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01 Executive Summary

Inflammaging — the chronic, sterile, low-grade inflammation that accompanies biological aging — is increasingly
recognized as a root driver of age-associated pathology across cardiovascular, metabolic, neurodegenerative, and
oncological domains. Two intracellular signaling nodes are central to this process: the NLRP3 inflammasome and the
NF-κB transcription factor. Emerging evidence across both preclinical models and randomized clinical trials reveals
that glucagon-like peptide-1 receptor agonists (GLP-1RAs) — including liraglutide, semaglutide, exenatide, and
tirzepatide — exert potent inhibitory effects on both pathways, independent of their glycemic and weight-loss actions.

This report synthesizes the current literature on GLP-1RA-mediated suppression of NLRP3 and NF-κB, covering
mechanistic preclinical studies, tissue-specific organ models, and clinical biomarker data. A 2024 updated
meta-analysis of 13 RCTs (n=26,131) confirmed semaglutide significantly lowers CRP (SMD −0.56; 95% CI −0.69 to
−0.43), with reductions of 39–60% observed in subcutaneous regimens. Mechanistically, GLP-1R activation raises
intracellular cAMP → PKA, which phosphorylates and inhibits IκB kinase (IKK), preventing NF-κB nuclear
translocation. Downstream NLRP3 transcription is thereby suppressed at the priming step. Secondary pathways
include AMPK activation, SIRT1 upregulation, and direct caspase-1 inhibition that collectively dampen IL-1β and IL-18
maturation.

Key Insight: GLP-1RAs suppress NLRP3 inflammasome activation predominantly through upstream NF-κB inhibition
— when NF-κB is pharmacologically reactivated, GLP-1's anti-inflammasome effect is abolished (Feng et al., 2021).
This positions NF-κB as the primary gatekeeper through which GLP-1R signaling modulates innate immune aging.

02 Background: Inflammaging, NLRP3 & NF-κB

2.1 The Concept of Inflammaging
Inflammaging describes the progressive accumulation of a chronic, low-grade, sterile pro-inflammatory state that
co-evolves with biological aging. Proposed by Franceschi and colleagues, it is now recognized as a hallmark of aging
and a mechanistic contributor to diseases of senescence — atherosclerosis, type 2 diabetes, Alzheimer's, sarcopenia,
and cancer. Key biomarkers include elevated circulating IL-1β, IL-6, TNF-α, and CRP, alongside increased NLRP3
inflammasome activity in tissue macrophages and microglia.

2.2 NLRP3 Inflammasome Architecture
The NLRP3 (NOD-, LRR-, and pyrin domain-containing protein 3) inflammasome is a multimolecular cytosolic complex
assembled upon detection of DAMPs and PAMPs. Assembly involves three components: the NLRP3 sensor protein,
the ASC (apoptosis-associated speck-like protein containing a CARD) adaptor, and pro-caspase-1. Upon
oligomerization, caspase-1 autocatalytically cleaves to its active form, which then processes pro-IL-1β and pro-IL-18
into their mature secreted forms. Caspase-1 also cleaves gasdermin-D (GSDMD), inducing pore formation and
pyroptotic cell death — a highly inflammatory form of lytic programmed cell death that amplifies local cytokine release.

NLRP3 activation is a two-signal process: Signal 1 (Priming) via TLR4/NF-κB upregulates NLRP3 gene transcription
and pro-IL-1β synthesis. Signal 2 (Activation) via DAMP stimuli (ATP, cholesterol crystals, uric acid, mtROS, oxidized
lipids) triggers inflammasome oligomerization. GLP-1RAs appear to inhibit primarily Signal 1, acting at the NF-κB
priming step.
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2.3 NF-κB in Inflammatory Aging
Nuclear factor-kappa B (NF-κB) is the master transcriptional regulator of the innate immune response. In the canonical
pathway, IKKβ phosphorylates IκB, causing its ubiquitination and proteasomal degradation, releasing p65/p50 dimers
to translocate to the nucleus. NF-κB drives expression of >150 inflammatory genes including TNF-α, IL-6, IL-1β,
COX-2, and NLRP3 itself. With aging, tonic NF-κB activation elevates due to persistent DAMP signaling, reduced
autophagy, mitochondrial dysfunction, and SASP (senescence-associated secretory phenotype) from accumulated
senescent cells.

