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Abstract

Obesity, affecting One in eight people, poses significant health risks, including an increased
risk of cognitive impairment and dementia. This article is exploring the complex and
multifaceted relationship between obesity and cognitive function, highlighting several
mechanisms that may contribute to cognitive decline in obese individuals. Research reveals that
obesity in middle age is associated with a higher risk of cognitive decline, while in older adults,
it might provide some protection against rapid cognitive deterioration. In adolescents, obesity
is linked to lower scores on cognitive tests, indicating damaging effects on cognitive abilities
from an early age. Key mechanisms discussed include neuroinflammation, mitochondrial
dysfunction, and insulin resistance. Neuroinflammation involves elevated levels of pro-
inflammatory cytokines leading to increased blood-brain barrier permeability and potential
neuronal damage. Mitochondrial dysfunction in obesity results in impaired neuronal function
due to disrupted mitochondrial processes. Insulin resistance, a common feature of obesity,
affects brain regions critical for memory and executive functions. Additionally, the impact of
weight loss on cognitive function is examined, with evidence suggesting that weight reduction
through bariatric surgery, lifestyle interventions, or pharmacological treatments can improve
cognitive abilities. However, further research is needed to establish definitive causal

relationships and to understand the underlying biological changes.

Introduction

Obesity is one of the most commonly occurring diseases in modern societies, affecting 1 in 8
persons in the world [1]. Despite significant advances in treatments for the condition, it
continues to place a significant burden on health systems around the world. While it may be
sometimes overlooked, obesity is dangerous due to the numerous complications it causes.
Obesity increases the risk of type two diabetes, non-alcoholic fatty liver disease, hypertension,
cardiovascular incidents, stroke, obstructive sleep apnea, cancer, among others [2]. One of the
complications recently tied to obesity is dementia. It is a clinical syndrome defined by a group

of symptoms that include memory problems, language and cognitive function impairments,



behavioural changes, and difficulties in performing daily activities. It encompasses a variety of
neurological disorders marked by memory loss and cognitive decline. With an ageing
population, the prevalence of dementia is on the rise [3]. Worldwide, around 46.8 million people
have been diagnosed with this condition. This number is expected to increase to 74.7 million
by 2030 and 131.5 million by 2050 [4], pointing to a crisis ahead. For this reason, contemporary
research is paying increasing attention to the pathogenesis and risk factors of dementia in order
to combat it more effectively. Numerous publications point to the association of obesity with
dementia and reduced cognitive abilities, the results of which we would like to present in this

review.

Aim of the work

Obesity is currently one of the most commonly encountered health problems, particularly
dangerous because of the numerous complications affecting virtually every organ and system
within the human body. The primary aim of this review article is to systematically synthesise
existing research on the relationship between obesity and cognitive functions across different
age groups. Additionally, the review will explore the underlying biological and physiological
mechanisms through which obesity may impact cognitive functions. Furthermore, we included
information regarding the efficiency of weight loss in mitigating these consequences. In
conclusion, the review will identify gaps in the current literature and propose directions for

future research to better understand and address the cognitive impacts of obesity.

Methodology

This article is a literature review based on publications on PubMed using key words: obesity;
dementia; cognitive impairment; brain insulin resistance;. The search was limited to articles
published between the years 2010-2024. We focused particularly on high-quality meta-analyses

with a large study sample, and ones that included different age groups in their observations.

Results

Impact of obesity on dementia and cognitive functions

The connection between obesity and future cognitive decline is not well understood. Increasing
evidence suggests that higher levels of obesity, measured by Body Mass Index (BMI) and
central obesity, during middle age are risk factors for later cognitive decline and are recognized
as modifiable risk factors for cognitive deterioration. However, in later life, obesity seems to

offer some protection against cognitive decline, with certain studies indicating that obese



individuals experience slower cognitive decline compared to those of normal weight. [5] To
trace the relationship between obesity and dementia, we analysed recently published meta-
analyses.

