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Abstract:

Alzheimer’s Disease (AD) is a neurodegenerative disorder marked by the accumulation of amyloid plaques
and tau neurofibrillary tangles in the brain. It is known to be caused by a variety of risk factors, both
modifiable and non-modifiable. This systematic review investigates obesity as a modifiable risk factor for
AD, focusing on inflammatory pathways linking the two conditions. This review was performed following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. We
searched five databases (PubMed, Cochrane Library, Scopus, ScienceDirect, and Directory of Open Access
Journals (DOAJ)) for human studies published in English language in the last 10 years. Following full text
analysis and quality assessment, 23 studies were included in the review. We found that obesity induces a state
of neuroinflammation through blood-brain barrier and choroid plexus disruptions, adipokine dysregulation,
and mitochondrial dysfunction, leading to the development or progression of AD. We also identified nine
proteins namely, CHI3L1, PTP1B, GDF15, MMP9, PECAMI1, C3ARI1, IL1R1, PPARGCl0a, and COQ3 as
potential biomarkers that may serve as therapeutic targets to delay AD onset or progression. These findings
underscore the importance of targeting obesity-related inflammation in AD prevention strategies.
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1.Introduction

Dementia is a syndrome that can be caused by a number of diseases which
over time destroy nerve cells and damage the brain, typically leading to
deterioration in cognitive function beyond what might be expected from
the usual consequences of biological ageing. In 2021, 57 million people
had dementia worldwide, over 60% of whom live in low-and middle-
income countries. Every year, there are nearly 10 million new cases.
Alzheimer’s disease is the most common form and may contribute to 60—
70% of cases [1]. Alzheimer's disease is thought to be caused by the
abnormal build-up of proteins in and around brain cells. One of the
proteins involved is called amyloid, deposits of which form plaques
around brain cells. The other protein is called tau, deposits of which form

tangles within brain cells [2]. According to data from the Centers for
Disease Control and Prevention (CDC), 122,019 people died from
Alzheimer's disease in 2018, the latest year for which data are available
[3]. A third of Alzheimer's disease cases worldwide might be attributable
to potentially modifiable risk factors [4]. The modifiable risk factors
include low educational attainment, hypertension, hearing impairment,
smoking, obesity, depression, physical inactivity, diabetes, low social
contact, excessive alcohol consumption, traumatic brain injury (TBI), and
air pollution [5]. More recently, growing attention is being given to the
impact of obesity on CNS function, as accumulating evidence indicates a
higher incidence of neurological disorders in the obese population [6].
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Adipocytes release numerous hormones, inflammatory mediators, and
immune system effectors into the bloodstream [7]. The expansion and
dysregulation of adipose tissue led to phenotypic shifts in its cellular
populations, thereby establishing a chronic low- grade inflammatory
environment that is characteristic of obesity [8]. The role of inflammatory
pathways associated with obesity in causing neurodegeneration is
currently understudied.

This review aims to systematically evaluate the evidence for an
association between obesity-induced inflammation and the risk of
developing Alzheimer’s disease in adults.

2. Methods
2.1 Study Design

A meticulous review was done to assess the risk of development of
Alzheimer’s Disease due to obesity-induced inflammation following the

Page 2 of 10

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations [9].

2.2 Search Strategy of Databases

A literature search was conducted across five electronic databases:
PubMed, Cochrane Library, Scopus, ScienceDirect, and Directory of
Open Access Journals (DOAJ). The search strategy employed combined
the keywords: “Alzheimer’s disease”, “obesity”, and “inflammation”
using Boolean operators and subject-specific terms to identify relevant
studies published within the last 10 years. The search methodology was
modified in accordance with the specific criteria of each database,
including the use of MeSH terms to find relevant results on PubMed.
Table 1 details the search strategy used and the results retrieved before
and after the application of suitable filters in each database.

Search Search Result
Database Keywords Search Strategy Result before Filters after Filter
Filter
(("Alzheimer  Disease/chemically
induced"[Mesh] OR "Alzheimer
Disease/complications” [Mesh] OR
"Alzheimer Disease/diet
therapy"[Mesh] OR "Alzheimer
Disease/epidemiology" [Mesh] OR
"Alzheimer Disease/etiology"[Mesh]
OR " Alzheimer
Disease/immunology" [Mesh] OR
"Alzheimer  Disease/metabolism"
[Mesh] OR "Alzheimer
Disease/physiopathology" [Mesh]))
AND
("Obesity/blood"[Mesh] OR Last 10 years,
"Obesity/chemically Humans, English,
induced"[Mesh] OR Middle  Aged+
Alzheimer’s, "Obesity/complications"  [Mesh] Age d:45+
PubMed obesity, OR "Obesity/diet therapy"[Mesh] [288 years 35
inflammation OR "Obesity/etiology"[Mesh] OR
"Obesity/immunology" [Mesh] OR
"Obesity/metabolism" [Mesh] OR
"Obesity/pathology"[Mesh] OR
"Obesity/physiopathology" [Mesh])
ScienceDirect | Alzheimer’s, “Alzheimer’s Disease” AND Last 10 years
obesity “Obesity Induced 120 98
Inflammation”
Last 10 years,
Filter by
keyword:
[Alzheimer
“Alzheimer’s Disease” AND disease,
SCOPUS Alzheimer’s, “Obesity” AND 1674 lhuman, 1260
obesity “Inflammation” obesity,
inflammation
[English
Last 10 years,
Cochrane Alzheimer’s, “Alzheimer’s disease” AND 117 English 94
obesity “Obesity"
Alzheimer’s, “Alzheimer’s Disease” AND Last 10 years
DOAJ obesity “Obesity" AND 116 110
"Inflammation”

