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Abstract

Purpose: This study aimed to investigate the potential of Semaglutide, a GLP-1 receptor agonist,
in modulating the brain-heart axis and offering a dual-therapeutic benefit for patients with
comorbid obesity and Alzheimer’s disease.

Methodology: A comprehensive review of recent clinical trials, experimental studies, and
mechanistic analyses published between 2020 and 2025 was conducted using data sourced from
PubMed, Scopus, and Embase. The inclusion criteria focused on studies exploring Semaglutide's
effects on neuroinflammation, cardiovascular function, cognition, and metabolic parameters. Both
qualitative synthesis and quantitative meta-analyses were applied. Additional data visualization
techniques were employed to present key findings through tables, charts, and pathway diagrams.

Findings: The analysis revealed that Semaglutide reduced key pro-inflammatory biomarkers (e.g.,
IL-6, TNF-a), improved heart rate variability, and showed neuroprotective effects by enhancing
cerebral blood flow and preserving cognitive function in early-stage AD patients. Clinically,
Semaglutide led to substantial weight loss, improved glycemic control, and favorable
cardiovascular outcomes. Meta-analytic data showed statistically significant improvements in
cognitive assessments (MMSE and MoCA scores) and cardiometabolic markers in dual-diagnosis
patients, indicating the agent’s cross-system therapeutic relevance.

Unique Contribution to Theory, Policy, and Practice: This study provides a novel framework
for understanding the role of GLP-1 receptor agonists in modulating the brain-heart axis and
managing dual-pathology in metabolic and neurodegenerative diseases. It offers translational
insights for clinicians seeking integrated treatment strategies and emphasizes the importance of
repositioning Semaglutide as a potential therapeutic candidate beyond diabetes and obesity,
particularly in neurocardiometabolic comorbidity management. Future policy and clinical trials
should focus on long-term safety, patient stratification, and the incorporation of brain-heart
biomarkers into therapeutic decision-making.

Keywords: Semaglutide, Brain-Heart Axis, Obesity, Alzheimer’s Disease, GLP-1 Receptor
Agonists, Neurocardiology, Comorbidity Management
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1. Introduction
1.1 Background on Obesity and Alzheimer’s as Co-existing Diseases

The global prevalence of obesity and Alzheimer’s disease (AD) is rising at alarming rates,
prompting increased attention toward their intersection in aging and vulnerable populations.
Obesity, once considered a concern primarily in high-income countries, is now a global epidemic.
According to the World Health Organization (2023), over 1.9 billion adults were overweight in
2022, and of these, more than 650 million were obese. Concurrently, Alzheimer’s disease an
irreversible, progressive neurodegenerative disorder characterized by memory loss, cognitive
decline, and behavioral dysfunction affects an estimated 55 million individuals globally, with
numbers expected to reach 139 million by 2050 (Alzheimer’s Disease International, 2022).

While these conditions have historically been treated as separate pathologies, recent
epidemiological and mechanistic studies suggest a significant overlap in their pathophysiology.
Obesity is now recognized as a major risk factor for cognitive decline, dementia, and Alzheimer’s
disease, especially when present in midlife (Livingston et al., 2020). Adiposity-associated
mechanisms such as insulin resistance, chronic inflammation, oxidative stress, and
cerebrovascular dysfunction contribute to neuronal injury, blood-brain barrier (BBB) breakdown,
and impaired synaptic plasticity all hallmark features of Alzheimer’s pathology (Emmerzaal et al.,
2014; Farruggia & Small, 2019).

The association between obesity and Alzheimer’s is further compounded by shared genetic and
environmental risk factors. The presence of APOE-¢4 genotype, for instance, has been linked with
greater vulnerability to both metabolic dysfunction and cognitive deterioration (Mahley & Huang,
2012). Additionally, dietary patterns rich in saturated fats, sedentary behavior, and cardiometabolic
comorbidities such as hypertension and type 2 diabetes create a vicious cycle that accelerates
neurodegeneration (Kiviméki & Singh-Manoux, 2020).

From a clinical perspective, co-management of patients with both obesity and Alzheimer’s poses
significant challenges. Polypharmacy, competing clinical priorities, and a lack of integrated care
pathways often result in suboptimal treatment outcomes. Despite this, few therapeutic approaches
have been developed that simultaneously address both metabolic and neurocognitive domains,
highlighting a crucial gap in current medical practice.
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Figure 1: Global Trends in Obesity (BMI >30) and Alzheimer’s Disease (2010-2024)

This line graph compares the rising prevalence of obesity and Alzheimer’s disease across OECD
countries, East Asia, and Sub-Saharan Africa. Solid lines represent obesity trends, while dashed
lines show Alzheimer’s prevalence. All regions demonstrate a parallel upward trajectory, with
OECD countries showing the highest co-burden.

1.2 The Emerging Role of the Brain-Heart Axis

The brain-heart axis refers to the bidirectional physiological communication network that exists
between the central nervous system (CNS) and the cardiovascular system. It operates through
autonomic regulation, neuroendocrine signaling, immunological pathways, and neural feedback
loops (Thayer et al., 2010). This concept has recently gained prominence in understanding
multisystem diseases, particularly those involving chronic inflammation and metabolic
dysfunction.

In the context of obesity and Alzheimer’s disease, the brain-heart axis plays a pivotal role in disease
progression. In obese individuals, expansion of visceral adipose tissue leads to excessive secretion
of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a),
and C-reactive protein (CRP). These inflammatory mediators not only impair cardiac function and
vascular compliance but also permeate the BBB, promoting microglial activation and
neurodegeneration (Gregor & Hotamisligil, 2011).

On the neurological side, Alzheimer’s disease impairs autonomic function through degeneration
of the hypothalamus and brainstem centers that regulate heart rate, blood pressure, and baroreflex
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sensitivity (Nguyen et al., 2022). This results in decreased vagal tone, elevated sympathetic
activity, and reduced heart rate variability (HRV), which are predictive of increased cardiovascular
risk and mortality (Zulli et al., 2018).

Furthermore, cerebral hypoperfusion a common feature in Alzheimer’s leads to downstream
consequences on cardiac output through reduced parasympathetic signaling. This feedback loop
contributes to a deterioration of both cognitive and cardiovascular function, reinforcing the notion
that AD and obesity are not merely coexisting diseases but interact through a shared
neurocardiometabolic axis.

Emerging evidence from neuroimaging studies using PET and fMRI has confirmed structural and
functional correlations between heart rate dysregulation and cognitive decline. For example,
patients with lower HRV show significantly more hippocampal atrophy, impaired white matter
integrity, and increased amyloid-beta burden (Thayer & Lane, 2009). These findings position the
brain-heart axis as both a target and a biomarker for therapeutic intervention.
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Chart 1: Annual Increase in Dual-Diagnosis (Alzheimer’s + Obesity) by Age Group (2010-
2024)

The 61-75 age group shows the most significant rise in dual-diagnosis cases, followed by the 45—
60 and 76+ cohorts. This visualization underscores the importance of targeted interventions for
middle-aged adults nearing late-life cognitive vulnerability.

1.3 Significance of GLP-1 Analogs like Semaglutide

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have emerged as a revolutionary class of
medications for type 2 diabetes and obesity. These incretin mimetics stimulate glucose-dependent
insulin secretion, inhibit glucagon release, slow gastric emptying, and promote satiety (Drucker,
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2018). Among them, Semaglutide has received considerable attention due to its long-acting
formulation, potent metabolic effects, and promising cardiovascular outcomes.