2.4 GLP-1R Signaling Cascade
The GLP-1 receptor is a class B G-protein-coupled receptor (Gs-coupled) expressed on pancreatic β-cells,
hypothalamic neurons, vagal afferents, cardiomyocytes, endothelial cells, macrophages, and microglia. Upon ligand
binding, Gs stimulates adenylyl cyclase → cAMP accumulation → PKA activation → CREB phosphorylation. In immune
cells, cAMP/PKA suppresses NF-κB by: (1) phosphorylating IκBα (preventing its degradation), (2) inhibiting IKKβ kinase
activity, and (3) activating SIRT1/AMPK, which deacetylates NF-κB p65, reducing its transcriptional activity. This
cascade ultimately suppresses both NLRP3 priming and downstream IL-1β/IL-18 maturation.

GLP-1R Activation → cAMP ↑ / PKA activation

PKA phosphorylates IκBα → IKKβ inhibited → NF-κB stays cytoplasmic

NLRP3 transcription ↓ → Inflammasome priming suppressed

AMPK / SIRT1 ↑ → NF-κB p65 deacetylation → reduced DNA binding

Caspase-1 activity ↓ → IL-1β / IL-18 maturation blocked

GSDMD cleavage ↓ → Pyroptosis reduced → lower DAMP release

Figure 1. GLP-1R signaling cascade suppressing NLRP3/NF-κB axis.
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03 Preclinical Evidence

Preclinical models spanning rodent metabolic disease, neurodegeneration, vascular inflammation, and respiratory
disease collectively demonstrate that GLP-1RA treatment consistently suppresses NLRP3 inflammasome components
and NF-κB activation across multiple tissues. Key findings are summarized below.

3.1 Perivascular Adipose Tissue — Feng et al., 2021
In Zucker diabetic fatty (ZDF) rats — a robust model of T2D with obesity and dyslipidemia — liraglutide (200
µg/kg/day s.c., 12 weeks) dramatically reversed NLRP3 inflammasome activation in perivascular adipose tissue (PVAT)
surrounding the aortic arch. This is a landmark study because it mechanistically confirmed NF-κB as the upstream
driver: when NF-κB was pharmacologically reactivated with betulinic acid, liraglutide's anti-inflammasome effect was
fully abolished.1

Biomarker Control DM (Vehicle) DM + GLP-1 DM + NF-κB + GLP-1

NLRP3 Normal ↑↑ (p<0.05) ↓ (p<0.05) ↑ (effect lost)

Cleaved Caspase-1 Normal ↑↑ (p<0.05) ↓ (p<0.05) ↑ (effect lost)

ASC Normal ↑↑ (p<0.05) ↓ (p<0.05) ↑ (effect lost)

IL-1β Normal ↑↑ (p<0.05) ↓ (p<0.05) ↑ (effect lost)

IL-18 Normal ↑↑ (p<0.05) ↓ (p<0.05) ↑ (effect lost)

GSDMD Normal ↑↑ (p<0.05) ↓ (p<0.05) Partially restored

NF-κB p65 Normal ↑↑ (p<0.05) ↓ (p=0.035) ↑ (effect lost)

Table 1. PVAT inflammasome markers in ZDF rats — Feng et al. (2021, PMC7917887).