Table 1: Search Strategy used for each Database and articles identified

2.3 Inclusion and Exclusion Criteria

Studies were eligible for inclusion if they investigated the potential
association between Alzheimer’s disease, obesity, and inflammation.
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Only studies involving human populations and articles published in
English were considered. The patient population under study included
adult patients >40 years of age with overweight/obesity or obesity as a
component of metabolic syndrome. The intervention was inflammation
induced by obesity. The primary outcome was the development of
Alzheimer’s disease. Exclusion criteria included papers published over 10
years, pediatric and adolescent studies, and animal studies. No restrictions
were placed on study design; all types of empirical research studies were
considered, including randomized controlled trials (RCTs), cohort
studies, case-control studies, cross-sectional studies, and other relevant
observational or interventional designs. Non-empirical publications such
as editorials, opinion pieces, commentaries, and conference abstracts
were excluded.

2.4 Data Collection and Quality Appraisal

Two researchers independently extracted data based on the inclusion and
exclusion criteria. Full-text articles were thoroughly analyzed, with
discrepancies resolved through discussion and consensus.

The quality assessment tools used during the process are: Newcastle-
Ottawa Scale (NOS) for case-control and cohort studies, Appraisal Tool
for Cross-Sectional Studies (AXIS) for cross-sectional studies, Scale for
Assessment of Narrative Reviews Appraisal (SANRA) for narrative
reviews, and Strengthening the Reporting of Observational Studies in
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Epidemiology (STROBE)/ Strengthening the Reporting of Genetic
Association Studies (STREGA) for Integrative transcriptome-wide
association study. Mixed human-animal studies were evaluated solely on
human data. The risk of bias was assessed using the appropriate quality
assessment tools for each study design group, and findings are shown in
Table 2.

3. Results
3.1 Study Selection

In total, 1597 records were retrieved by the preliminary search of the five
databases. The citations were exported to EndNote, and 35 duplicate
records were removed using EndNote’s automated duplicate removal tool
and manually. 1562 studies remained for screening. After meticulous
screening of titles and abstracts, 1328 papers were deemed ineligible and
thus excluded. 234 studies were retrieved for full-text screening. 17
articles were excluded due to inability to retrieve full text. 217 articles
were then assessed for eligibility, of which 194 articles were excluded for
a variety of reasons as documented in the PRISMA flow diagram [10]
below. Finally, 23 articles were included in this systematic review since
they satisfied all inclusion criteria and passed the quality appraisal. A
PRISMA flow diagram with the results of the literature review is shown
in Figure 1.
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Figure 1: PRISMA Flowchart showing article selection process

Two cohort studies and a case-control study were appraised using NOS
and were included in our study. Similarly, five cross sectional studies
were appraised using AXIS and all were included after thorough quality
assessment. A combination of STROBE and STREGA was used for a

trancriptome wide association study and was scored as having a moderate
risk of bias and included in our study. Out of the 19 narrative reviews, 14
were included in our study and 5 were excluded after being scored as
having a high risk of bias. This data is depicted in Table 2.
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Quality Assessment Low Risk of |Moderate Risk of| High Risk of

Study Design Total (n) Tool Used Bias (n) Bias(n) Bias (n)
Cohort 2 NOS 1 1 0
Case-control 1 NOS 1 0 0
Cross-sectional 5 AXIS 4 1 0
[ntegrative transcriptome- STROBE/

wide association study 1 STREGA 0 1 0
[Narrative reviews 19 SANRA 5 9 5

Table 2: Quality Appraisal done for different groups of studies
3.2 Basal Characteristics of Eligible Studies

A total of 23 studies were included in this review, with the mean age of the study population being 56.4 years. The basal characteristics of the
included studies are detailed below in Table 3.

[Author (Year)

Country

Study Design

Key Conclusion

Ali et al. (2024) [11]

Germany

Narrative Review

exacerbates

Metabolic syndrome
i inflammatory

Alzheimer's via
mechanisms.

Alisch et al. (2022) [12]

USA

Cross-Sectional

Choroid plexus volume correlates with
adiposity in midlife adults.

Anagnostakis et al.
(2025) [13]

USA

Cross-Sectional

Higher BMI states are associated with
faster brain ageing and increased AD-like
brain atrophy, particularly in males, while
females with normal-weight showed more
pronounced brain ageing and AD-like
brain atrophy than males with normal-
weight males. Second, proteomic analysis
revealed 20 proteins postulated to be
implicated in the pathophysiological
mechanism of brain ageing and AD-like
brain atrophy.

Bazzari et al., (2023) [14]

Jordan

Narrative Review

Non-genetic  risk  factors  (obesity,
hypertension) contribute to dementia.

Bednarska-Makaruk et al.

(2017) [15]

Poland

Case-Control

Dementia of neurodegenerative origin
(Alzheimer’s  disease and mixed
dementia) is characterized by elevated
levels of adiponectin

Borshchev et al. (2019) [16]

Russia

[Narrative Review

Adipokine imbalance is currently viewed
as an important mechanism involved in
cognitive dysfunction in obesity, while
normalization of altered leptin and
adiponectin signaling in the brain is
emerging as one of the valid targets for
prevention and treatment of dementia.