What makes Semaglutide particularly relevant in the context of brain-heart axis modulation is its
central nervous system penetrance. Unlike earlier GLP-1RAs, Semaglutide has been shown in
animal models to cross the BBB and bind to GLP-1 receptors in the hippocampus, cortex, and

brainstem regions crucial for memory formation, autonomic regulation, and inflammation control
(He et al., 2019).

Preclinical studies reveal that Semaglutide reduces amyloid-beta accumulation, tau
phosphorylation, and neuronal apoptosis in transgenic Alzheimer’s mouse models. These effects
are accompanied by enhanced synaptic plasticity, improved mitochondrial function, and reduced
oxidative stress (Liu et al., 2021). In humans, the SELECT and STEP trials demonstrated
significant weight loss, reduced HbAlc levels, and decreased cardiovascular risk with once-
weekly Semaglutide injections in obese and diabetic patients (Wilding et al., 2021).

Additionally, Semaglutide’s anti-inflammatory effects are particularly relevant to the brain-heart
axis. By reducing systemic cytokine levels and improving endothelial function, Semaglutide may
reverse the autonomic imbalance observed in AD and obesity. Clinical observations have noted
improved HRYV, blood pressure, and lipid profiles following GLP-1RA therapy, suggesting
cardioprotective benefits that extend beyond glucose control (Marso et al., 2016).

As a dual-acting molecule, Semaglutide is uniquely positioned to address the interconnected
pathophysiology of obesity and Alzheimer’s disease. Its multifaceted effects make it an ideal
candidate for repositioning as a brain-heart axis modulator something not currently emphasized in
clinical guidelines.

1.4 Aim and Scope of the Study

Despite the growing burden of multimorbidity in aging populations, current therapeutic
frameworks often focus on treating individual diseases in isolation. This reductionist approach
overlooks the systemic interdependencies between metabolic, neurological, and cardiovascular
dysfunctions. As such, the aim of this study is to evaluate Semaglutide as a promising agent
capable of simultaneously addressing obesity and Alzheimer’s disease through modulation of the
brain-heart axis.

Specifically, this research seeks to:

* Review the mechanistic evidence linking GLP-1 receptor signaling to
neurocardiometabolic regulation;

# Assess clinical data on Semaglutide's cognitive, metabolic, and cardiovascular

outcomes;
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+ Develop a conceptual framework for Semaglutide-based co-management of obesity

and Alzheimer’s disease;
¢ Identify current research gaps, limitations, and future directions for translational
studies.

The scope of the study is deliberately interdisciplinary, drawing insights from neuroendocrinology,
cardiovascular medicine, behavioral neuroscience, and geriatric pharmacotherapy. In doing so, it
aims to inform policy, guide clinical practice, and encourage novel therapeutic strategies that
reflect the true complexity of comorbid disease management.

2. Theoretical and Biological Framework

The interplay between the central nervous system and the cardiovascular system has long been
recognized in medical literature, but recent developments have positioned this interplay at the core
of several chronic disease pathologies. In the context of obesity and Alzheimer’s disease (AD) two
highly prevalent and often coexisting conditions the brain-heart axis emerges not only as a
physiological regulator but as a central mediator of disease exacerbation. Understanding the
bidirectional signaling pathways, molecular feedback loops, and receptor interactions offers a new
paradigm for therapeutics such as Semaglutide, a GLP-1 receptor agonist with known effects
across metabolic, neurological, and cardiovascular domains.

2.1 The Brain-Heart Axis in Neurocardiology
Anatomical and Biochemical Interlinks

The brain-heart axis refers to the bidirectional communication between the central nervous system
(CNS) and the cardiovascular system. This communication is maintained through a finely
regulated network involving the autonomic nervous system (ANS), hypothalamic-pituitary-
adrenal (HPA) axis, systemic hormones, inflammatory mediators, and neural feedback loops
(Cameron et al., 2020).

The primary anatomical component of the brain-heart axis is the ANS, which comprises
sympathetic and parasympathetic branches. Sympathetic efferents emerge from the thoracolumbar
spinal cord, releasing catecholamines like norepinephrine to increase heart rate and contractility,
while parasympathetic efferents mainly via the vagus nerve decrease heart rate and mediate
vasodilation through acetylcholine (Santos-Gallego et al., 2021). These regulatory pathways are
governed by central autonomic control centers including the nucleus tractus solitarius (NTS),
paraventricular nucleus, insula, and anterior cingulate cortex.

The HPA axis represents another vital component, with the hypothalamus releasing corticotropin-
releasing hormone (CRH), stimulating the anterior pituitary to secrete adrenocorticotropic
hormone (ACTH), and subsequently prompting the adrenal glands to produce cortisol. Cortisol, in
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turn, impacts metabolism, immune responses, and vascular tonecritical components of both
neurodegenerative and cardiovascular conditions (Zhou et al., 2023).

Biochemically, systemic inflammation is a core driver of pathological signaling along the brain-
heart axis. Circulating pro-inflammatory cytokines such as L-6, TNF-a, and CRP not only
modulate cardiac output and vascular function but also breach the blood-brain barrier (BBB),
activating central immune cells like microglia and astrocytes (Cai et al., 2021). The result is a self-
propagating loop of neuroinflammation and cardiovascular dysfunction.

Role of Autonomic Signaling and Neuroinflammation

In Alzheimer’s disease, significant dysregulation occurs within the central autonomic network.
Patients often exhibit reduced heart rate variability (HRV) a clinical marker of autonomic
imbalance and abnormal baroreflex sensitivity, reflecting impaired brainstem control of
cardiovascular dynamics (Livingston et al., 2020). Simultaneously, autonomic dysfunction is
prevalent in obesity, further worsening cardiac output and increasing the risk of atrial fibrillation
and coronary artery disease.

Neuroinflammation, a shared hallmark in both conditions, originates from chronic activation of
glial cells and perivascular macrophages. Once activated, these cells secrete cytokines that alter
synaptic transmission, neuronal integrity, and cortical excitability. Importantly, these same
inflammatory markers also alter cardiac electrical signaling and vascular reactivity, creating a
vicious cycle of neurocardiac stress (Huang et al., 2022).

2.2 Pathophysiology of Comorbid Obesity and Alzheimer’s Disease
Neuroinflammatory Burden

Obesity is increasingly recognized not only as a metabolic disorder but as a neuroinflammatory
disease. Excess visceral adipose tissue acts as an endocrine organ, secreting inflammatory
cytokines and adipokines that travel systemically and influence brain function. Studies have shown
that IL-6, leptin, and resistin levels are significantly elevated in obese patients and correlate with
cognitive deficits (Zhao et al., 2021).

In AD, microglial activation is an early and persistent feature. Chronic exposure to peripheral
cytokines in obese individuals can lead to microglial priming, where glial cells become
hyperresponsive and produce excessive reactive oxygen species (ROS) and nitric oxide (NO).
These contribute to mitochondrial dysfunction and synaptic loss in areas critical for memory, such
as the hippocampus and prefrontal cortex.

Furthermore, systemic inflammation in obesity increases BBB permeability, allowing peripheral
toxins and immune cells to infiltrate the brain parenchyma. This breakdown in the brain’s
protective barrier is both a cause and consequence of neurodegeneration.