3.2 Hypothalamic Neuroinflammation — Marinho et al., 2024
In diet-induced obese male C57BL/6J mice, semaglutide (GLP-1 analogue) significantly reduced hypothalamic
expression of NLRP3 inflammasome complex genes (Nlrp3, Caspase-1, Il1b, Il18) alongside microglial activation
markers (Iba1, Cd68). Principal components analysis showed that semaglutide-treated HF-diet mice clustered with the
lean control group — not the pair-fed control — demonstrating that these effects were independent of caloric
restriction or weight loss per se.2

Gene/Protein HF Diet (Vehicle) HF + Semaglutide Effect

Nlrp3 (mRNA) High Significantly ↓ Weight-independent

Caspase-1 (mRNA) High Significantly ↓ Weight-independent

Il1b (mRNA) High Significantly ↓ Weight-independent

Il18 (mRNA) High Significantly ↓ Weight-independent

TNF-α (protein) Elevated Reduced Semaglutide-specific

Iba1 (microglia) High Significantly ↓ Direct CNS effect
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Cd68 (microglia) High Significantly ↓ Direct CNS effect

Table 2. Hypothalamic inflammasome genes in semaglutide-treated obese mice — Marinho et al. (2024,
DOI:10.1016/j.brainres.2024.149225).

3.3 Diabetic Neuropathic Pain & Brain Microglial NLRP3 — Zhang et al., 2022
In diabetic neuropathic pain (DNP) rats, intracerebroventricular GLP-1RA significantly attenuated thermal and
mechanical allodynia. RNA sequencing identified NLRP3 as the primary microglial target. GLP-1RA reduced NLRP3
expression in brain microglia and blocked NLRP3 inflammasome activation in LPS-stimulated microglia in vitro,
demonstrating direct CNS immunomodulatory activity beyond systemic metabolic effects.3

3.4 Cerebral Ischemia-Reperfusion — Mi et al., 2024
In a transient middle cerebral artery occlusion (tMCAO) rat model, semaglutide (10 nmol/kg i.p., every other day)
significantly reduced NF-κB p65 levels in the ischemic penumbra at all assessed time points (1, 3, 7 days
post-reperfusion; p<0.001). Simultaneously, semaglutide shifted microglial phenotype from M1 (CD68+) to M2
(CD206+) and reduced TNF-α, resulting in reduced infarct volume and improved neurological scores.4

3.5 Obese Asthma — Hur et al., 2021
In obese asthma mice (HFD + OVA sensitization), GLP-1RA administration suppressed NLRP3, activated caspase-1,
and IL-1β in lung tissue, alongside reductions in eosinophilic airway inflammation and airway hyperresponsiveness.
Weight loss explained only part of the effect; direct NLRP3 pathway suppression was confirmed independently of BMI
change.5

3.6 Liraglutide & TLR4/NF-κB in Diabetic Kidney Disease — Huang et al., 2024
In streptozotocin-induced diabetic mice and high-glucose-cultured mesangial cells, liraglutide significantly attenuated
TLR4/MyD88/NF-κB signaling, reduced extracellular matrix protein upregulation, and suppressed inflammatory
markers. TLR4 siRNA abrogated liraglutide's protective effects, confirming TLR4 as an upstream regulator mediating
NF-κB inhibition.6

3.7 DPP-4 Inhibitors via GLP-1R: NLRP3 Suppression in Macrophages — Dai et al.,
2014
DPP-4 inhibitors (which raise endogenous GLP-1) suppressed NLRP3 inflammasome assembly and IL-1β via GLP-1R in
macrophages through a protein kinase C (PKC)-dependent pathway, providing early mechanistic evidence for GLP-1
axis control of the inflammasome independent of exogenous agonist administration.7

Summary Table: Preclinical Studies
Study Agent Model Pathway Key Molecular Outcomes