Corlier et al. (2018) [17]

USA

Cohort

Midlife metabolic syndrome predicts
Alzheimer's pathology progression.

Costache et al. (2023) [18]

Romania

[Narrative Review

Obesity-related inflammation may be
associated with earlier Alzheimer's onset.

De A. Boleti et al.(2023)[19]

Brazil

[Narrative Review

Obesity, insulin  resistance, and
dyslipidemia converge in an
inflammatory  process, neurological
dysfunction, and neurodegeneration.

Dyken et al. (2018) [20]

Canada

Narrative Review

Metabolic syndrome disrupts blood-brain
barrier integrity.

[Emmerzaal et al. (2015) [21]

[USA

Cohort

In midlife, increased BMI has been
shown to be a risk factor for dementia and
AD, whereas this is not, or to a lesser
extent, observed in later life.

Fontana et al. (2021) [22]

USA

Narrative Review

Caloric restriction reduces
neuroinflammation in adults >40y.

[Forny-Germano et al. (2019)
23]

Brazil

[Narrative Review

Dysregulated adiponectin and leptin
signaling may mediate
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the detrimental impact of obesity on CNS
and raise the risk for cognitive decline
and AD.

Ge et al. (2024) [24] China Cross-Sectional considered a core feature  of

PTPIB levels are increased in the
forebrain of patients with
neurodegenerative disease, and also
increased in the serum of obese
individuals who have increased white
matter and cerebrospinal fluid volumes.
White  matter  abnormalities  are

neurodegeneration.

Higher leptin-to- adiponectin ratio(LAR)
was significantly associated with CRP
and HOMA-IR. In addition, LAR was
associated with increased odds of AD,
and its estimated risk was higher than that
associated with either leptin or

Ha et al. (2023) [25] South Korea Cross-Sectional adiponectin levels alone.

Chronic inflammation bridges obesity-
Khan et al. (2020) [26] [USA [Narrative Review diabetes-Alzheimer's triad.

Increased inflammation/immune

Integrative transcriptome-wide] in obesity might be an essential
Li et al. (2022) [27] China association study susceptible factor for AD.

response and mitochondrial dysfunction

Ly et al. (2021) [28] [USA Cross-Sectional understanding of

This study builds upon a growing

obesity brain dysfunction by establishing
a relationship between white matter
extracellular water as a proxy of
neuroinflammation and obesity as
measured by BMI. Additionally, this
work also links obesity related white
matter edema with volume loss in the
hippocampus.

Marino et al. (2025) [29] [taly [Narrative Review extends to CNS.

Mitochondrial dysfunction in obesity

[Marrano et al. (2023) [30] [taly [Narrative Review Alzheimer's crosstalk.

Cellular lipotoxicity mediates diabetes-

Mekhora et al. (2024) [31] Thailand [Narrative Review association with cognitive decline.

In the context of humans, either acute or
chronic inflammatory status showed an

Neto et al. (2023) [32] Portugal Narrative Review diseases.

Obesity  impacts  neurodegenerative
disorders through shared underlying
mechanisms, underscoring its potential
as a modifiable risk factor for these

Vinuesa et al. (2021) [33] Argentina Narrative Review neurodegeneration.

Insulin  resistance and  chronic
inflammation  are  two  synergic
phenomena underlying the pathogenesis
of metabolic diseases as well as the
development of the wide variety of
associated disorders, including AD-like

Table 3: Basal Characteristics of Eligible Studies

4. Discussion
4.1 Pathophysiology of Alzheimer’s Disease

Alzheimer disease is characterized by gradual and progressive
neurodegeneration caused by neuronal cell death. The neurodegenerative
process typically begins in the entorhinal cortex within the hippocampus
[34].

The 2 pathologic hallmarks of Alzheimer disease are

o Extracellular beta-amyloid deposits (in neuritic plaques)
o Intracellular neurofibrillary tangles (paired helical filaments)

The beta-amyloid deposition and neurofibrillary tangles lead to loss of
synapses and neurons, which results in gross atrophy of the affected areas
of the brain, typically starting at the mesial temporal lobe. The amyloid
hypothesis posits that progressive accumulation of beta- amyloid in the
brain triggers a complex cascade of events ending in neuronal cell death,
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loss of neuronal synapses, and progressive neurotransmitter deficits; all
of these effects contribute to the clinical symptoms of dementia [35]. A
sustained immune response and inflammation have been observed in the
brain of patients with Alzheimer disease. Some experts have proposed
that inflammation is the third core pathologic feature of Alzheimer disease
[36]. Unlike other risk factors and genetic causes of AD,
neuroinflammation is not typically thought to be causal on its own but
rather a result of one or more of the other AD pathologies or risk factors
associated with AD and serves to increase the severity of the disease by
exacerbating -amyloid and tau pathologies [37],[38]. Prior literature has
suggested multiple risk factors that contribute to at least 50% of AD risk
[39]. Chief among modifiable risk factors is having excess body tissue
adiposity, characterized as being overweight and obese, an increasingly
pervasive public health problem projected to affect 85% of the U.S. and
58% of the global population by 2030[40]. The increase in adipocytes in
obesity triggers adipocyte differentiation in a process called adipogenesis,
in which pro-inflammatory mediators or adipokines are generated (leptin,
adiponectin, resistin, TNF-a, IL-1B, -6 and -8, insulin-like growth factor
1, monocyte chemoattractant protein- 1, and visfatin) [41]. This systematic
review aims to identify evidence of an association between obesity and
risk of development or progression of Alzheimer’s disease through
inflammatory mechanisms.