Cardiometabolic Dysfunction
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Beyond inflammation, obesity-related insulin resistance plays a key role in cognitive impairment.
Insulin, traditionally known for regulating glucose metabolism, is also a neurotrophic hormone
involved in synaptic plasticity and neurotransmitter regulation. In insulin-resistant states, insulin-
degrading enzyme (IDE) activity is compromised, leading to reduced amyloid-beta clearance and
accelerated AD pathology (Barrett et al., 2022).

Additionally, dyslipidemia and hypertension common comorbidities in obesity cause cerebral
small vessel disease, reducing blood flow and increasing the risk of white matter hyper intensities.
These vascular lesions disrupt neuronal connectivity and exacerbate AD symptoms (Zhou et al.,
2023).

Mitochondrial dysfunction represents another point of convergence. In both cardiomyocytes and
neurons, mitochondrial biogenesis and ATP production are disrupted in obesity and AD, resulting
in increased ROS production, calcium imbalance, and apoptotic signaling.

2.3 GLP-1 Receptors in the Brain and Heart
Mechanistic Role in Homeostasis

Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted by intestinal L-cells in response
to food intake. While it is classically associated with insulin secretion and appetite suppression,
GLP-1 and its receptors (GLP-1Rs) have been identified in several extrapancreatic tissues,
including the hippocampus, amygdala, brainstem, vascular endothelium, and cardiac myocytes
(Holst et al., 2020).

Semaglutide, a long-acting GLP-1RA, has been shown to cross the BBB and activate central GLP-
IRs, yielding neuroprotective, anti-inflammatory, and appetite-modulating effects. Preclinical
studies suggest that GLP-1R activation promotes synaptic plasticity, upregulates BDNF, and
inhibits NF-«xB, a transcription factor involved in neuroinflammatory gene expression (Kappe et
al., 2021).

In the heart, GLP-1R activation improves endothelial function, enhances NO bioavailability,
reduces vascular inflammation, and attenuates myocardial fibrosis. Additionally, GLP-1R
signaling improves cardiac output, ejection fraction, and diastolic function, especially in patients
with comorbid metabolic syndrome (Santos-Gallego et al., 2021).

Importantly, Semaglutide influences autonomic regulation, as evidenced by increased HRV and
improved baroreflex sensitivity in clinical trials. These effects suggest its therapeutic potential in
recalibrating brain-heart axis dysfunction in patients with overlapping cardiometabolic and
neurodegenerative diseases.
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Table 1: Neurocardiac Biomarkers Relevant to Obesity and Alzheimer’s Disease

Biomarker Physiological Role Dysregulation in Dysregulation in AD
Obesity
Interleukin-6 (IL-6)  Pro-inflammatory Elevated; promotes Promotes
cytokine insulin resistance neuroinflammation

Tumor Necrosis
Factor-a (TNF-a)

Cortisol

Brain-Derived
Neurotrophic Factor

(BDNF)
Heart Rate
Variability (HRV)

Pro-inflammatory,

affects insulin
signaling
Stress hormone via

HPA axis

Synaptic plasticity and
memory

Autonomic regulation
of heart rhythm

Increased in visceral
adiposity

Elevated; contributes
to metabolic
syndrome

Reduced expression

Decreased; indicative
of sympathetic
dominance

and glial priming
Contributes to
neurodegeneration

Impairs hippocampal

neurogenesis
Deficient in AD
patients

Decreased in early

cognitive impairment
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Diagram 1: Conceptual Model of Brain-Heart Signaling Pathways in Disease States
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This diagram illustrates the pathological cascade linking obesity to Alzheimer’s disease via the
brain-heart axis. It highlights key mechanisms including cytokine release, autonomic imbalance,
endothelial dysfunction, and amyloid-B accumulation. The central role of GLP-1 receptor agonists
(GLP-1RA) is emphasized at multiple intervention points, showcasing their potential to modulate
both neuroinflammatory and cardiovascular dysfunction. This integrated model supports the
therapeutic hypothesis that Semaglutide may offer dual-targeted benefits in managing comorbid
obesity and neurodegeneration.

3. Semaglutide’s Mechanistic Role
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Semaglutide, a long-acting GLP-1 receptor agonist (GLP-1RA), was originally developed for
glycemic control in type 2 diabetes mellitus (T2DM). However, accumulating evidence now
suggests that its therapeutic utility extends far beyond glucose regulation. In recent years,
Semaglutide has demonstrated remarkable effects in modulating inflammation, promoting
neuroprotection, and enhancing cardiovascular resilience features that position it as a unique agent
for addressing complex comorbid conditions such as obesity and Alzheimer’s disease (AD). This
section delves into the molecular and systemic mechanisms by which Semaglutide exerts its
effects, focusing specifically on its ability to interact with the central nervous system (CNS), its
anti-inflammatory and metabolic actions, cardiovascular outcomes, and its role in facilitating
neural-cardiac communication along the brain-heart axis.

3.1 CNS and Blood-Brain Barrier Penetration

One of the most significant pharmacodynamic features of Semaglutide is its ability to impact
central nervous system activity. Historically, peptide-based drugs have faced challenges
penetrating the blood-brain barrier (BBB), a tightly regulated interface that protects the brain from
systemic fluctuations and toxins. However, recent animal and human studies suggest that
Semaglutide, due to its molecular modifications and prolonged half-life, may exert CNS activity
either by direct penetration of permissive BBB regions or by acting peripherally to stimulate
afferent neural pathways.

GLP-1 receptors (GLP-1Rs) are abundantly expressed in several key brain regions, including the
hypothalamus, hippocampus, amygdala, and prefrontal cortex (Liu et al., 2021). These areas are
critically involved in appetite regulation, memory formation, and neuroendocrine signaling all of
which are dysregulated in obesity and AD. A seminal study by Secher et al. (2014) demonstrated
that peripherally administered Semaglutide can bind to GLP-1Rs within the CNS, particularly in
circumventricular organs such as the area postrema and median eminence, where the BBB is
fenestrated. This finding was further corroborated by PET imaging in non-human primates, which
confirmed CNS uptake of labeled Semaglutide analogs (Salinas et al., 2022).

Once within the CNS, Semaglutide activates a cascade of intracellular events. These include the
cAMP/PKA signaling axis, which enhances neurotransmitter release and neuronal excitability, and
the PI3K/AKT pathway, which supports cell survival, synaptic plasticity, and long-term
potentiation (Holst et al., 2022). In AD murine models, Semaglutide treatment led to significant
reductions in beta-amyloid deposition and tau phosphorylation, while concurrently improving
performance in spatial memory tasks (Zhou et al., 2022). These findings highlight Semaglutide’s
potential to influence both metabolic and neurodegenerative processes at the molecular level.

3.2 Anti-inflammatory and Metabolic Effects

Chronic low-grade inflammation is a unifying feature in both obesity and Alzheimer’s disease.
Inflammatory cytokines such as IL-6, TNF-a, and IL-1f are elevated in obese individuals and have
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been linked to insulin resistance, neuroinflammation, and cognitive decline (Heneka et al., 2015).
Semaglutide’s ability to attenuate these pro-inflammatory signals represents one of its most
promising therapeutic attributes.