The first study involved a cohort of 5,060,687 participants. Results indicated that a high waist
circumference (WC) was linked to an elevated risk of cognitive impairment and dementia. The
combined hazard ratio (HR) for the association between high WC and the risk of cognitive
impairment and dementia was 1.10 (95% CI: 1.05-1.15) when compared to low WC, despite
variations in cut-off values across different studies. The adverse effect of high WC on cognitive
impairment and dementia remained significant in individuals over 65 years old (HR = 1.13,
95% CI: 1.08-1.19), whereas the association was not significant in those younger than 65 years
(HR = 1.04, 95% CI: 0.93-1.16). These results did not apply to waist-to-hip ratio (WHR), as
no clear link was found between WHR and the increased risk of dementia or cognitive decline
[6].

Another meta-analysis investigated the relationship between BMI, waist WC, and the annual
percentage change in body weight with the risk of dementia and its subtypes. This analysis
combined data from 19 prospective cohort studies and four clinical trials. The study included
2,790,753 participants, with 57,294 reported cases of dementia from all causes over an average
follow-up period of 9.6 years. The average age of participants at the beginning of the study
ranged from 36 to 87. Regarding the risk of all-cause dementia, particularly its major subtype
of non-vascular dementia, there was no evidence linking excessive body weight to a higher risk.
However, for vascular dementia, only the highest levels of BMI and WC were associated with
a 50% increased risk compared to lower normal BMI and the lowest quintile of WC [7].

As suggested by the authors Tang X, et al., the discrepancies in results may stem from the
broader age range in the study by Lee CM, et al. To obtain more precise results, the authors
propose the use of more sensitive measurement methods. Further research is needed to
thoroughly explore these risks [6].

A recent study considered 4,839 Chinese citizens. It tested the associations of obesity and grip
strength with cognitive function in the elderly. Average age of individuals participating in the
study was approximately 68.6 years. Cognitive function was assessed face-to face by the
Telephone Interview for Cognitive Status (TICS). The TICS assesses: orientation,
concentration, short-term memory, language, and mathematical skills. This study discovered
that being overweight is significantly linked to a reduced rate of lower cognitive function (OR:

0.82; 95% CI: 0.71-0.94), compared to normal weight adults. However, no such link was noted



in obese individuals.The authors conclude that this is due to the likely protective effect of
excessive body weight in the elderly population [8].

The study by Meo SA, et al. monitored the potential impact of obesity (expressed in BMI) on
specific cognitive functions such as perception, attention, recognition, memory, and executive
functions. The study group consisted of male students (n=400) aged 12-15 years. A significant
relationship was found between high BMI (>30) and reduced abilities in memory,
concentration, and recognition. The results of the study indicate that adolescents with obesity
have worse results in tests of cognitive functions compared to their peers with normal BMI.
Particularly marked differences were noted in the speed of response to stimuli (5.74% slower),
response to incongruent stimuli (6.75% slower), number of correct trials (7.37% less) and
number of errors made (26.29% more) [9].

The Baltimore Longitudinal Study of Aging also found an association between obesity and
cognitive decline. The results were divided into categories: global cognitive function, attention
and executive function, memory, language and visuospatial. The study included 1,703
individuals aged 19-93 years. Participants were followed up periodically. Higher rates of
obesity were associated with worse scores on tests assessing global cognitive functioning, such
as the Mini-Mental State Examination (MMSE) and the Blessed Information-Memory-
Concentration (IMC) test. Higher BMI was associated with poorer performance in prospective
memory tasks, letter and categorical verbal fluency tests. Higher WC was associated with
poorer performance on prospective memory tasks, The Benton Visual Retention Test, and the
letter fluency test. In the visual-spatial domain, analyses showed that higher WC was associated
with better performance on Card Rotations Test, but there was no association with higher BMI
or WHR. Higher WHR were associated with poorer performance on: The Benton Visual
Retention Test, categorical verbal fluency tests. In cross-sectional analyses, higher BMI, WC
and WHR were associated with faster performance on the Trail Making Test A, which could
indicate better processing speed [10].