4.2 Obesity and Alzheimer’s Disease:

Changes in Choroid Plexus and Cerebrospinal Fluid White matter
vasogenic edema is a promising marker of neuroinflammation that may
offer a mechanism for the effects of obesity on brain structure [42],[43].
A study conducted by Ly et al [28] in 104 participants(42 normal weight
controls with mean BMI=22.7+1.9, mean age= 63.0+7.7 years, and 62
overweight or obese individuals with mean BMI=29.94+3.5, mean age=
61.3+£7.9 years) aimed to quantify patterns of neuroinflammation within
cognitively normal, middle- to older-aged individuals as a function of
elevated body mass index (BMI). The study evaluated whether
neuroinflammation imaging (NII) derived edema fraction in the white
matter tracts varied in individuals as a function of normal or increased
BMI. They then related white matter tract neuroinflammatory edema to
hippocampal volumes, as well as CSF biomarkers of neurodegeneration
and neuroinflammation. The study demonstrated statistically significant
relationships  between neuroinflammation, elevated BMI, and
hippocampal volume, raising implications for neuroinflammation
mechanisms of obesity-related brain dysfunction in cognitively normal
elderly [28]. Implicated in mediating the neuroinflammatory effects of
obesity is the choroid plexus (CP) [44—46], a critical cerebral structure
necessary for cerebrospinal fluid (CSF) production. A study conducted by
Alisch et al [12] aimed to elucidate the relationship between lateral
ventricle (LV) volume, CP volume, and CP microstructure, which was
assessed using T1, T2(longitudinal and transverse relaxation times) or
mean diffusivity (MD), and BMI or WC, as measures of obesity. The final
cohort consisted of 123 cognitively unimpaired volunteers ranging in age
from 21 to 94 years (55.0 + 20.5 years), of which 65 were men (56.0 +
21.5 years) and 58 were women (54.0 + 19.6 years). The cohort consisted
of 56 lean participants (BMI < 25), 50 overweight participants (25 < BMI
< 30), and 17 participants with obesity. The study found a modest
difference in MD values and a significant difference in T1 values between
obese and lean participants after correcting for age, sex, and ethnicity,
with MD and T1 exhibiting higher values with WC. Stratification by the
BMI cutoff revealed significant differences in T1 and MD between obese
and overweight individuals. The study concluded that obesity may
represent a modifiable risk factor for disruption of CP structure [12],
resulting in neuroinflammation.

4.3 Obesity and Alzheimer’s Disease:

Changes in Cortical Thickness Another study by Corlier et al [17] used
brain magnetic resonance imaging (MRI) to scan 335 older adult humans
(mean age 77.3 £ 3.4 years) who remained non-demented for the duration
of the 9-year longitudinal study and measured baseline CRP levels. The
study found that higher metabolic risk (derived from body mass index,
serum insulin, and plasma triglyceride levels) was associated with higher
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peripheral CRP, which was in turn associated with thinner cortex [17], a
finding suggestive of neurodegenerative diseases like Alzheimer disease.

