudinal investigations (12 single-arm pre-post comparative studies and 2 cohort
studies in which the control group had no follow-up cognitive data). The study for the 20
operating groups revealed that, with the exception of animal fluency and letter fluency,
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patients who underwent bariatric surgery had greater scores than baseline scores following
repeated evaluation of most neuropsychological tests. These results imply that Roux-en-Y
gastric bypass may improve verbal and delayed memory function in patients with severe
obesity [25,197].

7. Discussion

While the precise mechanisms underlying the effects of excess adipose tissue on brain
function are not fully elucidated, existing research indicates that insulin resistance, inflam-
mation, and vascular dysfunction may contribute to the observed associations between
obesity and cognitive decline. This research suggests that weight loss can lead to improved
brain function and cognitive outcomes, implying that obesity-related cognitive impairment
may be reversible [1].

The choice of adiposity measurement used to define obesity can influence the rela-
tionship observed between obesity and dementia. The commonly used BMI does not
distinguish between muscle and fat tissue, making it challenging to assess body fat ac-
curately. Additionally, the proportion of body fat can vary with age and gender, further
complicating the interpretation of BMI as a measure of obesity. Therefore, alternative
methods such as waist circumference, WHR, or body composition analysis may provide a
more accurate assessment of body fat distribution and its association with dementia [2].

For example, cross-sectional validation studies have shown that women have higher
body fat percentages than men despite having the same BMI. Ethnicity, age, and BMI
interaction were independently associated with body fat percentage in women. Using
self-report data at an early age may introduce recall bias. With limited data and longer
follow-up periods, it becomes difficult to draw conclusions about risk factors. These
studies with longer follow-ups showed the most consistent association between obesity
and dementia risk [172].

Differences in study design make it more challenging to draw conclusions about
relative risks. Meta-analyses assessing the risk of adverse events associated with obesity,
diabetes, and related diseases may have been affected by differences in study design,
resulting in statistically nonuniform pooled. Moreover, we were unable to draw any
conclusions about the effect of the timing of risk exposure. Furthermore, some studies did
not adjust for ApoE status, which does not reflect its potential to modify the association
between obesity and dementia risk. Other studies did not consider other relevant variables
such as education, cerebrovascular injury, and stroke in their analyses. Some longitudinal
studies that showed large attrition rates did not address this issue. Furthermore, the
association between obesity in midlife and dementia risk in late life was more frequently
reported in studies with outcome and selection biases, high attrition rates, and potentially
confounding lack of adequate control of variables. Differences in diagnostic criteria for
dementia and diabetes, length of follow-up, sample size, and recruitment of specific
populations were found to contribute to the variation in study results. Furthermore, the
issue is further complicated by the broad age range of the study sample and the inclusion of
participants aged 65 and older in midlife exposure assessments. Even with the inclusion of
brain imaging results and autopsy reports, we cannot determine the role of the severity of
subclinical vascular disease on the risk of dementia associated with obesity. Some studies
have also acknowledged cohort effects, such as a difference in the survival rate for dementia,
obesity-related mortality, or perhaps being less susceptible to the negative effects of obesity,
referred to as ‘the survivor effect’ [198-200].

The objective of one cross-sectional validation study was to examine the influence
of sex, age, and race on the association between BMI and measured percentage of body
fat (%fat) in a sedentary population. The analysis was conducted on 665 black and white
individuals ranging in age from 17 to 65 years who were part of the Heritage Family Study
cohort. After statistical analysis, the %fat of females was found to be 10.4% higher than
that of males at the same BMI level. General linear model analysis indicated that age, race,
and race-by-BMI interaction were independently associated with %fat in women, while in
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men, %fat was influenced by BMI, age, and the age-by-BMI interaction. Multiple regression
analysis models elucidated these biases, and the findings underscored the nonindependence
of the BMI-%fat relationship from age and gender. Moreover, they revealed a race effect
among women but not men. The failure to account for these sources of bias had significant
implications for defining obesity based on measured %fat [198,201-203].

Retrospective studies, despite their valuable role in medical research, do present a set
of challenges primarily stemming from their observational nature. One of the foremost
difficulties lies in establishing causation and relying on existing data, often collected for
different purposes, making it challenging to control for confounding variables or establish a
clear cause-and-effect relationship. Also, we battled with selection, recall, and information
bias, as the accuracy and completeness of historical data can be compromised. While these
types of studies can provide insights into the association between variables, caution is
necessary when interpreting results and making definitive causal claims in the absence
of experimental control. Our research is valuable in synthesizing existing literature but
also has limitations worth considering. It may be subject to publication bias, as studies
with positive findings are more likely to be published, potentially skewing the overall
conclusions. The causation and the direction of the relationship between obesity and
cognitive function can remain ambiguous. The method and means of measuring the effect
of obesity on cognition are different in many studies and can be considered a limitation, as
the problematic assessment of body fat, the self-reported data, the follow-up, the period
of time the person was obese, the different protocol used earlier in diagnosing obesity,
and so on. Moreover, the generalizability of findings may be limited, as obesity’s impact
on cognition can vary depending on many factors, such as age, gender, social status, and
comorbidities, which are not fully accounted for in the reviewed studies [204-207].

The research conducted worldwide concerning obesity-induced cognitive impair-
ment has significant practical implications for various stakeholders, including healthcare
providers, policymakers, clinical practices, and individuals [208-211].