Feng 2021 Liraglutide
200µg/kg

ZDF rat PVAT (T2D) NF-κB → NLRP3 ↓NLRP3, ↓Casp-1, ↓IL-1β, ↓IL-18,
↓GSDMD

Marinho 2024 Semaglutide Obese C57BL/6J mice
hypothalamus

NLRP3 complex ↓Nlrp3, ↓Casp-1, ↓Il1b, ↓Il18, ↓Iba1

Zhang 2022 GLP-1RA (i.c.v.) DNP rat brain microglia NLRP3 ↓NLRP3 in microglia; ↓allodynia
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Mi 2024 Semaglutide
10nmol/kg

tMCAO rat penumbra NF-κB (p65) ↓p65 NF-κB, ↓CD68, ↑CD206,
↓TNF-α

Hur 2021 GLP-1RA (i.p.) Obese asthma mice
(OVA+HFD)

NLRP3 ↓NLRP3, ↓Casp-1, ↓IL-1β in lung

Huang 2024 Liraglutide STZ diabetic mice kidney TLR4/MyD88/NF
-κB

↓NF-κB, ↓ECM proteins, ↓inflammation

Dai 2014 DPP-4i
(↑endogenous
GLP-1)

Macrophages GLP-1R → PKC →
NLRP3

↓NLRP3, ↓IL-1β via GLP-1R/PKC

Lv 2021 DA5-CH
(GLP-1/GIP)

MPTP PD mouse brain NF-κB ↓NF-κB, ↓IL-6, ↓IL-1β, ↓Iba1, ↑GDNF

Xiao 2015 Liraglutide OVA asthma mice airways PKA-NF-κB ↓NF-κB nuclear translocation,
↓cytokines

Table 3. Summary of key preclinical studies on GLP-1RA modulation of NLRP3 and NF-κB.
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04 Clinical Evidence

Clinical translation of GLP-1RA anti-inflammatory effects has been evaluated primarily through CRP as a systemic
biomarker of NLRP3/NF-κB-driven chronic inflammation. A growing body of prospective RCTs and real-world
database analyses also captures tissue-specific inflammatory outcomes, immune cell profiles, and event-level
endpoints.

4.1 Semaglutide Anti-Inflammatory Meta-Analysis — Rodriguez-Granillo et al., 2024
An updated PRISMA-compliant systematic review and meta-analysis by Rodriguez-Granillo et al. identified 13 RCTs
(n=26,131; semaglutide n=13,923 vs. control n=12,208) that quantified CRP as an inflammatory biomarker outcome.
The analysis demonstrated that semaglutide consistently and significantly reduces CRP regardless of formulation or
T2DM status — with an overall standardized mean difference (SMD) of −0.56 vs. placebo (p<0.001), and 39–60% CRP
reductions observed across SELECT, STEP-3, STEP-5, and STEP-HFpEF trials.8

Subgroup SMD 95% CI I² Key Trials

Overall vs. placebo −0.56 −0.69 to −0.43 92% SELECT, STEP-1,2,3,5,6,8, OASIS-1, PIONEER

Overall vs. active control −0.45 −0.68 to −0.23 82% SUSTAIN-3, PIONEER-2

Subcutaneous semaglutide −0.69 −0.78 to −0.60 74% SELECT, STEP series

Oral semaglutide −0.33 −0.75 to 0.08 95% PIONEER series

T2DM population −0.32 −0.51 to −0.14 86% SUSTAIN-3, PIONEER-1,2,5

Non-T2DM population −0.82 −0.90 to −0.74 58% STEP-1,3,5,8, OASIS-1

Table 4. Meta-analysis results: semaglutide CRP reduction — Rodriguez-Granillo et al. (2024, PMC11270812).

Notable finding: The anti-inflammatory effect was greater in non-T2DM populations (SMD −0.82) than in T2DM
(SMD −0.32), suggesting inflammation reduction is not merely secondary to glycemic improvement. This directly
supports GLP-1RA as an inflammaging intervention in metabolically normal but inflamed/overweight individuals.