4.4 Biomarkers in Alzheimer’s Disease

A study by Anagnostakis et al [13] sought to evaluate machine learning
(ML)-based neuroimaging markers of brain age and AD-like brain
atrophy in participants with obesity or overweight without diagnosed
cognitive impairment (WODCI), in a study of 46,288 participants in 15
studies (the Imaging-Based Coordinate System for Aging and
Neurodegenerative Diseases (iISTAGING) consortium). They also
assessed the association between cognition, serum proteins, and brain
ageing indices. Of the 46,288 participants, 24,897 were females and
21,391 were males, with a mean age of 64.33 years (SD = 8.13) and a
mean BMI of 26.81 kg/m2 (SD = 4.49). The study found that the impact
of obesity on brain ageing, and AD-like brain atrophy is more pronounced
in males than in females, and its effects are weaker with increasing age.
Moreover, higher BMI states are linked to accelerated brain ageing and
AD-like brain atrophy, especially in males, whereas females with normal-
weight exhibited greater brain ageing and AD-like brain atrophy
compared to their male counterparts with normal-weight. Proteomic
investigations of two time-points revealed five proteins that are associated
positively with both brain ageing and BMI i.e., LY96, GDF15, PIGR,
CHI3L1, and OXT [13]. GDF15, a cytokine in the transforming growth
factor B superfamily, is linked to decreased brain volume in Alzheimer's-
affected regions [47]. Elevated in inflammatory states, GDF15 poses a
high risk for AD-like brain atrophy patterns [48],[49]. Similarly, CHI3L1
is an inflammatory marker increased in obesity and diabetes and related
to insulin resistance; it has been frequently investigated in body fluids as
a surrogate marker of neuroinflammation in AD [50]. Adipokines are
secreted factors which carry regulatory signals from adipose tissue
through systemic circulation to control a wide range of physiological
functions throughout the human body. Dysregulated adiponectin and
leptin signaling may mediate the detrimental impact of obesity on CNS
and raise the risk for cognitive decline and AD [23]. A study was
conducted by Bednarska-Makaruk et al [15] in 425 subjects. 89 patients
with mean age 72.8 + 8.13 years were diagnosed with probable
Alzheimer’s disease and the mean age for 107 age- matched controls was
71.3 + 7.95 years. Serum adiponectin, leptin and resistin levels were
measured. The study found that significantly higher levels of leptin were
associated with the presence of abdominal obesity in all investigated
groups. The study also demonstrated a positive correlation of leptin with
some pro-inflammatory indices IL-6 and hsCRP and negative correlation
with HDL cholesterol considered as a negative indicator of inflammation.
The study also showed positive correlation of resistin with inflammatory
indicators (interleukin-6 and CRP) and a negative correlation with anti-
inflammatory markers (HDL-C and PONI1 activity) in all dementia
patients. The study also found a significantly lower level of adiponectin
was associated with the presence of abdominal obesity [15]. This study
correlates with a study conducted by Ha et al [25] in which 171
participants were enrolled and divided into participants with obesity and
without obesity to explore the effect of obesity on the relationship
between adipokines and cognition. All the participants were aged 52-95
and the mean age of participants was 74.30 + 6.63 years and divided into
two groups as without obesity (BMI < 25 kg/m2) and with obesity (BMI
> 25 kg/m2). The study found that cognitive function was negatively
associated with leptin levels and leptin-to-adiponectin ratio (LAR). Such
correlations between leptin and cognitive domains were prominent in
participants with obesity but were not observed in those without obesity.
Leptin levels were associated with lower hippocampal volumes in
participants with obesity. A significant interaction of leptin and obesity
was found mostly in the medial temporal lobe. Both leptin and LAR were
positively associated with insulin resistance and inflammation markers in
all participants. Of note, LAR was associated with a higher risk of AD
after adjusting for demographic variables, Apolipoprotein E genotype,
and body mass index [25]. Restoring proper leptin and adiponectin
signaling in the brain may constitute beneficial, disease-modifying
therapeutic interventions [23] in AD. Protein-tyrosine phosphatase 1B
(PTP1B), a key inhibitor of signaling pathways for synaptogenesis, is
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overexpressed by proinflammatory cytokines, such as TNF-a [51].
PTP1B gene and protein expression are remarkably higher in peripheral
metabolic tissues, including liver and adipose tissues of obese, insulin-
resistant, or diabetic humans [52], [53], [54], [S1]. A study conducted by
Ge et al [24] investigated PTPIB levels in the serum and forebrain of
obese individuals and neurodegenerative diseases patients, with further
analysis of the correlations of PTP1B with cognition. Seventy-one
patients with type 2 diabetes, thirty-six obese individuals (BMI=31.01 +
2.85 kg/m2) (19 male and 17 female) and thirty-five age- and sex-matched
lean controls (BMI =22.19 + 1.41 kg/m2) (21 male and 14 female), were
recruited. The study reported that PTPIB levels were significantly
increased in the serum of obese subjects and PTPIB levels were
correlated with cognitive decline accompanied by enhanced white matter
and cerebrospinal fluid volumes in obese humans [24]. These changes in
the cerebrospinal fluid volumes correlates with the CP volumes in obese
individuals in the study conducted by Alisch et al [12].

4.5 Obesity and Alzheimer’s Disease: Mitochondrial Dysfunction

Marino et al [29] concluded in their study that although the exact
underlying mechanisms remain unclear, it has been hypothesized that the
adipose tissue dysfunction that occurs in obesity leads to systemic
inflammation and to the alteration of the BBB resulting in
neuroinflammation and cognitive decline. In this scenario, mitochondrial
dysfunction plays a crucial role [29]. Obesity consistently results in
mitochondrial ~dysfunction [55]. Meanwhile, the mitochondrial
impairment of obesity is able to stimulate the production of reactive ROS
further to promote inflammation, thereby accelerating Alzheimer’s
disease progression [56]. Therefore, bioactive compounds that enhance
mitochondrial function and eliminate excess ROS can be used to treat
NDDs [29]. Li et al [27] in their study illustrated the possible mechanism
of AD secondary to obesity (OB) via novel bioinformatic tools and
approaches. It was revealed that the increased inflammation/immune
response and mitochondrial dysfunction in OB might be an essential
susceptible factor for AD and identified novel gene candidates (MMP9,
PECAMI, C3ARI, IL1R1, PPARGCl10, and COQ?3) that could be used
as biomarkers or as potential therapeutic targets [27].

4.6 Obesity and Alzheimer’s Disease: Age Discrepancy

Although many studies show the association between late-life obesity and
Alzheimer’s disease, a decade of research (2003—-2013) by Emmerzaal et
al [21] investigating the association between AD, dementia, and BMI has
yielded a general picture of how this risk relationship may change over
the life course from mid- to late-life. They concluded that in midlife,
increased BMI has been shown to be a risk factor for dementia and AD,
whereas this is not, or to a lesser extent, observed in later life [21].