As far as clinical interventions go, research in this field informs healthcare providers
about the cognitive consequences of obesity, highlighting the need for comprehensive as-
sessments and tailored interventions. Practitioners can now integrate cognitive assessments
into their clinical evaluations and provide guidance on weight management strategies that
may improve cognitive outcomes or maybe refer these patients to the selected special-
ists [208-211].

In the sector of public health, policymakers can use findings from the medical core
to develop public health policies aimed at obesity prevention and management, which
might involve implementing programs promoting healthier lifestyles, encouraging physical
activity, and regulating the availability of high-calorie, low-nutrient foods [208-211].

For patient education, individuals struggling with obesity can benefit from a better
understanding of the cognitive risks associated with excess weight, and maybe knowledge
of a potential cognitive impairment can serve as a motivating factor for weight management
and a healthier lifestyle [208-210].

The emerging understanding that weight loss can enhance brain function and cognitive
outcomes offers promising clinical implications and opens new avenues for future research.
From a clinical perspective, these findings underscore the significance of weight manage-
ment and lifestyle interventions in addressing not only the physical health consequences
of obesity but also the potential reversibility of obesity-related cognitive impairment and
cognitive well-being. Healthcare professionals can integrate cognitive assessments into
weight management programs to monitor changes in cognitive function as patients lose
weight. Furthermore, these insights suggest that targeting weight loss as a therapeutic
approach for cognitive decline, potentially even in conditions like obesity-related cog-
nitive impairment or mild cognitive impairment, holds promise. Future research could
delve deeper into the mechanisms underpinning the reversal of cognitive impairment
through weight loss, exploring factors such as improved cardiovascular health, reduced
inflammation, and hormonal changes. The role of various interventions, such as dietary
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modifications, exercise regimens, and bariatric surgery, could prove helpful in optimizing
cognitive outcomes. Additionally, exploring the long-term sustainability and durability
of cognitive improvements following weight loss and the potential interplay with genetic,
metabolic, and neurobiological factors can be a rich area for further investigation. Ulti-
mately, the potential reversibility of obesity-related cognitive impairment through weight
loss highlights a novel and encouraging dimension of holistic healthcare and warrants
further exploration to refine clinical interventions and therapeutic strategies [211,212].

Future research on the relationship between obesity and cognition should continue to
explore the intricate mechanisms that link these two factors and their potential implications
for public health and clinical practice. Investigating the neurobiological underpinnings of
cognitive impairments in obese individuals, such as the impact of chronic inflammation,
insulin resistance, and altered adipokine levels on brain structure and function, remains
an essential subject for further exploration. Moreover, longitudinal studies that gather a
wider range of age groups and diverse populations could shed more light on how obesity
affects cognition over time and whether there is a critical window of susceptibility in which
we can intervene with medication, exercise, lifestyle modifications, or bariatric surgery.
Research on the potential cognitive benefits of weight loss and the role of individualized
strategies in cognitive impairment is also a promising direction for future studies in this
field [213,214].

It has been demonstrated that the essential oils of Chrysanthemum morifolium Ramat.,
Zingiber officinale Roscoe, Santalum album L., Citrus reticulata Blanco, Atractylodes lancea,
and Myristica fragrans Houtt. have neuroprotective or anti-neuroinflammatory properties
in vitro and provide fast-acting antidepressant effects when administered intranasally to
mice. Notably, through interactions with NMDARs and AMPARs, essential oils from
Chrysanthemum morifolium Ramat. and Atractylodes lancea, as well as their volatile com-
pounds, such as atractylon, x-curcumene, « farnesene, and selina-4(14),7(11)-dien-8-one,
may be useful candidates for development as rapid-acting intranasal antidepressants. Val-
idating the safety of these essential oils and chemicals for intranasal delivery, as well as
the precise mechanism underlying their fast-acting antidepressant benefits, are critical
for future research. They should also be investigated with a particular animal disease
model [215].

Despite extensive research in this field, several critical questions remain unanswered,
leaving room for further investigations. After unraveling the intricate mechanisms that
connect obesity to cognitive decline, we believe that the impact of obesity at different life
stages and its interaction with genetic, environmental, and lifestyle factors on cognition
outcomes require further investigations. Also, more long-term studies, including clinical
trials, are needed to evaluate the effectiveness of various interventions in preventing and
mitigating cognitive decline in obese individuals, so reversibility of cognitive impairment
in this population is another crucial question that remains on the table. More research is
needed to understand the threshold at which obesity becomes a significant risk factor for
cognitive decline and the nuances of this relationship across more types of populations in
order to answer this critical public health issue [213,214].

8. Conclusions

The implications of this research can lead to the development of interventions that may
include cognitive rehabilitation programs, lifestyle modifications, and pharmacological
interventions. Employers and educational institutions can consider the cognitive impact of
obesity when developing workplace wellness programs or support services for students
struggling with weight issues. In summary, research on obesity-induced cognitive impair-
ment and the effect that obesity has on our brain has practical implications that extend
to healthcare, public policies, education, and society at large, contributing to reducing
the social stigma and discrimination against individuals with obesity. It amplifies the
importance of addressing both the physical and cognitive aspects of obesity to improve
overall health and well-being.
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Most research highlights the impact of vascular dysfunction and systemic inflam-
mation on the nervous system in patients with obesity and the subsequent neurological
changes. Obesity during the early to mid-ages leads to an earlier onset of cognitive dys-
function in various forms. Also, lifestyle intervention can reverse cognitive dysfunction,
especially dieting, to encourage weight loss.
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