A study of a Taiwanese population involving 28,486 participants showed deterioration of global
cognitive function in individuals with abdominal obesity and obesity-related indices. Cognitive
function was assessed using the MMSE. The participants were divided into two groups
according to their MMSE score. Among the group with a lower score <24 points, there was a
higher prevalence of metabolic syndrome, abdominal obesity, low HDL-cholesterol,
hyperglycemia, high blood pressure, and higher levels of all obesity-related indices, including
BMI, WHR and others [11].



Reversibility of cognitive impairment as a result of weight reduction

The unclear causal relationship between obesity and cognitive functions encourages researchers
to conduct studies aimed at demonstrating the impact of weight reduction on cognitive
functions, which would provide evidence of a more specific relationship than just correlation.
In 2024, a meta-analysis was published that considered studies involving patients with a BMI
> 35 kg/m? who underwent bariatric surgery followed by weight loss and neuropsychological
testing. Improvements in attention, memory, and executive functions were observed 12 weeks
and 12 months after surgery. The results were compared to those obtained from the same
participants before undergoing surgery. No impact on language abilities was proven [12]. An
older but larger meta-analysis conducted by Veronese at al. (2017) yielded similar findings.
Besides patients with obesity, it also included those with overweight defined as a BMI > 25
kg/m?, and it considered interventions other than bariatric surgery, such as dietary changes and
increased physical activity. However, it highlighted the difficulties in definitively determining
whether the improvement in cognitive functions was due to weight loss itself or the other effects
of the interventions conducted [13].

The impact of intentional weight loss through reduced caloric intake was also studied in
individuals over the age of 60 with mild cognitive impairment. All participants had a BMI > 30
kg/m? and experienced an average weight loss of 1.7 kg/m? during the study. This was
associated with improvements in verbal memory tests, language, executive functions, and
global cognition [14]. A similar association between weight loss and improved cognitive
functions was observed in a study involving middle-aged and older adults without mild
cognitive impairment [15]. The studies conducted among children and adolescents with obesity
and overweight provide less substantial evidence. An analysis of 18 studies involving 2,384
participants considered various interventions aimed at weight loss, used either as standalone
methods or in combination with two methods, such as increased physical activity, healthy
lifestyle education, and dietary changes. Overall, it was demonstrated that treating obesity in
children and adolescents can positively impact academic achievements and cognitive abilities.
However, the authors emphasise that despite the large number of studies analysed, further
research is required to provide better evidence, as the quality of those from the current studies
is moderate to low [16].

The observed correlation between weight loss and improved cognitive functions encourages
further research to establish objective changes in the human body that could be the reason
behind these results. Important data has been provided by a literature review that includes

studies on functional and structural brain imaging in obese individuals both before and after



interventions leading to weight loss. Among other things, it has been shown that bariatric
surgery leads to improved functional and structural connectivity in prefrontal regions, resulting
in increased cognitive control and contributing to further weight loss. These changes are
secondary to alterations in hormonal regulation, with reduced ghrelin levels playing a leading
role by reducing cravings for high-calorie foods. The recovery of brain grey matter volume is
attributed to decreased levels of pro-inflammatory cytokines, while increases in brain white
matter volume are linked to remyelination. Lifestyle interventions have also made their mark.
A 12-month diet and increased physical activity program led to increased blood flow in
extensive brain regions, including the frontoparietal cortex and subcortical areas, as well as
numerous other detailed changes described in the study. Regarding pharmacological treatment,
it has been demonstrated that liraglutide and dapagliflozin therapy led to reduced brain activity
in the reward processing region, in structures such as the caudate, putamen, and insula [17].
The impact of weight loss on brain neuroimaging changes is established, but translating these
changes into improved cognitive function requires further research. Researchers in a study from
2023 sought a different mechanism of how obesity affects cognitive functions. They
demonstrated that treating obese mice with semaglutide and empagliflozin improved obesity-
induced spatial learning and memory impairments in these animals. The proposed mechanism
of this phenomenon was the increased phosphorylation of proteins CACNA1D, CACNAILA,
and CACNA1B in hippocampal cells, as shown in the study. These proteins are involved in
biological processes such as synaptic plasticity, neuronal projection development, and
axonogenesis. Additionally, it was found that a high-calorie diet led to reduced phosphorylation

of these proteins [18].