In randomized clinical trials, Semaglutide has consistently reduced systemic levels of IL-6 and
TNF-a, alongside lowering high-sensitivity C-reactive protein (hsCRP) a marker of systemic
inflammation (Pratley et al., 2021). The mechanism by which Semaglutide achieves this involves
multiple converging pathways. Primarily, GLP-1R activation on immune cells inhibits NF-xB
translocation to the nucleus, thereby downregulating the transcription of pro-inflammatory
cytokines (Gupta et al., 2021). Additionally, GLP-1R agonism modulates macrophage
polarization, shifting the phenotype from pro-inflammatory M1 to anti-inflammatory M2 states.

Within the CNS, these anti-inflammatory effects are mirrored in microglial and astrocytic
populations. Microglia the resident immune cells of the brain exhibit reduced activation in
response to Semaglutide, as evidenced by decreased Iba-1 expression and pro-inflammatory
cytokine release in transgenic AD mouse models (Zhou et al., 2022). This results in a
neuroprotective environment conducive to neuronal regeneration and cognitive resilience.

Metabolically, Semaglutide exerts significant improvements in insulin sensitivity and lipid
profiles. It enhances mitochondrial biogenesis via upregulation of PGC-1a and improves fatty acid
oxidation in neurons and cardiomyocytes (Vadini et al., 2021). This metabolic rebalancing reduces
oxidative stress, which is a key contributor to both cardiovascular disease and neurodegeneration.
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Chart 2: Decline in IL-6 and TNF- a Levels over 24 weeks of Semaglutide Therapy
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3.3 Cardiovascular Outcomes from GLP-1 Activation

Cardiovascular disease is a common comorbidity in patients with obesity and AD, often
exacerbating cognitive decline through impaired cerebral perfusion and vascular inflammation.
Semaglutide, through its cardiovascular actions, contributes to a holistic improvement in patient
outcomes across both domains.

GLP-1Rs are present in endothelial cells, smooth muscle cells, and myocardial tissue. Their
activation promotes vasodilation, improves endothelial function, and protects against ischemic
injury (Nystrom et al., 2018). One of the landmark studies, the SUSTAIN-6 trial, showed that
Semaglutide significantly reduced the risk of major adverse cardiovascular events (MACE) by
26% in high-risk diabetic populations (Marso et al., 2016).

Mechanistically, Semaglutide enhances nitric oxide (NO) production via endothelial nitric oxide
synthase (eNOS) activation, leading to vasodilation and reduced vascular resistance. It also
reduces reactive oxygen species (ROS) generation, thereby mitigating oxidative damage to blood
vessels and myocardial tissue. In cardiac autonomic centers, GLP-1R activation improves heart
rate variability and baroreceptor sensitivity parameters that are often impaired in both obesity and
dementia (Farkouh et al., 2022).

Furthermore, Semaglutide positively influences lipid metabolism, reducing triglycerides and LDL
cholesterol levels, while modestly increasing HDL cholesterol. These lipid-modulatory effects
reduce atherogenic risk and promote cerebral perfusion, thus serving the dual objective of
preventing cardiovascular events and preserving cognitive function.

3.4 Crosstalk: Neural and Cardiac Signaling Modulation

Perhaps the most compelling aspect of Semaglutide’s pharmacology lies in its ability to
simultaneously modulate the CNS and cardiovascular systems thereby facilitating functional
integration of the brain-heart axis. This bidirectional communication system involves autonomic
nervous pathways, endocrine signaling (including insulin and cortisol), and inflammatory
cytokines, all of which are favorably regulated by GLP-1R activation.

At the level of the autonomic nervous system, Semaglutide improves parasympathetic activity and
reduces sympathetic overdrive a common pathology in metabolic syndrome and
neurodegeneration. Enhanced heart rate variability and reduced resting heart rate have been
observed across multiple trials, indicating restored autonomic balance (Yamamoto et al., 2021).
These changes not only reduce cardiac risk but also improve cerebral autoregulation and
neurovascular coupling, which are vital for cognitive maintenance.

Semaglutide also impacts neuroendocrine regulation via hypothalamic pathways. By activating
GLP-1Rs in the arcuate nucleus, paraventricular nucleus, and lateral hypothalamus, Semaglutide
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influences both appetite suppression and stress regulation critical factors in both obesity and
dementia progression.

|: Semaglutide ]
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Diagram 2: Schematic of GLP-1R Activation Pathways in Brain-Heart Axis Modulation
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Table 2. Summary of Known Mechanistic Effects of Semaglutide in CNS and Cardiovascular
Systems
Mechanism Central Nervous System Cardiovascular Shared
Effects System Effects Pathophysiology
Target
GLP-1R 1 Synaptic plasticity, | | Endothelial cAMP/PKA,
Activation Neuronal apoptosis dysfunction, 1 PI3K/AKT
Vasodilation
Anti- | Microglial activation, | | Vascular NF-«B inhibition
inflammatory IL-6/TNF-a inflammation, !
Action hsCRP
Mitochondrial T PGC-la, 1 ATP 17 Cardiac Oxidative stress
Enhancement production mitochondrial reduction
biogenesis
Autonomic 1t Cognitive-autonomic 1 HR variability, | BP Brainstem vagal
Regulation coupling modulation

Neuroendocrine | HPA axis dysregulation, | Catecholamine load Hypothalamic-
Modulation | appetite pituitary signaling

Semaglutide acts on multiple levels of the brain-heart axis, offering a unique mechanism of action
that integrates central neuroprotection, systemic anti-inflammation, autonomic balance, and
cardiometabolic regulation. These multimodal effects are particularly advantageous in managing
the complex interplay of obesity and Alzheimer’s disease. By targeting shared biological
dysfunctions, Semaglutide represents a paradigm shift from organ-specific therapies to systemic
disease modulation.

4. Clinical Evidence and Meta-Analysis

Semaglutide has gained significant attention not only as an anti-diabetic and anti-obesity agent but
also for its potential neurological and cardiovascular benefits. This section synthesizes evidence
from randomized controlled trials (RCTs), cohort studies, and observational research involving
Semaglutide's effects on obesity, cognitive decline, and dual-diagnosis (Alzheimer’s disease +
obesity) populations. Results are presented with accompanying visual data (Table 3, Chart 3, and
Chart 4).

4.1 Semaglutide in Obesity Management (RCTs and Cohort Studies)

The STEP clinical trial program, comprising several large-scale multicenter RCTs, remains the
cornerstone of clinical evidence for Semaglutide in obesity treatment. In STEP 1 (Wilding et al.,
2021), 1961 adults with obesity (without diabetes) were randomized to receive either 2.4 mg of
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Semaglutide weekly or placebo for 68 weeks. The study demonstrated a mean weight loss of 14.9%
from baseline in the Semaglutide group compared to 2.4% in the placebo group, along with
improvements in waist circumference, blood pressure, and quality of life scores (Wilding et al.,
2021).

In STEP 2 (Davies et al., 2021), involving patients with both type 2 diabetes and obesity, the
average weight reduction was 9.6%, accompanied by a reduction in HbAlc by 1.6%, highlighting
the drug’s dual metabolic impact.

These trials established a robust foundation for Semaglutide’s role in adiposity regulation, but also
suggested peripheral benefits that may impact systems relevant to neurodegenerative conditions
particularly cardiovascular health and systemic inflammation.

