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Cells 2024, 13, 1906.

Inflammation is an essential biological process that serves as the body’s 
first line of defence against harmful stimuli, including pathogens, damaged 
cells, and irritants. 

While acute inflammation is crucial for healing and recovery, chronic 
inflammation can lead to a variety of diseases, including cancer, 
cardiovascular disorders, and autoimmune conditions





Disfunctional adipocytes and M1  
macrophages induces several factors 
(FFAs; TNF-alfa; iL-6; iL-1beta; MCP-1; 
CCR2; CCR5, Leptin and LPS) wich
creates complex systemic environments. 
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Nutrients 2025, 17, 2835

Oxidative stress and obesity-related low-grade inflammation (↑IL-6,
TNF-α) disrupt neurotransmitter balance (↓serotonin, altered GABA),
impair neural function, and promote anxiety. Shared mechanisms include
chronic inflammation, mitochondrial dysfunction, NADPH oxidase
activity, and reduced antioxidant defenses, leading to ROS overproduction,
oxidative brain damage, appetite dysregulation, and a mutually
reinforcing relationship of metabolic and neuropsychiatric disturbances

IR is closely associated with visceral obesity, where 
chronic low-grade inflammation (↑IL-6, TNF-α) 
disrupts insulin signaling. Reduced insulin
action in the CNS may affect the frontal lobe and 
hippocampus, leading to HPA axis hyperactivity, 
cortisol dysregulation, and serotonergic imbalance,
which could increase susceptibility to GAD. 

Gut dysbiosis (↓diversity, altered 
Firmicutes/Bacteroidetes ratio,
↓SCFA-producing bacteria) is observed in both obesity 
and GAD. In
obesity, it enhances energy harvest, fat storage, bile acid 
disturbances, and systemic inflammation via LPS 
translocation. These changes activate immune 
responses and HPA axis dysregulation, creating a 
bidirectional gut–brain feedback loop that exacerbates 
both metabolic and anxiety symptoms.



Molecular Basis of Disease 1866 (2020) 165767

impaired hippocampal-dependent cognition
poor verbal fluency
reduced white matter integrity



Obesity Medicine Volume 54 March 2025, 100585
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Blood inflammatory profiles. Lung  inflammatory profiles. Foldchange of 
cytokine levels in bronchoalveolar lavages 
(BALs)



J Clin Oncol 34:4270-4276

Breast white adipose tissue inflammation is detected by the presence of crown-
like structures of the breast (CLS-B).

The inflammatory process 
associated with CLS of the 
breast includes activation 
of nuclear factor-kappa B, 
a transcription factor 
linked to both 
inflammation and the 
development and 
progression of tumors

Breast WAT inflammation is 
paralleled by increased tissue 
levels of aromatase



Curr Opin Pharmacol. 2016 August ; 29: 77–89 



Front. Cardiovasc. Med. 8:768119.

Critical regulators of inflammation in obesity and CVD



J Am Coll Cardiol. 2018;71(20):2360–72.

Potential Role of Epicardial Adipose Tissue in 
Heart Failure With a Preserved Ejection 
Fraction

Epicardial Adipose Tissue May Act as the Transducer That Mediates the 
Effect of Chronic Systemic Inflammatory Disorders to
Cause Coronary Atherosclerosis, Atrial Arrhythmias, and Heart Failure 
With Preserved Ejection Fraction
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Cardiovascular Research (2021) 117, 1859–1876

higher risk of renal insufficiency
was associated with abdominal 
obesity in patients with 
essential HT after
adjustment for others fdr
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Metabolism 70: 12– 22, 2017.

Changesi n circulating plasma markers and mRNAexpression in 
subcutaneous adipose tissue from baseline (visit 1) to one (visit 2) and 12 
(visit 3) months after bariatric/metabolic surgery. (A) No change in 
circulating CRP (●), IL-6 (■), and adiponectin (▲) within the first month of 
surgery. By 12 months,relative to baseline levels, circulating adiponectin 
exhibited a marked increase (*p = 0.003), while CRP (**p = 0.002) but not 
IL-6 (p = 0.183) concentrations were significantly reduced. (B) There were 
no significant changes in mRNA expression patterns for TNFα (●), IL-1β 
(◆), IL-6 (■) and adiponectin (▼)in subcutaneous adipose tissue from 
baseline out to 12 months post-surgery, except for a downward trend in 
adiponectin expression (p = 0.069).