Possible mechanisms linking obesity with dementia and cognitive impairment

The relationship between obesity and cognitive impairment is complex and multifaceted,
involving various physiological, metabolic, and psychological mechanisms. We want to present
the three most studied potential mechanisms linking obesity to reduced cognitive function.
Other mechanisms mentioned in the literature include disturbances in microbiota composition,
behavioural abnormalities or epigenetic factors, however they are not sufficiently understood

and studied to unequivocally attribute a role in neurodegeneration to them.

Neuroinflammation
The literature has shown significant links between adipose tissue and the immune system, where

one of the most important is the association of the adipokines, leptin and adiponectin, with



stimulation and inhibition of immune responses, respectively. In this context, it is not surprising
that obesity includes an inflammatory component, which can be attributed a role in the
pathogenesis of its associated complications. Pathologically extended number of fat cells results
in systematically elevated concentration of proinflammatory cytokines such as interleukin-6
(IL-6), interleukin-1 beta (IL-1p), tumour necrosis factor alpha (TNF-a) . Chronic low-grade
inflammatory state contributes to an increase in blood-brain barrier permeability, allowing for
leukocyte extravasation and enabling entry for potential pathogens and substances toxic to
nerve tissue. Microglial cells, which in physiological conditions facilitate neuroprotection
through mediation of immune response, in the case of systemic inflammatory processes, can
transform into a reactive form, and stimulate an inflammatory response by releasing
proinflammatory cytokines [19]. Signalling molecules produced in excess during
neuroinflammation mediate pro-apoptotic pathways, suggesting that neuroinflammation may
also have a direct influence on neuronal death. [20]. These alterations lead to a vicious circle

and a decrease in cognitive abilities due to loss of neurons.

Mitochondrial Dysfunction

Another possible link between obesity and cognitive impairment is mitochondrial dysfunction.
Mitochondria are cell organelles preeminently responsible for the production of ATP, but they
are also involved in many other processes. They play a major role in cell signalling, such as
modulating apoptosis and inflammasome activation. It has been proven that obesity leads to
disruption of numerous mitochondrial processes, such as impairment of biogenesis, lowered
reactive oxygen species clearance or mitochondrial dynamics changes [21,22]. Because high
levels of mitochondrial metabolism are necessary for neuronal function, functional or structural
changes to the mitochondria have detrimental effects on neurons. The work of Johnson et al.
[23] shows that the aforementioned mitochondrial complications of obesity are clearly
correlated with neuronal dysfunction and play a role in the onset and progression of
neurodegenerative diseases. Another example of association can be presence of Donut-shaped
mitochondria in obese people, an early indicator for mitochondrial stress, which have been

identified to negatively correlate with synapse quantity in the brain [24].

Insulin Resistance
Obesity is associated with insulin resistance (IR), a condition that results in long-term systemic

hyperinsulinemia by impairing the effects of insulin on important target tissues. It leads to



reduced capacity for intracellular transport and glucose oxidation, glycogen synthesis and
lipolysis, contributing to further deterioration of metabolic function. Within the brain, insulin
plays a major role in the operation of areas responsible for memory and executive functions. It
appears that the prefrontal cortex, fusiform gyrus, striatal areas, and the hypothalamus, due to
higher insulin receptors density, are especially susceptible to obesity-related IR. In an article
by Willmann et al. [25], researchers revealed that insulin sensitivity was strongly linked to
cognitive functions, but no such relationship exists with blood glucose levels, cementing the
significant influence of IR. Individual studies have found short-term improvements in memory
and associative function after intranasal administration of insulin. The effect of insulin on the
phosphorylation of tau protein is also worth mentioning, in the context of the development of
Alzheimer's disease, where IR promoted this process, increasing the risk of this condition [26].