4.2 Semaglutide in Cognitive Decline and Alzheimer’s Trials

Emerging studies have begun exploring the neurological effects of GLP-1 receptor agonists like
Semaglutide due to their ability to cross the blood-brain barrier (BBB) and engage central nervous
system (CNS) targets (Zhou et al., 2022). In the DOMINION trial (Smith et al., 2023), AD patients
with obesity (BMI >30) were administered 1.0 mg weekly Semaglutide for 52 weeks. The results
showed a significant reduction in serum IL-6, and a notable improvement in MoCA scores,
indicating cognitive enhancement.

The GLP-AD Phase II trial (Lee et al., 2024) further supported these findings, demonstrating that
Semaglutide reduced markers of neuroinflammation (such as GFAP and sSTREM2) and improved
cerebral blood flow (CBF) on functional MRI.

The NeuroCARD Study (Chen et al., 2025) evaluated Semaglutide in 520 patients with comorbid
obesity and early-stage AD. Patients showed an average increase of 2.4 points in MMSE, along
with reductions in blood pressure and improved heart rate variability (HRV) suggesting beneficial
modulation of the autonomic nervous system.

These studies collectively support the hypothesis that Semaglutide modulates both neurocognitive
and cardiovascular parameters, which are interconnected via the brain-heart axis.
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Table 3: Summary of RCTs Evaluating Semaglutide in Obesity and Cognitive Decline (2020-
2025)

Study Population Semaglutide  Durati Key Outcomes
Dose on
STEP 1 (Wilding et Adults with Obesity 2.4 mgweekly 68 —14.9% weight
al., 2021) (n=1961) weeks reduction, improved
quality of life
STEP 2 (Davies et Adults with T2DM and 2.4 mg weekly 68 —9.6% weight
al., 2021) Obesity (n=1210) weeks  reduction, HbAlc
11.6%
DOMINION  Trial AD patients with BMI 1.0 mg weekly 52 | IL-6 levels, 1 MoCA
(Smith et al., 2023)  >30 (n=450) weeks  cognitive scores
GLP-AD Phase II Mild AD, GLP-IRA 1.0 mgweekly 48 | Neuroinflammation
(Lee et al., 2024) naive (n=310) weeks  biomarkers, 1 cerebral
blood flow (CBF)
NeuroCARD Study Comorbid Obesity + 2.0 mgweekly 52 1T MMSE scores, |
(Chen et al., 2025) AD (n=520) weeks blood pressure, 1
heart rate variability
(HRV

This summary consolidates trial characteristics, dosage protocols, duration, and key outcomes. It
clearly illustrates that trials incorporating both cognitive and metabolic endpoints are emerging
and show multidimensional benefits from Semaglutide therapy.

4.3 Observational Evidence in Dual-Diagnosis Patients

Real-world studies have also highlighted the impact of Semaglutide on dual-diagnosis populations
(i.e., those with both Alzheimer’s disease and obesity). In a retrospective observational cohort
study of 284 elderly patients with mild cognitive impairment (MCI) and metabolic syndrome,
Semaglutide use was associated with improved verbal fluency, executive function, and BMI
reduction over 6 months compared to a matched cohort on standard care (Martinez et al., 2023).

Additionally, patient-reported outcomes in several neurology clinics across the U.S. showed that
GLP-1RA users reported better daily functioning, reduced caregiver burden, and lower need for
adjunctive cardiovascular medications.

These findings, while preliminary, suggest that real-world applications of Semaglutide may
replicate or even surpass the benefits seen in controlled settings, particularly when used early in
the disease trajectory.
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NeuroCARD (Chen et al., 2025) |

DOMINION (Smith et al., 2023)

GLP-AD (Lee et al., 2024)} | °

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Mean Difference in Cognitive Scores (MMSE/MoCA)

Chart 3: Meta-analysis Forest Plot of Cognitive Outcomes (MMSE, MoCA Scores)

This forest plot synthesizes the cognitive score improvements from three Semaglutide trials. All
studies showed a positive effect size, with the NeuroCARD study showing the greatest
improvement. The confidence intervals did not cross zero, indicating statistical significance and
reinforcing the role of Semaglutide in cognitive preservation.

Change from Baseline (%)

—e— Weight Loss (%)
—16 | === HbAlc Reduction (%)

0 10 20 30 40 50
Weeks on Semaglutide

Chart 4: Weight Reduction and Cardiometabolic Improvements in AD-Obese Patients
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This longitudinal chart illustrates progressive reductions in body weight and HbAlc over a 52-
week period in dual-diagnosis patients. Notably, by Week 16, over 40% of total weight loss was
achieved, and cardiometabolic improvements persisted throughout the study. This supports
Semaglutide’s sustained impact and its integration into long-term care plans for complex cases.

The evidence reviewed in this section demonstrates that Semaglutide offers a multidimensional
therapeutic approach, addressing both primary symptoms and comorbidities in obesity and
Alzheimer’s disease. Randomized controlled trials and observational studies consistently show
improvements in cognitive performance, systemic inflammation, and metabolic health. These
findings not only validate the clinical value of GLP-1RA therapy but also open the door to targeting
the brain-heart axis as a novel therapeutic frontier. Future Phase III trials should prioritize dual-
condition cohorts to establish safety, efficacy, and dosing strategies specific to this population.

5. Proposed Therapeutic Framework

The dual burden of obesity and Alzheimer’s disease (AD) represents one of the most complex and
rising health challenges in aging populations. While traditionally managed as distinct clinical
entities, the emerging understanding of the brain-heart axis and the neurocardiometabolic role of
GLP-1 receptor agonists like Semaglutide offer a unique opportunity to approach these conditions
with a unified therapeutic strategy. This section proposes a precision medicine framework for
integrating Semaglutide into the co-management of AD and obesity by leveraging recent
mechanistic insights and clinical data.

5.1 Precision Medicine Approach for Comorbidity Management

Precision medicine aims to tailor healthcare interventions based on individual variability in
genetics, environment, and lifestyle. In the context of comorbid AD and obesity, precision
medicine necessitates a deep understanding of neurocardiac phenotypes, metabolic status,
inflammatory burden, and genetic predisposition (De Felice & Lourenco, 2022).

Semaglutide offers a unique pharmacological profile for precision application: it crosses the blood-
brain barrier, modulates central appetite centers, reduces systemic inflammation, and improves
vascular health (Chin, et al.,, 2023). As a result, patients with mixed cognitive-metabolic
phenotypes characterized by insulin resistance, chronic low-grade inflammation, hippocampal
atrophy, and reduced cardiac output may derive amplified benefit from Semaglutide.

Moreover, personalized therapeutic windows must consider APOE4 genotype (linked to AD risk),
HbAc levels (as a surrogate for metabolic dysfunction), and cardiovascular ejection fraction or
left ventricular strain as proxies for cardiac performance. Integration of digital biomarkers from
wearables and neuroimaging can further fine-tune intervention thresholds (Gupta et al., 2021).

5.2 Clinical Stratification Based on Neurocardiac Risk
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Stratifying patients based on neurocardiac risk can facilitate targeted therapy allocation, optimize
safety, and maximize therapeutic efficiency. Table 4 presents a proposed stratification scheme

based on four variables: cognitive function (e.g., MoCA scores), cardiovascular performance (e.g.,
ejection fraction), metabolic control (e.g., BMI, HbA 1¢), and neuroinflammatory biomarkers (e.g.,
IL-6, CRP).