5. Limitations

To maximize inclusivity of relevant evidence, narrative reviews were
appraised using a lenient application of the modified SANRA criteria,
while primary analysis focused on the 9 included empirical studies. This
approach has several limitations which are: The observational nature of
most included studies precludes causal conclusions; Heterogeneous
definitions of both obesity (varying BMI/WC thresholds) and
inflammation markers across studies may affect comparability; and while
lenient SANRA evaluation allowed broader consideration of theoretical
frameworks from narrative reviews, these were only used to bridge
literature gaps and were not included in quantitative synthesis to maintain
methodological rigor.

6. Conclusion

This systematic review elucidates obesity-induced neuroinflammation as
a critical pathway in Alzheimer's disease (AD) pathogenesis. Analysis of
9 empirical studies revealed: Inflammatory markers like CRP, and IL-6
in obesity show stronger associations with AD neuroimaging, suggesting
blood-brain barrier disruption as a key mechanism; Adipokine
dysregulation (leptin resistance, reduced adiponectin) mediates cognitive
decline; Choroid plexus structural changes and CSF proteomic signatures
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like GDF15, CHI3L1, and PTP1B emerge as promising biomarkers for
early AD detection in obese populations; and Mitochondrial dysfunction
occurs due to elevated ROS in obesity and novel gene candidates like
MMP9, PECAMI, C3ARI, ILIR1, PPARGCla, and COQ3 could be
used as biomarkers in AD and for potential therapeutic targeting. These
findings position obesity-related inflammation as a modifiable risk factor
and identify targeted anti-inflammatory strategies as potential
interventions to delay AD progression. The urgent need for clinical
translation is underscored by the growing global burden of both obesity
and AD, coupled with the absence of current therapies targeting this
mechanistic intersection. Future research should prioritize randomized
controlled trials that evaluate whether metabolic interventions can delay
AD onset or progression in high-risk obese populations.

Funding

This research received no external funding.
Conflict Of Interest

The authors declare no conflict of interest.
Data Availability Statement

No new data was generated in this study. This is a systematic review of
existing published literature.

References

1. World Health Organization. Dementia [Internet]. Geneva:
WHO; 2023 [cited 2025 Jul 6].

2. NHS. Alzheimer's disease — Causes [Internet]. London:
National Health Service (UK); [cited 2025 Jul 12].

3. U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for Health
Statistics. CDC WONDER online database: About Underlying
Cause of Death, 19992018 [Internet]. Atlanta (GA): CDC;
[cited 2025 Jul 12].

4. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C.
Potential for primary prevention of Alzheimer’s disease: an
analysis of population-based data. Lancet Neurol. 2014
Aug;13(8):788-94.

5. Modifiable risk factors for dementia [Internet]. Copenhagen:
Lundbeck Foundation; [cited 2025 Jul 12].

6. Forny-Germano L, De Felice FG, Vieira MNDN. The Role of
Leptin and Adiponectin in Obesity-Associated Cognitive
Decline and Alzheimer's Disease. Front Neurosci. 2019 Jan 14;
12:1027.

7. Belanci¢, A.; Kendel Jovanovi¢, G.; Klobucar Majanovié, S.
Obesity-Related ~ Low-Grade  Chronic  Inflammation:
Implementation of the Dietary Inflammatory Index in Clinical
Practice Is the Milestone? Med. Flum. 2018, 54, 373-378.

8. Wensveen, F.M.; Valenti¢, S.; Sestan, M.; Turk Wensveen, T.;
Poli¢, B. The “Big Bang” in Obese Fat: Events Initiating
Obesity-Induced Adipose Tissue Inflammation. Eur. J.
Immunol. 2015, 45, 2446-2456.

9. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ. 2021, 372: n71.

10. Prisma flow diagram- Haddaway, N. R., Page, M. J., Pritchard,
C. C., & McGuinness, L. A. (2022). PRISMA2020: An R
package and Shiny app for producing PRISMA 2020-compliant
flow diagrams, with interactivity for optimised digital
transparency and Open Synthesis Campbell Systematic
Reviews, 18, ¢1230.

11. AliNH, Al-Kuraishy HM, Al-Gareeb Al, Alexiou A, Papadakis
M, Bahaa MM, Alibrahim F, Batiha GE. New insight on the
potential detrimental effect of metabolic syndrome on the
Alzheimer disease neuropathology: Mechanistic role. J Cell
Mol Med. 2024 Dec;28(23): €70118.



Clinics in Nursing

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Alisch JSR, Egan JM, Bouhrara M. Differences in the choroid
plexus volume and microstructure are associated with body
adiposity. Front Endocrinol (Lausanne). 2022 Oct 13;
13:984929.

Anagnostakis F, James SN, Parker TD, Lu K, Collins R, Lane
CA, et al. Radiomic and proteomic signatures of body mass
index on brain ageing and Alzheimer’s-like patterns of brain
atrophy. Lancet eBioMedicine. 2025; 104:105123.

Bazzari, F., & Bazzari, A. (2023). Non-Genetic Risk Factors for
Dementia and Alzheimer’s Disease. Jordan Medical Journal,
57(3).

Bednarska-Makaruk M, Graban A, Wisniewska A, Lojkowska
W, Bochynska A, Gugata- Iwaniuk M, Stawinska K, Lugowska
A, Ryglewicz D, Wehr H. Association of adiponectin, leptin
and resistin with inflammatory markers and obesity in
dementia. Biogerontology. 2017 Aug;18(4):561-580.
Borshchev YY, Uspensky YP, Galagudza MM. Pathogenetic
pathways of cognitive dysfunction and dementia in metabolic
syndrome. Life Sci. 2019 Nov 15; 237:116932.