Conclusions

Studies indicate a complex relationship between obesity and cognitive function in different age
groups. In studies of older adults, being overweight is often associated with worse cognitive
test scores than individuals with normal body weight. Although there is a suggestion that
obesity in the elderly may offer a protective function against rapid cognitive decline. Among
younger people, such as adolescents, obesity is associated with poorer performance on tests of
cognitive function, indicating that obesity has negative effects on cognitive ability from a young
age. The research also indicates a positive change in cognitive functions following weight
reduction. This is especially promising given the recent breakthrough in obesity treatment
associated with the introduction of new medications like GLP-1 agonists into treatment. There
is a need for further research to better understand the complex relationship between obesity and
cognitive function. Attention should be paid to the use of accurate measurement methods and

to the variation of results according to age and obesity rates.

Conceptualization: Jakub Cecot, Pawet Jerczynski

Methodology: Mitosz Mandryk, Konrad Zarzecki

Software: Pawet Jerczynski

Check: Mitosz Mandryk,

Formal analysis: Dominika Dzik,

Investigation: Konrad Zarzecki, Mitosz Mandryk, Dominika Dzik, Matgorzata Piasta
Resources: Pawet Jerczynski

Data curation: Matgorzata Piasta

Writing - rough preparation: Jakub Cecot, Konrad Zarzecki



Writing - review and editing: Jakub Cecot, Konrad Zarzecki, Pawet Jerczynski, Mitosz
Mandryk, Dominika Dzik, Matgorzata Piasta

Visualization: Mitosz Mandryk

Supervision: Pawet Jerczynski

Project administration: Konrad Zarzecki, Matgorzata Piasta

All authors have read and agreed with the published version of the manuscript.

Funding Statement: The study did not receive funding.
Institutional review board statement: Non applicable.
Informed consent statement: Non applicable.

Data availability statement: Non applicable.

Conflict of interest: The authors declare no conflict of interest.

References:

1.

Obesity and overweight. Accessed July 21, 2024. https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight

Ansari, S., Haboubi, H., Haboubi, N. Adult obesity complications: Challenges and clinical
impact. Therapeutic Advances in Endocrinology and Metabolism, 2020; 11,
2042018820934955. https://doi.org/10.1177/2042018820934955

Lindeza, P., Rodrigues, M., Costa, J., Guerreiro, M., Rosa, M. M. Impact of dementia on
informal care: A systematic review of family caregivers’ perceptions. BMJ Supportive &
Palliative Care, 2020; bmjspcare-2020-002242. https://doi.org/10.1136/bmjspcare-2020-
002242

Prince, M., Wimo, A., Guerchet, M., Ali, G.-C., Wu, Y.-T., Prina, M. World Alzheimer Report
2015. The Global Impact of Dementia: An analysis of prevalence, incidence, cost and trends.
[Report, Alzheimer’s Disease International]. https://unilim.hal.science/hal-03495438

Dye, L., Boyle, N. B., Champ, C., Lawton, C. The relationship between obesity and cognitive
health and decline. The Proceedings of the Nutrition Society, 2017; 76(4), 443-454.
https://doi.org/10.1017/S0029665117002014

Tang, X., Zhao, W., Lu, M., Zhang, X., Zhang, P., Xin, Z., et al. Relationship between Central
Obesity and the incidence of Cognitive Impairment and Dementia from Cohort Studies
Involving 5,060,687 Participants. Neuroscience and Biobehavioral Reviews, 2021; 130, 301—

313. https://doi.org/10.1016/j.neubiorev.2021.08.028

10


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1177/2042018820934955
https://doi.org/10.1136/bmjspcare-2020-002242
https://doi.org/10.1136/bmjspcare-2020-002242
https://unilim.hal.science/hal-03495438
https://doi.org/10.1017/S0029665117002014
https://doi.org/10.1016/j.neubiorev.2021.08.028

10.

11.

12.

13.

14.