4.2 Liraglutide Inhibits NF-κB via SIRT1 in T2D Patients — Savchenko et al., 2019
A pilot clinical study (n=15 obese T2D patients) evaluated add-on liraglutide (1.2 mg/day, 6 weeks) on NF-κB pathway
components in peripheral mononuclear cells (MNCs). Liraglutide significantly reduced mRNA expression of TNF-α, IκB,
TLR2, TLR4, and plasma ceruloplasmin, while upregulating SIRT1 mRNA. Critically, these effects persisted for 6 weeks
after stopping liraglutide, suggesting epigenetic programming of the NF-κB locus via SIRT1-dependent deacetylation.9

Biomarker Baseline 6 Weeks (Liraglutide) 6 Weeks After Stop p-Value

TNF-α mRNA (MNC) Elevated ↓ Significantly Below baseline <0.05

IκB mRNA (MNC) Elevated ↓ Significantly Below baseline <0.05

TLR2 mRNA (MNC) Elevated ↓ Significantly Below baseline <0.05

TLR4 mRNA (MNC) Elevated ↓ Significantly Below baseline <0.05
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SIRT1 mRNA (MNC) Baseline ↑ Significantly Elevated vs. baseline <0.05

Ceruloplasmin (plasma) Elevated ↓ Significantly Below baseline <0.05

Table 5. Liraglutide effects on NF-κB pathway components in obese T2D patients — Savchenko et al. (2019).

4.3 GLP-1RA in Inflammatory Bowel Disease — Johnson et al., 2026
A large real-world database study using the Mayo Clinic Platform (~8 million patients) compared GLP-1RA-treated
(liraglutide/semaglutide/tirzepatide; n=580 with IBD) against propensity-score-matched IBD controls. GLP-1RA use
was associated with dramatically improved IBD-specific outcomes independent of T2DM or BMI, providing clinical
evidence for NF-κB-mediated anti-inflammatory activity in gut mucosa.10

IBD Outcome GLP-1RA (UC) Control (UC) Odds Ratio p-Value

Corticosteroid use 46.6% 85.1% 0.15 (0.11–0.22) <0.001

Hospitalization 40.9% 65.9% 0.35 (0.25–0.48) <0.001

Intestinal resection 6.5% 20.8% 0.27 (0.16–0.45) <0.001

Mortality 4.6% 22% 0.17 (0.10–0.30) <0.001

Table 6. GLP-1RA vs. matched controls in ulcerative colitis — Johnson et al. (2026, Gastroenterology, DOI:10.1053/j.gastro.2025.10.065).

4.4 GLP-1RA Reduces AD-Associated Inflammatory Proteins — Joyce et al., 2024
A post hoc proteomics analysis of the EXSCEL RCT (exenatide QW vs. placebo; 14,752 T2D patients) found that
exenatide significantly reduced circulating levels of inflammatory proteins associated with Alzheimer's disease
pathology, particularly in patients ≥65 years. This supports the hypothesis that GLP-1RA-driven neuroinflammation
suppression — mediated in part through NF-κB and NLRP3 inhibition in microglia — may reduce dementia risk.11

4.5 GLP-1RA and Clonal Hematopoiesis — Orland et al., 2025
In a registry of CHIP/CCUS patients (n=199), GLP-1RA initiation after molecular diagnosis was associated with
declining or undetectable mutant clonal burden over 9–20 months. Across 147,556 MDS patients in TriNetX,
GLP-1RA use was associated with significantly lower AML progression in low-risk MDS subtypes (e.g., MDS-RS: 5.6%
vs 18.0% AML progression, OR=0.272, p=0.0003). The proposed mechanism involves GLP-1R-mediated dampening of
NF-κB and NLRP3 in monocytes/macrophages, reducing inflammatory fitness of mutant progenitor clones.12

Clinical Studies Summary Table
Study Design Agent n Population Inflammatory Outcome

Rodriguez-Granillo
2024

Sys.
Rev./Meta-analysis

Semaglutide 26,131 T2DM + Obesity
(13 RCTs)