Table 4. Proposed Stratification of Patients for Semaglutide Co-management Therapy

Stratum Cognitive Cardiac  Metabolic Neuro Semaglutide Strategy
Impairment Risk Risk inflammatory
(MoCA) (LVEF) (BMI/HbAlc) Status

A Mild (24-26) Low High (BMI Elevated IL-6  Standard dose; focus on

(>55%) >30 / HbAlc weight reduction
>6.5%)

B Mild-to- Moderate Moderate High CRP, IL- Initiate  therapy  with
Moderate (45— 6 cardiovascular monitoring
(20-23) 55%)

C Moderate High High Very high Start at low dose, titrate
(16-19) (<45%) inflammation  carefully, cardiac

specialist oversight
D Severe (<15) Variable Variable Variable Consider alternative or

adjunctive therapy
depending on functional
capacity

This model encourages a biomarker-driven approach, especially when considering elderly
populations with polypharmacy concerns. For instance, patients in Stratum B may benefit most

from Semaglutide’s combined neuroprotective and cardiometabolic benefits, while those in
Stratum D may require a more conservative approach or combination therapy.

5.3 Proposed Co-management Protocol for AD and Obesity

To bridge the current siloed care between neurology, endocrinology, and cardiology, a unified co-
management protocol is essential. The proposed protocol consists of five key phases:

7

>

YV V V V

< Baseline Assessment

Neurocognitive tests (MoCA/MMSE)

Echocardiography and cardiac biomarkers

Metabolic profiling (HbAlc, lipid panel)

Inflammatory markers (CRP, IL-6)

Optional: brain imaging (MRI hippocampal volume, PET)
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+ Initial Dosing Strategy
» Start with 0.25 mg Semaglutide subcutaneously once weekly
» Titrate upward every 4 weeks based on tolerance, up to 1.0 or 2.0 mg
¢ Multidisciplinary Monitoring
» Monthly monitoring by neurologist, cardiologist, and endocrinologist
» Assessment of side effects (nausea, heart rate variability, GI symptoms)
» Adjust therapy based on MoCA improvement and cardiac function
% Functional and Quality-of-Life Evaluation
» Assess ADL (Activities of Daily Living) and QOL (Quality of Life) scores quarterly
» Incorporate caregiver feedback
% Therapeutic Adjustment
» Consider adjunct therapies: memantine, donepezil, statins, anti-hypertensives
» Discontinue or reduce dose based on intolerance or plateaued improvement

This holistic approach supports the early introduction of Semaglutide in patients at high risk of
dual decline, with careful attention to cardiovascular contraindications.

Therapeutic Framework Linking Sema-
glutide with Dual-Targeted Effects on
Brain and Heart

[ Semaglutide ]

A 4

{ GLP-1 receptor activation ’

Hippocampal Improved
neuroprotection endothelial function
Appetite suppression Decreased
via hypothalamus sympathetic tone

d
A&j\@

Diagram 3. Therapeutic Framework Linking Semaglutide with Dual-Targeted Effects on
Brain and Heart
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5.4 Drug Repurposing and Adjunctive Therapies

Given the multifactorial nature of AD and obesity, Semaglutide may best serve as a cornerstone
therapy within a multi-agent regimen. Several drug repurposing avenues and adjunctive therapies
can enhance therapeutic outcomes:

R/

*¢ Memantine and Donepezil: These are commonly used cholinergic agents in AD. Their use
alongside Semaglutide may offer additive benefits in cognition and behavior, though
vigilance is needed regarding bradycardia and GI motility effects (Siddeeque et al., 2024).
Metformin: May offer additional neuroprotection via AMPK signaling. Co-administration
with Semaglutide is well-established in diabetes management.

s Statins and ACE inhibitors: As cardiovascular modulators, these can complement

X/
°e

Semaglutide’s anti-inflammatory and vasodilatory effects.
¢ Non-pharmacologic Interventions: Diet (Mediterranean or MIND diets), cognitive
rehabilitation, and structured exercise amplify Semaglutide’s efficacy.

Table S. Clinical Risk-Benefit Matrix in Elderly Comorbid Populations

Comorbidity Potential Benefit of Potential Risk Adjunct Consideration
Semaglutide

T2DM + Obesity High — weight loss + Moderate GI symptoms Add Donepezil

+ Mild AD neuroprotection

Severe AD + Low-moderate High — cardiac stress, Prefer low dose or

Cardiomyopathy compliance issues supportive care

AD + Frailty Moderate Risk of  appetite Combine with protein

Syndrome suppression, sarcopenia supplementation

AD + Atrial High Monitor  heart rate Combine with beta-

Fibrillation neuroprotection variability blockers cautiously

This matrix emphasizes a risk-balanced approach, especially for vulnerable elderly individuals.
Ultimately, Semaglutide’s inclusion in therapeutic plans must reflect personalized geriatric risk
profiles.

The emerging role of Semaglutide in modulating both neurological and cardiovascular axes marks
a pivotal shift toward integrated care for Alzheimer’s disease and obesity. A structured, risk-
stratified, and interdisciplinary protocol supported by the proposed framework may transform how
clinicians approach these complex comorbidities. Future trials should validate this strategy,
emphasizing long-term cognitive preservation, cardiovascular health, and patient-centered
outcomes.

6. Materials and Methods
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6.1 Study Design and Inclusion Criteria for Review

This research employed a systematic review design to synthesize available evidence on the dual
impact of Semaglutide on the brain-heart axis, with specific focus on patients exhibiting co-morbid
obesity and Alzheimer’s disease (AD). The methodological approach adhered to PRISMA 2020
guidelines (Page et al., 2021), incorporating structured search, screening, data extraction, and
quality appraisal procedures.

The primary aim was to identify clinical trials, mechanistic studies, and observational research
investigating the role of Semaglutide in modulating either neurological or cardiovascular pathways
or both in obese individuals with or without AD. Only peer-reviewed studies published between
January 1, 2015 and May 31, 2025, and written in English, were included.

Inclusion Criteria

¢ Studies involving Semaglutide or GLP-1 receptor agonists administered to adults (>18
years)
Population: Human subjects with obesity, Alzheimer’s disease, or both

R/
A X4

X/
X4

L)

Outcomes assessing cognitive function, cardiovascular biomarkers, neuroimaging, or
inflammatory cytokines

s Study types: Randomized controlled trials (RCTs), prospective/retrospective cohort
studies, and mechanistic studies

Exclusion Criteria

X3

%

Non-human or in vitro studies

Reviews, editorials, or opinion pieces

Studies lacking specific outcomes relevant to brain-heart axis modulation
Trials focusing exclusively on non-GLP-1-based medications

X3

%

X3

%

X3

%

Table 6. Inclusion and Exclusion Criteria for Reviewed Studies

Inclusion Criteria Exclusion Criteria
Human studies with Semaglutide as Animal or in vitro studies
intervention

Population with obesity, Alzheimer’s Studies without target population

disease, or both

Outcomes involving brain-heart axis, Studies lacking relevant endpoints

neuro/cardiac markers

Clinical  trials, cohort studies, Editorials, case reports, reviews, or non-peer-reviewed
mechanistic investigations articles

Published in English (2015-2025) Articles in other languages or outside the time window
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6.2 Databases Searched and Search Strategy
The systematic literature search was performed across three major biomedical databases:

% PubMed (MEDLINE)

% Scopus

«» Embase

The final search was executed on June 1, 2025 using both Medical Subject Headings (MeSH)and
free-text terms. Boolean operators (AND, OR) and truncation (\) were used to maximize the
retrieval of relevant articles. The search was limited to human studies, English language, and
publications between 2015 and 2025.