- GLP-1 receptor activation potently inhibits nuclear factor kappa B (NF-
κB), the master transcriptional regulator of inflammation. 

- The inflammasome, particularly the NLRP3 complex, represents another 
critical target. GLP-1 RAs suppress NLRP3 inflammasome activation 
through multiple mechanisms: inhibition of priming signals via reduced 
NF-κB activity, attenuation of reactive oxygen species generation through 
enhanced mitochondrial function, induction of autophagy that removes 
damaged mitochondria serving as inflammasome triggers, and direct 
interference with NLRP3-ASC interaction through PKA-mediated 
phosphorylation . 

- Direct immunomodulatory effects occur through GLP-1 receptors 
expressed on mul tiple immune cell populations. In macrophages, GLP-1 
signaling promotes polarization from the pro-inflammatory M1 to the anti-
inflammatory M2 phenotype through STAT6 activation and metabolic 
reprogramming . 



Anti-inflammatory effects of semaglutide 2.4 mg

Adapted from Verma S, et al. EClinicalMedicine. 2022 Nov 29;55:101737.

0

Estimated change from baseline for treatment policy estimand. *Relative changes from baseline (log-transformed before analysis) to week 104, estimated using ANCOVA 
with treatment as factor and the baseline value as covariate. CIs have not been adjusted for multiplicity.
ANCOVA, analysis of covariance; hsCRP, high-sensitivity C-reactive protein.

Adapted from 1. Wilding et al. N Engl J Med 2021; doi:10.1056/NEJMoa2032183; 2. Wadden et al. JAMA. doi:10.1001/jama.2021.1831; 3. Garvey et al. Nat Med 28, 
2083–2091 (2022); 4. Rubino et al. JAMA 2022; 327(2): 138-150; 5. Kosiborod MN, et al. N Engl J Med. 2023;389(12):1069-1084. 6. Lincoff AM, et al. N Engl J Med. 
2023;389(24):2221-2232.



N Engl J Med. 2023 Dec 14;389(24



Semaglutide downregulates expression of inflammatory genes
Expression of inflammatory genes is lower in mice treated with semaglutide

ABCA1, ATP-binding cassette transporter; CCL2, chemokine ligand 2; IL1RN, interleukin-1 receptor antagonist; IL6, interleukin-6; LDL, low density 
lipoprotein; MMP, matrix metalloproteinase; OPN, osteopontin; PTGIS, prostaglandin I2 synthase; SELE, selectin E; VCAM, vascular cell adhesion 
molecule.
Rakipovski et al. JACC Basic Transl Sci 2018;3:844–57. 

LDL receptor 
knockout mice

Western Diet-fed
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JACC Basic Trans Science. 2018;3(6):844–57. 

GLP-1R activation

Gut
GLP-1Rs

Inflammation Lipid deposition

Anti-atherosclerotic effect Independent of BW 
and glucose

Plaque lesion 
development

Inflammatory pathways in 
plaque tissue
Leukocyte recruitment (IL-6, IL-1RN, CCL2, OPN)
Leukocyte rolling, adhesion and extravasation (SELE, VCAM1)
Cholesterol metabolism (ABCA1, PTGIS)
Extracellular matrix protein turnover (MMP-3 and 13)
Plaque hemorrhage (CD163)

TGs
ApoB48

IELs
Brunner’s glands

Permeability

Semaglutide has anti-atherosclerotic effects 
Attenuation of plaque lesion area in mouse models of 
atherosclerosis is independent of dose











Sci Rep 2022; 12: 1567.

Expression of GLP-1 receptor in OA human and non-OA 
mouse knee joint

Anti-inflammatory effects of liraglutide in murine primary 
chondrocytes. 





A comprehensive meta-analysis of 
28 randomized controlled trials 
involving 77,485 participants 
demonstrated that GLP-1 RAs were 
associated with a 14% lower risk of 
respiratory disease 

Diabetology & Metabolic Syndrome 



A comprehensive meta-analysis of 28 randomized controlled trials involving 
77,485 participants demonstrated that GLP-1 RAs were associated with a 14% 
lower risk of respiratory disease 

Pharmaceutics 2025, 17, 1036



A comprehensive meta-analysis of 28 randomized controlled trials involving 
77,485 participants demonstrated that GLP-1 RAs were associated with a 14% 
lower risk of respiratory disease 

Pharmaceutics 2025, 17, 1036
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