CRP ↓39–60%; SMD −0.56 vs.
placebo

Savchenko 2019 Prospective pilot Liraglutide
1.2mg/d

15 Obese T2DM ↓TNF-α, ↓TLR2/4, ↓IκB; ↑SIRT1
in MNCs

Johnson 2026 Real-world DB
(propensity)

Lira/Sema/Tirz 580
IBD

IBD +
obesity/T2DM

↓Steroid use (OR 0.15), ↓mortality
(OR 0.17)

Joyce 2024
(EXSCEL)

Post hoc RCT
proteomics

Exenatide QW 14,752 T2DM ≥65y with
CVD

↓AD inflammatory proteome;
sustained >65y
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Orland 2025 Registry + TriNetX GLP-1RAs
(various)

147,55
6 MDS

CHIP/CCUS/MDS ↓AML progression (OR 0.27);
↓clonal burden

Ceriello et al. Randomized Semaglutide
1.6mg/wk

~20 T2DM ↓IL-6, ↓nitrotyrosine,
↓8-iso-PGF2α, ↓HbA1c

Table 7. Summary of clinical studies evaluating GLP-1RA anti-inflammatory effects on NLRP3/NF-κB-related biomarkers.
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05 Drug-Specific Profiles

Different GLP-1RAs vary in receptor binding kinetics, half-life, tissue penetration, and co-agonist profiles — all of
which influence their anti-inflammatory potency and tissue-specific reach. The table below synthesizes drug-specific
evidence for NLRP3/NF-κB inhibition.

Drug Class Half-Life NLRP3 Evidence NF-κB Evidence Anti-Inflamm.
Strength

Liraglutide GLP-1RA
(mono)

~13h PVAT (ZDF rat); lung
(asthma)

TLR4/MyD88/NF-κB
(kidney); SIRT1/NF-κB
(human MNCs)

Strong —
multi-tissue

Semaglutide GLP-1RA
(mono)

~1 week Hypothalamic NLRP3
(obese mice); systemic
CRP (13 RCTs)

↓p65 NF-κB in stroke
penumbra (rat)

Strongest clinical
evidence

Exenatide GLP-1RA
(mono)

2.4h (QD) /
2wk (QW)

Asthma models;
macrophage NLRP3 (via
DPP-4i)

Suppressed NF-κB p65 in
kidney; PD models; human
IBD

Moderate —
well-studied

Tirzepatide GLP-1 + GIP
(dual)

~5 days Indirect (via GLP-1R
component)

Adipose inflammation
modulation

Emerging — limited
data

DA5-CH GLP-1 + GIP
(dual)

Research Limited ↓NF-κB, ↓IL-6/IL-1β in
MPTP PD model

Preclinical only

Dulaglutide GLP-1RA
(mono)

~5 days Indirect CVD/renal
models

↓CVD events (REWIND);
↓cognitive impairment

Moderate — clinical
endpoints

Table 8. GLP-1RA drug profiles with regard to NLRP3 and NF-κB evidence (preclinical and clinical).

Semaglutide holds the strongest and broadest clinical evidence base for anti-inflammatory activity (13 RCTs, 26K+
patients, SMD −0.56 CRP reduction, ↓MDS/AML progression). Liraglutide has the deepest mechanistic tissue-level
evidence (PVAT/NF-κB/SIRT1). Dual agonists (tirzepatide, DA5-CH) are emerging and may offer additive
anti-inflammatory benefit via GIP receptor co-signaling.
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06 Tissue-Specific Evidence Summary

Tissue / Organ GLP-1R
Expression

NLRP3 Inhibited? NF-κB Inhibited? Representative Study

Perivascular Adipose Present
(macrophages)

Yes — NLRP3, ASC,
Casp-1

Yes — upstream
driver

Feng 2021

Hypothalamus (CNS) High (neurons,
microglia)