Corlier F, Hafzalla G, Faskowitz J, Kuller LH, Becker JT,
Lopez OL, Thompson PM, Braskie MN. Systemic
inflammation as a predictor of brain aging: Contributions of
physical activity, metabolic risk, and genetic risk. Neuroimage.
2018 May 15; 172:118-129.

Costache AD, Ignat BE, Grosu C, Mastaleru A, Abdulan I,
Oancea A, Roca M, Leon MM, Badescu MC, Luca S, Jigoranu
AR, Chetran A, Mitu O, Costache II, Mitu F. Inflammatory
Pathways in Overweight and Obese Persons as a Potential
Mechanism for Cognitive Impairment and Earlier Onset
Alzeihmer's Dementia in the General Population: A Narrative
Review. Biomedicines. 2023 Dec 6;11(12):3233.

de A Boleti AP, de O Cardoso PH, F Frihling BE, E Silva PS,
de Moraes LFRN, Migliolo L. Adipose tissue, systematic
inflammation, and neurodegenerative diseases. Neural Regen
Res. 2023 Jan;18(1):38-46.

Van Dyken P, Lacoste B. Impact of Metabolic Syndrome on
Neuroinflammation and the Blood- Brain Barrier. Front
Neurosci. 2018 Dec; 12:930.

Emmerzaal TL, Kiliaan AJ, Gustafson DR. 2003-2013: a
decade of body mass index, Alzheimer's disease, and dementia.
J Alzheimers Dis. 2015;43(3):739-55

Fontana L, Ghezzi L, Cross AH, Piccio L. Effects of dietary
restriction on neuroinflammation in neurodegenerative
diseases. J Exp Med. 2021 Feb;218(2):e20190086.
Forny-Germano L, De Felice FG, Vieira MNDN. The Role of
Leptin and Adiponectin in Obesity-Associated Cognitive
Decline and Alzheimer's Disease. Front Neurosci. 2019 Jan;
12:1027.

Ge X, HuM, Zhou M, Fang X, Chen X, Geng D, Wang L, Yang
X, An H, Zhang M, Lin D, Zheng M, Cui X, Wang Q, Wu Y,
Zheng K, Huang XF, Yu Y. Overexpression of forebrain
PTP1B leads to synaptic and cognitive impairments in obesity.
Brain Behav Immun. 2024 Mar; 117:456-470.

HaJ, Kwak S, Kim KY, Kim H, Cho SY, Kim M, Lee JY, Kim
E. Relationship Between Adipokines, Cognition, and Brain
Structures in Old Age Depending on Obesity. J Gerontol A Biol
Sci Med Sci. 2023 Jan;78(1):120-128.

Khan MSH, Hegde V. Obesity and Diabetes Mediated Chronic
Inflammation: A Potential Biomarker in Alzheimer's Disease. J
Pers Med. 2020 May;10(2):42.

Li T, Qu J, Xu C, Fang T, Sun B, Chen L. Exploring the
common gene signatures and pathogeneses of obesity with
Alzheimer's disease via transcriptome data. Front Endocrinol
(Lausanne). 2022 Dec; 13:1072955.

Ly M, Raji CA, Yu GZ, Wang Q, Wang Y, Schindler SE, An
H, Samara A, Eisenstein SA, Hershey T, Smith G, Klein S, Liu
J, Xiong C, Ances BM, Morris JC, Benzinger TLS. Obesity and

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 8 of 10

White Matter Neuroinflammation Related Edema in
Alzheimer's Disease Dementia Biomarker

Negative Cognitively Normal Individuals. J Alzheimers Dis.
2021;79(4):1801-1811.

Marino F, Petrella L, Cimmino F, Pizzella A, Monda A, Allocca
S, Rotondo R, D'Angelo M, Musco N, Iommelli P, Catapano A,
Bagnato C, Paolini B, Cavaliere G. From Obesity to
Mitochondrial Dysfunction in Peripheral Tissues and in the
Central Nervous System. Biomolecules. 2025 Apr;15(5):638.
Marrano N, Biondi G, Borrelli A, Rella M, Zambetta T, Di
Gioia L, Caporusso M, Logroscino G, Perrini S, Giorgino F,
Natalicchio A. Type 2 Diabetes and Alzheimer's Disease: The
Emerging Role of Cellular Lipotoxicity. Biomolecules. 2023
Jan;13(1):183.

Mekhora C, Lamport DJ, Spencer JPE. An overview of the
relationship between inflammation and cognitive function in
humans, molecular pathways and the impact of nutraceuticals.
Neurochem Int. 2024 Dec; 181:105900.

Neto A, Fernandes A, Barateiro A. The complex relationship
between obesity and neurodegenerative diseases: an updated
review. Front Cell Neurosci. 2023 Nov; 17:1294420.

Vinuesa A, Pomilio C, Gregosa A, Bentivegna M, Presa J,
Bellotto M, Saravia F, Beauquis J. Inflammation and Insulin
Resistance as Risk Factors and Potential Therapeutic Targets
for Alzheimer's Disease. Front Neurosci. 2021 Apr; 15:653651.
Kumar A, Sidhu J, Lui F, et al. Alzheimer Disease. [Updated
2024 Feb 12]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025 Jan.