Lee, C. M., Woodward, M., Batty, G. D., Beiser, A. S., Bell, S., Berr, C., et al. Association of
anthropometry and weight change with risk of dementia and its major subtypes: A meta-
analysis consisting 2.8 million adults with 57 294 cases of dementia. Obesity Reviews: An
Official Journal of the International Association for the Study of Obesity, 2020; 21(4), €12989.
https://doi.org/10.1111/0br.12989

Zhao, X., Yu, J., Zhou, Z. Separate and combined associations of obesity and handgrip
strength with cognitive function in older adults: A national cross-sectional study in China.
Journal of Sports Sciences, 2024; 42(2), 109-115.
https://doi.org/10.1080/02640414.2024.2321420

Meo, S. A., Altuwaym, A. A., Alfallaj, R. M., Alduraibi, K. A., Alhamoudi, A. M., Alghamdi,
S. M., et al. Effect of Obesity on Cognitive Function among School Adolescents: A Cross-
Sectional Study. Obesity Facts, 2019; 12(2), 150-156. https://doi.org/10.1159/000499386
Gunstad, J., Lhotsky, A., Wendell, C. R., Ferrucci, L., Zonderman, A. B. Longitudinal
examination of obesity and cognitive function: Results from the Baltimore longitudinal study
of aging. Neuroepidemiology, 2010; 34(4), 222-229. https://doi.org/10.1159/000297742
Huang, S.-H., Chen, S.-C., Geng, J.-H., Wu, D.-W., Li, C.-H. Metabolic Syndrome and High-
Obesity-Related Indices Are Associated with Poor Cognitive Function in a Large Taiwanese
Population Study Older than 60 Years. Nutrients, 2022; 14(8), Article 8.
https://doi.org/10.3390/nu14081535

Tao, B., Tian, P., Hao, Z., Qi, Z., Zhang, J., Liu, J., et al. Bariatric Surgery Improves
Cognition Function in the Patients with Obesity: A Meta-Analysis. Obesity Surgery, 2024;
34(3), 1004-1017. https://doi.org/10.1007/s11695-024-07086-8

Weight loss is associated with improvements in cognitive function among overweight and
obese people: A systematic review and meta-analysis. Neuroscience & Biobehavioral
Reviews, 2017; 72, 87-94. https://doi.org/10.1016/j.neubiorev.2016.11.017

Horie, N. C., Serrao, V. T., Simon, S. S., Gascon, M. R. P., dos Santos, A. X., Zambone, M.,

et al. Cognitive Effects of Intentional Weight Loss in Elderly Obese Individuals With Mild

11


https://doi.org/10.1111/obr.12989
https://doi.org/10.1080/02640414.2024.2321420
https://doi.org/10.1159/000499386
https://doi.org/10.1159/000297742
https://doi.org/10.3390/nu14081535
https://doi.org/10.1007/s11695-024-07086-8
https://doi.org/10.1016/j.neubiorev.2016.11.017

15.

16.

17.

18.

19.

20.

21.

Cognitive Impairment. The Journal of Clinical Endocrinology & Metabolism, 2016; 101(3),
1104-1112. https://doi.org/10.1210/jc.2015-2315

Siervo, M., Nasti, G., Stephan, B. C. M., Papa, A., Muscariello, E., Wells, J. C. K., et al.
Effects of Intentional Weight Loss on Physical and Cognitive Function in Middle-Aged and
Older Obese Participants: A Pilot Study. Journal of the American College of Nutrition, 2012;
31(2), 79-86. https://doi.org/10.1080/07315724.2012.10720012

Martin, A., Booth, J. N., Laird, Y., Sproule, J., Reilly, J. J., Saunders, D. H. Physical activity,
diet and other behavioural interventions for improving cognition and school achievement in
children and adolescents with obesity or overweight. Cochrane Database of Systematic
Reviews, 2018; 1. https://doi.org/10.1002/14651858.CD009728.pub3