Yes — NLRP3, Il1b,
Il18

Not directly tested Marinho 2024

Brain Microglia Present (microglia) Yes — NLRP3, LPS
model

Yes — NF-κB p65 Zhang 2022; Mi 2024

Kidney (Mesangial) Present Indirect (via NF-κB) Yes —
TLR4/MyD88/NF-κB

Huang 2024

Lung (Airway) Present
(eosinophils)

Yes — NLRP3, Casp-1 Yes — PKA→NF-κB Hur 2021; Xiao 2015

Vascular Endothelium Present (HAECs) Indirect (via
inflammation)

Yes — NF-κB, TNF-α
signaling

Cacicedo 2014

Liver (Kupffer cells) Present Via NF-κB
suppression

Yes —
cAMP/PKA/NF-κB

Alharbi review 2024

Gut (IBD mucosa) Present (EECs) Via NF-κB/AKT
pathway

Yes — AKT/NF-κB,
MAPK

Johnson 2026; Zhang UC 2023

Blood (MNCs) Present
(monocytes)

Via NF-κB priming
block

Yes — IκB, TLR2/4,
SIRT1

Savchenko 2019

Hematopoietic (BM) Present
(macrophages)

NLRP3 in monocyte
clones

Yes — NF-κB in
mutant clones

Orland 2025

Table 9. Tissue-specific GLP-1RA evidence for NLRP3 and NF-κB inhibition across organ systems.
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07 Longevity & Gerotherapeutic Implications

The convergence of NF-κB/NLRP3 suppression with known hallmarks of aging positions GLP-1RAs as plausible
gerotherapeutic agents — not merely metabolic drugs. The evidence base is maturing across multiple axes relevant to
longevity biology.

7.1 Interactions with Aging Hallmarks
Hallmark of Aging GLP-1RA Mechanism Evidence Level

Inflammaging / Altered
intercellular
communication

Direct NLRP3/NF-κB suppression → ↓IL-1β, IL-6, TNF-α,
CRP

Strong (preclinical + clinical
RCT)

Cellular Senescence (SASP) NF-κB inhibition suppresses SASP cytokines from senescent
cells

Moderate (indirect)

Mitochondrial Dysfunction cAMP/PKA/AMPK activation → reduced mtROS → less
NLRP3 signal 2 activation

Preclinical models

Deregulated Nutrient
Sensing

AMPK activation, SIRT1 upregulation, reduced mTORC1
activity

Preclinical +
pharmacokinetic

Clonal Hematopoiesis
(CHIP)

↓NF-κB/NLRP3 in mutant clones → reduced inflammatory
fitness → less clonal expansion

Human registry + TriNetX

Neurodegeneration BBB-penetrant agents (exenatide) → microglial NLRP3↓,
NF-κB↓, ↑BDNF/GDNF

Phase II RCT (Parkinson's)

Cardiometabolic Aging SELECT trial: ↓MACE 20%, ↓CRP up to 60%, ↓HFpEF
outcomes

Strong (large RCT)

Table 10. GLP-1RA interactions with hallmarks of aging via NLRP3/NF-κB pathways.

7.2 Ongoing Clinical Trials Relevant to Inflammaging
Trial Agent Indication ID Status

EVOKE / EVOKE+ Semaglutide (oral) Early Alzheimer's disease NCT04777396 Ongoing (Phase
III)

FLOW Semaglutide CKD outcomes in T2DM NCT03819153 Completed
(positive)

SELECT Semaglutide 2.4mg CVD risk in obesity (no T2DM) NCT03574597 Completed
(positive)

Exenatide-PD3 Exenatide QW Parkinson's disease
modification

NCT04232969 Ongoing

STEP-HFpEF Semaglutide 2.4mg Heart failure (HFpEF) NCT04788511 Completed
(positive)

CHIP-GLP-1 Study GLP-1RA (various) CHIP/CCUS clonal evolution Institution-based Prospective
(n=150)
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Table 11. Selected ongoing and recently completed clinical trials exploring GLP-1RA anti-inflammatory and gerotherapeutic effects.
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08 Gaps, Limitations & Future Directions

Limited direct NLRP3/NF-κB measurement in clinical trials

Most clinical studies use CRP as a surrogate. Few RCTs directly quantify NLRP3 activation, caspase-1 activity, or IL-1β/IL-18 in
human tissue biopsies. The CHIP/CCUS registry represents an emerging exception.