Alzheimer disease [Internet]. Kenilworth (NJ): Merck & Co.,
Inc.; [updated 2023 May; cited 2023 Oct 10]. In: MSD Manual
Professional Version.

Kinney JW, Bemiller SM, Murtishaw AS, et al: Inflammation
as a central mechanism in Alzheimer's disease. Alzheimers
Dement (NY) 4:575-590, 2018.

McGeer P.L., Rogers J. Anti-inflammatory agents as a
therapeutic approach to Alzheimer's disease. Neurology. 1992;
42:447-449.

Zotova E., Nicoll J.A., Kalaria R., Holmes C., Boche D.
Inflammation in Alzheimer's disease: relevance to pathogenesis
and therapy. Alzheimer's Res. 2010; 2:1.

Barnes DE, Yaffe K (2011) The projected effect of risk factor
reduction on Alzheimer’s disease prevalence. Lancet
Neurology 10, 819-828.

Hruby A, Hu FB (2015) The Epidemiology of Obesity: A Big
Picture. Pharmaco Economics 33, 673-689.

de Araujo Boleti AP, de Oliveira Flores TM, Moreno SE, Anjos
LD, Mortari MR, Migliolo L. Neuroinflammation: an overview
of neurodegenerative and metabolic diseases and of
biotechnological studies. Neuro chem Int. 2020; 136:104714.
Stamatovic SM, Dimitrijevic OB, Keep RF, Andjelkovic AV
(2006) Inflammation and brain edema: new insights into the
role of chemokines and their receptors. In Brain Edema XIII,
Hoff JT, Keep RF, Xi G, Hua Y, eds. Springer-Verlag, Vienna,
pp. 444-450

Assaf Y, Basser PJ (2005) Composite hindered and restricted
model of diffusion (CHARMED) MR imaging of the human
brain. Neuro Image 27, 48-58.

Balusu S, Van Wonterghem E, De Rycke R, Raemdonck K,
Stremersch S, Gevaert K, et al. Identification of a novel
mechanism of blood-brain communication during peripheral
inflammation via choroid plexus-derived extracellular vesicles.
EMBO Mol Med (2016) 8(10):1162—1183.

Kanoski SE, Zhang Y, Zheng W, Davidson TL. The effects of
a high-energy diet on hippocampal function and blood-brain
barrier integrity in the rat. J Alzheimers Dis (2010) 21(1):207—
219.



Clinics in Nursing

47.

48.

49.

50.

51.

52.

GG.  Obesity-induced
hypothalamus. Trends

Guillemot-Legris O, Muccioli
neuroinflammation: Beyond the
Neurosci (2017) 40(4):237-253.
Walker, K.A. - Chen, J. - Zhang, J. et al. Large-scale plasma
proteomic analysis identifies proteins and pathways associated
with dementia risk Nat Aging. 2021; 1:473-489

May, B.M. - Pimentel, M. - Zimerman, L.L. - et al. GDF-15 as a
biomarker in cardiovascular disease Arq Bras Cardiol. 2021;
116:494-500

Chrysafi, P. - Valenzuela-Vallejo, L. - Stefanakis, K. - et al.
Total and H-specific GDF-15 levels increase in caloric
deprivation independently of leptin in humans Nat Commun.
2024; 15:5190

Zhao, T. - Su, Z. - Li, Y. - et al. Chitinase-3 like-protein-1
function and its role in diseases Signal Transduct Target Ther.
2020; 5:201

J.M. Zabolotny, Y.B. Kim, L.A. Welsh, E.E. Kershaw, B.G.
Neel, B.B. Kahn Protein-tyrosine phosphatase 1B expression is
induced by inflammation in vivo J Biol Chem, 283 (2008), pp.
14230- 14241

53.

54.

55.

56.

57.

Page 9 of 10

F. Ahmad, J.L. Azevedo, R. Cortright, G.L. Dohm, B.J.
Goldstein Alterations in skeletal muscle protein-tyrosine
phosphatase activity and expression in insulin-resistant human
obesity and diabetes J Clin Invest, 100 (1997), pp. 449-458

F. Ahmad, R.V. Considine, T.L. Bauer, J.P. Ohannesian, C.C.
Marco, B.J. Goldstein Improved sensitivity to insulin in obese
subjects following weight loss is accompanied by reduced
protein-tyrosine phosphatases in adipose tissue Metabolism, 46
(1997), pp. 1140-1145

F. Ahmad, R.V. Considine, B.J. Goldstein Increased abundance
of the receptor-type protein- tyrosine phosphatase LAR
accounts for the elevated insulin receptor dephosphorylating
activity in adipose tissue of obese human subjects J Clin Invest,
95 (1995), pp. 2806-2812

Chen S, Jiang H, Wu X, Fang J. Therapeutic effects of quercetin
on inflammation, obesity, and type 2 diabetes. Mediators
Inflammation (2016) 2016:9340637.

Saltiel AR, Olefsky JM. Inflammatory mechanisms linking
obesity and metabolic disease. J Clin Invest (2017) 127:1-4.



Clinics in Nursing

& ClinicSearch

Page 10 of 10

Ready to submit your research? Choose ClinicSearch and benefit from:

» fast, convenient online submission

> rigorous peer review by experienced research in your field
> rapid publication on acceptance

> authors retain copyrights

> unique DOI for all articles

» immediate, unrestricted online access

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/clinics-in-nursing

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinics-in-nursing