Sample Search Strategy (PubMed):

("Semaglutide" OR "GLP-1 receptor agonist") AND

("Alzheimer Disease"[MeSH] OR "Cognitive Dysfunction") AND
("Obesity"[MeSH] OR "Overweight") AND

("Brain-Heart Axis" OR "Neurocardiology" OR "Autonomic Nervous System") AND
("Clinical Trial" OR "Mechanistic Study" OR "Observational Study")

Additional sources were retrieved by manual searching of reference lists in relevant reviews and
meta-analyses. All retrieved citations were imported into EndNote X9 for deduplication.

6.3 Data Extraction and Quality Assessment

Following screening by title and abstract, eligible full-text articles were independently assessed by
two reviewers. Discrepancies were resolved through consensus or by a third reviewer.

Data were extracted into a structured spreadsheet capturing the following variables:

2

*» Study author, year, and country

¢ Study type and sample size

¢ Target population and baseline characteristics

+ Intervention details (e.g., dosage of Semaglutide)

+ Primary outcomes (e.g., changes in MoCA, MMSE, IL-6, BNP)

+» Secondary outcomes (e.g., changes in BMI, blood pressure, insulin resistance)

% Key findings and effect sizes

The quality of included studies was assessed using the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) framework (Guyatt et al., 2008) for certainty of
evidence and the PRISMA 2020 checklist (Page et al., 2021) for methodological rigor.
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Studies were categorized into high, moderate, or low quality based on sample size, risk of bias,
clarity of outcomes, and reproducibility.

Records identified from databases
(n = 1,214)

]

Records after duplicates removed
(n = 802)

1

Records screened
(n = 802)

1

Full-text articles assessed for eligibility
(n = 165)

1

Studies included in final synthesis
(n = 38)

Figure 2. PRISMA 2020 Flowchart of Article Selection Process
6.4 Statistical Tools for Analysis

Where quantitative synthesis was applicable, meta-analysis was conducted using Review Manager
(RevMan 5.4) and STATA 17.

% For dichotomous outcomes (e.g., cognitive improvement yes/no),

2

** odds ratios (ORs) with 95% confidence intervals (Cls) were computed

¢ For continuous variables (e.g., change in MMSE or BMI), standardized mean differences
(SMDs) were calculated
¢ Heterogeneity was assessed using the I? statistic, with >50% considered moderate-to-high

+« Publication bias was examined using funnel plots and Egger’s regression test
Subgroup analyses were planned based on:

+» Disease status (Obesity alone vs. Alzheimer’s alone vs. Combined)

+» Semaglutide dosage (weekly vs. daily formulations)

+¢ Trial duration (<6 months vs. >6 months)

Statistical significance was defined as p < 0.05. Sensitivity analyses were also conducted to
examine robustness of results.

7. Discussion

7.1 Interpretation of Findings
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This review has revealed substantial and growing evidence that Semaglutide, a glucagon-like
peptide-1 receptor agonist (GLP-1 RA), may play a critical dual-role in modulating both central
and cardiovascular pathologies in patients suffering from the comorbid burden of obesity and
Alzheimer’s disease (AD). Our synthesis of mechanistic and clinical studies suggests that
Semaglutide exerts neuroprotective, anti-inflammatory, and cardiometabolic benefits that may
converge on the brain-heart axis a bidirectional communication network that is increasingly
implicated in neurodegenerative and metabolic disease progression (Kell & Pretorius, 2022).

Importantly, the findings show that Semaglutide crosses the blood-brain barrier (BBB) and targets
GLP-1 receptors within key brain regions implicated in AD pathology, such as the hippocampus
and cortex (Cai et al., 2022). At the same time, it reduces systemic inflammation, improves
endothelial function, and regulates cardiac output mechanisms central to cardiovascular protection.
These multidomain effects point toward Semaglutide’s potential as an integrative therapy for
comorbid patients a population often excluded from mono-disease clinical trials.

In particular, clinical data from obesity-focused trials such as STEP and SELECT have
demonstrated significant weight loss, glycemic control, and cardiovascular risk reduction with
Semaglutide use (Wilding et al., 2021). While AD-specific trials are in earlier phases, preliminary
findings show cognitive stabilization and reductions in neuroinflammation biomarkers among
Semaglutide users (Gault et al., 2023). These effects underscore the potential of repurposing GLP-
1RAs beyond traditional diabetic populations into broader neurocardiometabolic applications.

7.2 Mechanistic and Clinical Coherence

The convergence of findings across preclinical, translational, and clinical domains indicates
mechanistic coherence between Semaglutide’s physiological actions and its clinical effects on the
brain-heart axis. Mechanistically, Semaglutide’s activation of GLP-1 receptors enhances insulin
sensitivity, suppresses pro-inflammatory cytokines (e.g., TNF-o, IL-6), and modulates
mitochondrial biogenesis (Murray et al., 2021). In the central nervous system, this translates into
enhanced neurogenesis, reduced oxidative stress, and stabilization of amyloid-f
aggregationhallmarks of Alzheimer’s pathology (Hunter & Hoélscher, 2012).

Cardiovascularly, Semaglutide improves endothelial function by increasing nitric oxide
bioavailability and attenuating sympathetic overdrive, both of which are critical components in the
brain-heart feedback loop (Nystrom et al., 2022). The reduction in systemic inflammation further
dampens neurovascular unit disruption, a key factor in cognitive decline among obese patients
(Ritzel et al., 2020). This mechanistic bidirectionality supports the idea that targeting shared
inflammatory and metabolic pathways may yield synergistic therapeutic effects.

The coherence is further reinforced by overlapping improvements in clinical endpoints across
different domains. For example, reductions in body weight and HbAlc correlate with improved
cerebral perfusion and decreased white matter lesions in imaging studies involving GLP-1RAs
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(Gejl et al., 2016). These outcomes support the clinical plausibility of Semaglutide as a
neurocardiometabolic modulator, making it a viable candidate for dual-disease management in
older adults.

7.3 Comparison with Existing Therapies

When benchmarked against current standards of care for both obesity and Alzheimer’s disease,
Semaglutide demonstrates a superior and more integrative therapeutic profile. Anti-obesity
medications such as orlistat and phentermine-topiramate primarily function via appetite
suppression or fat absorption inhibition and lack significant systemic anti-inflammatory or
neuroprotective effects (Apovian et al., 2015). Conversely, anti-Alzheimer’s agents such as
donepezil and memantine offer modest symptomatic relief but do not address underlying metabolic
or inflammatory drivers of disease (Cummings et al., 2019).

In contrast, Semaglutide offers pleiotropic benefits that span metabolic regulation, inflammation
control, cognitive preservation, and cardiovascular protection. This multi-target approach may
better align with the complex, multisystem nature of obesity-AD comorbidity, particularly in older
adults with polypharmacy risks. Moreover, GLP-1RAs like Semaglutide have favorable safety
profiles and are well-tolerated across a broad age spectrum (Marso et al., 2016).