Li, G., Hu, Y., Zhang, W., Wang, J., Ji, W., Manza, P., et al. Brain functional and structural
magnetic resonance imaging of obesity and weight loss interventions. Molecular Psychiatry,
2023; 28(4), 1466-1479. https://doi.org/10.1038/s41380-023-02025-y

Chen, X., Chen, S,, Li, Z., Zhu, R., Jia, Z., Ban, J., et al. Effect of semaglutide and
empagliflozin on cognitive function and hippocampal phosphoproteomic in obese mice.
Frontiers in Pharmacology, 2023;14. https://doi.org/10.3389/fphar.2023.975830

Heredia, F. P. de, Gomez-Martinez, S., Marcos, A. Obesity, inflammation and the immune
system. Proceedings of the Nutrition Society, 2012; 71(2), 332-338.
https://doi.org/10.1017/S0029665112000092

de Paula, G. C., Brunetta, H. S., Engel, D. F., Gaspar, J. M., Velloso, L. A., Engblom, D., et
al. Hippocampal Function Is Impaired by a Short-Term High-Fat Diet in Mice: Increased
Blood-Brain Barrier Permeability and Neuroinflammation as Triggering Events. Frontiers in
Neuroscience, 2021; 15. https://doi.org/10.3389/fnins.2021.734158

Fernandez-Sanchez, A., Madrigal-Santillan, E., Bautista, M., Esquivel-Soto, J., Morales-
Gonzalez, A., Esquivel-Chirino, C., et al. Inflammation, Oxidative Stress, and Obesity.
International Journal of Molecular Sciences, 2011; 12(5), Article 5.

https://doi.org/10.3390/ijms12053117

12


https://doi.org/10.1210/jc.2015-2315
https://doi.org/10.1080/07315724.2012.10720012
https://doi.org/10.1002/14651858.CD009728.pub3
https://doi.org/10.1038/s41380-023-02025-y
https://doi.org/10.3389/fphar.2023.975830
https://doi.org/10.1017/S0029665112000092
https://doi.org/10.3389/fnins.2021.734158
https://doi.org/10.3390/ijms12053117

22.

23.

24.

25.

26.

De Mello, A. H., Costa, A. B, Engel, J. D. G., Rezin, G. T. Mitochondrial dysfunction in
obesity. Life Sciences, 2018; 192, 26-32. https://doi.org/10.1016/j.1fs.2017.11.019
Johnson, J., Mercado-Ayon, E., Mercado-Ayon, Y., Dong, Y. N., Halawani, S., Ngaba, L.
Mitochondrial dysfunction in the development and progression of neurodegenerative diseases.
Archives of Biochemistry and Biophysics, 2021; 702, 108698.
https://doi.org/10.1016/j.abb.2020.108698

Jenkins, B. C., Neikirk, K., Katti, P., Claypool, S. M., Kirabo, A., McReynolds, M. R., et al.
Mitochondria in disease: Changes in shapes and dynamics. Trends in Biochemical Sciences,
2024; 49(4), 346-360. https://doi.org/10.1016/j.tibs.2024.01.011

Willmann, C., Brockmann, K., Wagner, R., Kullmann, S., Preissl, H., Schnauder, G., et al.
Insulin sensitivity predicts cognitive decline in individuals with prediabetes. BMJ Open
Diabetes Research & Care, 2020; 8(2), e001741. https://doi.org/10.1136/bmjdrc-2020-
001741

Barber, T. M., Kyrou, |., Randeva, H. S., & Weickert, M. O.. Mechanisms of Insulin
Resistance at the Crossroad of Obesity with Associated Metabolic Abnormalities and
Cognitive Dysfunction. International Journal of Molecular Sciences. 2021; 22(2), Article 2.

https://doi.org/10.3390/ijms22020546

13


https://doi.org/10.1016/j.lfs.2017.11.019
https://doi.org/10.1016/j.abb.2020.108698
https://doi.org/10.1016/j.tibs.2024.01.011
https://doi.org/10.1136/bmjdrc-2020-001741
https://doi.org/10.1136/bmjdrc-2020-001741
https://doi.org/10.3390/ijms22020546