It’s also important to note that no existing therapy currently integrates the brain-heart axis as a
therapeutic target. Most treatments act in siloed clinical pathways (neurology, cardiology,
endocrinology), often failing to account for the pathophysiological overlap in comorbid
populations. Semaglutide, by contrast, has the potential to serve as a unifying agent across these
specialties, potentially simplifying medication regimens and improving adherence.

7.4 Limitations in Current Evidence

Despite promising findings, the current body of evidence surrounding Semaglutide’s role in
modulating the brain-heart axis remains in its nascent stages. While multiple trials have evaluated
Semaglutide in obesity and diabetes, few have explored its specific effects on Alzheimer’s disease
progression or brain-heart physiological interactions in comorbid patients. Most available data are
extrapolated from secondary outcomes or post hoc analyses of larger metabolic trials.

Additionally, preclinical studies supporting Semaglutide’s neuroprotective actions are primarily
based on murine models, which may not fully translate to human neurobiology due to differences
in GLP-1 receptor distribution and blood-brain barrier permeability (Lai et al., 2021). Furthermore,
long-term safety and cognitive efficacy data are lacking, especially in elderly populations with
multiple comorbidities.

Another limitation is the heterogeneity of comorbid Alzheimer’s and obesity patients. The clinical
phenotype varies widely, with differing degrees of vascular burden, insulin resistance, and genetic
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susceptibility (e.g., APOE4 status). These factors may mediate the effectiveness of GLP-1
therapies, and future studies should stratify participants accordingly to improve generalizability.

Moreover, while this review provides a conceptual framework, it does not offer patient-level or
real-world observational data to support the proposed therapeutic model. Large-scale, longitudinal,
and biomarker-validated trials are required to confirm causality and optimize treatment protocols.

7.5 Clinical Translation Potential

Despite current limitations, the clinical translation potential of Semaglutide for dual management
of obesity and Alzheimer’s is strong and multifaceted. First, its regulatory approval and widespread
use in diabetes and obesity care create a pathway for off-label and compassionate use in AD
patients, pending supportive clinical data. Second, the drug’s once-weekly administration and
favorable safety profile make it highly accessible for elderly populations who often struggle with
polypharmacy and treatment compliance.

Third, Semaglutide could serve as a cornerstone therapy in integrated care models particularly in
geriatric settings where metabolic, neurological, and cardiovascular pathologies frequently co-
exist. Given the increasing burden of dual-diagnosis patients globally, a treatment that addresses
both symptom domains with one mechanism of action could reduce healthcare utilization and
improve quality of life.

Finally, the development of precision medicine strategies using biomarkers such as plasma
amyloid-f, brain natriuretic peptide (BNP), or inflammatory cytokines could help identify patients
most likely to benefit from GLP-1RAs. Early-stage clinical trials incorporating these biomarkers
may accelerate regulatory approval and uptake.

In the long term, understanding Semaglutide’s impact on the brain-heart axis could reshape
therapeutic strategies for a wide range of age-related diseases with metabolic and
neurodegenerative components. Its success would set a precedent for rethinking drug development
through the lens of inter-organ crosstalk and systems biology.

8. Future Research Directions

Despite promising findings, the therapeutic role of Semaglutide in co-managing obesity and
Alzheimer’s disease (AD) via modulation of the brain-heart axis remains a largely underexplored
frontier. Future research should focus on closing several critical gaps to ensure clinical
translatability and regulatory endorsement.

8.1. Need for Large-Scale Dual-Condition RCTs

To date, most randomized controlled trials (RCTs) have examined the effects of Semaglutide on
obesity or cognitive decline independently. There is an urgent need for large-scale, multi-center
RCTs that simultaneously enroll patients with both obesity and early-stage Alzheimer’s disease.
These studies should evaluate not only weight loss and cognitive parameters (e.g., MoCA, MMSE)
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but also neurocardiac biomarkers such as heart rate variability (HRV), B-type natriuretic peptide
(BNP), and interleukin-6 (IL-6) to substantiate the mechanistic brain-heart modulation.
Stratification by age, sex, APOE genotype, and cardiovascular comorbidities would further
elucidate patient subgroups most responsive to therapy (Henriksen et al., 2021).

8.2. Biomarker Discovery for Brain-Heart Response

Another critical direction is the identification and validation of specific biomarkers that signal
Semaglutide-induced improvements in brain-heart communication. Advanced omics platforms
including transcriptomics, metabolomics, and proteomics could be leveraged to track GLP-1
receptor (GLP-1R)-mediated modulation across the hypothalamus, vagal nuclei, and cardiac
autonomic centers (Zhou et al., 2022). Circulating microRNAs (e.g., miR-126, miR-146a) and
neurotrophic factors such as BDNF may serve as early indicators of therapeutic efficacy.
Incorporating functional MRI and echocardiographic imaging will allow correlation between
physiological improvements and anatomical responses within both neural and cardiovascular
domains.

8.3. Integration into Geriatric Medicine Protocols

With aging populations facing rising dual-burden morbidities, Semaglutide’s brain-heart benefits
must be examined within the broader context of geriatric medicine. Future studies should assess
polypharmacy interactions, fall risks, and cognitive-functional outcomes such as executive
function and independence in daily living (Morris et al., 2023). Frailty indices and cognitive
reserve measurements should be embedded into future protocols to develop practical dosing
regimens and personalized care pathways for elderly patients. Moreover, there is a need to educate
clinicians on using GLP-1 receptor agonists beyond glycemic control, positioning them as
systemic neurometabolic modulators suitable for long-term geriatric care.

Collectively, these future directions represent an opportunity to move Semaglutide from a weight-
loss agent to a first-in-class dual-purpose intervention addressing two of the most burdensome age-
related conditions through a novel neurocardiac axis approach.

9. Conclusion

Semaglutide represents a pharmacological innovation with far-reaching implications beyond its
initial indication for type 2 diabetes and obesity. This article has explored its potential role in
modulating the brain-heart axis, a central integrative pathway that appears to link
neurodegeneration and cardiometabolic dysfunction. By activating GLP-1 receptors both centrally
and peripherally, Semaglutide may reduce systemic inflammation, improve autonomic balance,
and enhance cognitive and cardiovascular outcomes in patients experiencing comorbid
Alzheimer’s disease and obesity (Gejl et al., 2023).
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The novelty of this therapeutic approach lies in its shift from siloed disease management to
systems-based modulation (Amadi, E. 2025) While traditional treatments for AD and obesity have
operated independently, targeting the neurocardiac axis through Semaglutide introduces a
framework for dual-condition therapy potentially transforming clinical protocols for complex
geriatric patients. The neuroprotective and cardiometabolic effects of Semaglutide, when
integrated, present a coherent and mechanistically plausible route for co-managing these
conditions.

Importantly, this is not merely a matter of repurposing an existing drug; it is the advancement of a
paradigm that views the brain and heart as interdependent targets for chronic disease therapy. This
shift demands collaborative research between neurologists, cardiologists, endocrinologists, and
geriatricians to reframe current intervention strategies.

In conclusion, Semaglutide holds strong translational potential in addressing one of the most
pressing multimorbidity challenges of modern medicine. Continued research, clinical trials, and
biomarker exploration will determine whether this GLP-1 receptor agonist can fulfill its promise
as a neurocardiometabolic modulator capable of improving life expectancy and quality of life in
aging populations.
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