Disentangling weight-loss from direct anti-inflammatory effects

Adiposity is a driver of NLRP3 activation. The Marinho 2024 hypothalamic study (semaglutide vs. pair-fed controls) is one of
the few that explicitly shows weight-loss-independent NLRP3 suppression. More mechanistic studies are needed in lean,
non-diabetic aging models.

Tissue penetration and CNS access of different GLP-1RAs

Only agents that cross the BBB (exenatide, some small-molecule GLP-1R agonists) can directly suppress microglial NLRP3.
Liraglutide has poor CNS penetration; semaglutide enters via vagal and circumventricular organ routes. This is critical for
neuroinflammaging applications.

Duration and reversibility of epigenetic NF-κB reprogramming

Savchenko 2019 reported persistent NF-κB suppression 6 weeks after stopping liraglutide, suggesting epigenetic remodeling
via SIRT1. Long-term follow-up studies are lacking.

Head-to-head comparisons between GLP-1RAs on inflammaging endpoints

No RCT has directly compared liraglutide vs. semaglutide vs. tirzepatide on NLRP3/NF-κB or systemic inflammaging
biomarkers. The meta-analysis shows route/formulation differences but not head-to-head comparator data.

Biomarker standardization

IL-1β, IL-18, and NLRP3 activity are not routinely measured in large trials. Development of accessible, clinically validated
NLRP3 activity assays would significantly accelerate this field.
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09 Conclusions

GLP-1 receptor agonists represent a mechanistically coherent and clinically validated class of anti-inflammaging
agents. The body of evidence reviewed here supports the following conclusions:

1

NF-κB is the primary upstream target

GLP-1R → cAMP → PKA suppresses IKKβ → IκB stabilization → NF-κB nuclear exclusion. This blocks NLRP3
transcriptional priming. Proof-of-concept: betulinic acid NF-κB reactivation abolishes liraglutide's NLRP3 suppression
(Feng 2021). SIRT1 upregulation provides epigenetic reinforcement of NF-κB silencing.

2
NLRP3 inflammasome suppression is multi-tissue and consistent

Consistent downregulation of NLRP3, ASC, caspase-1, IL-1β, and IL-18 is documented in perivascular adipose,
hypothalamus, brain microglia, kidney, lung, and gut across at least 9 independent preclinical models.

3

Clinical anti-inflammatory effect is robust and weight-loss-independent

Meta-analysis of 13 RCTs confirms semaglutide reduces CRP (SMD −0.56, 95% CI −0.69 to −0.43) with greatest effect in
non-T2DM populations (SMD −0.82), confirming glucometabolic action is not the primary driver of inflammation
reduction.

4

Potential gerotherapeutic relevance across 7 aging hallmarks

GLP-1RA interaction with inflammaging, cellular senescence (SASP), mitochondrial ROS, nutrient sensing (AMPK/SIRT1),
clonal hematopoiesis, neurodegeneration, and cardiovascular aging suggests broad gerotherapeutic potential beyond any
single organ-specific indication.

5
Key knowledge gap: direct NLRP3 biomarkers in clinical trials

CRP remains the dominant clinical surrogate. Trials with direct caspase-1, IL-18, or NLRP3-ASC-speck measurement in
circulating monocytes would substantially strengthen the translational evidence chain.

This report is intended for research and informational purposes only. It does not constitute medical advice. All referenced
compounds should be used only in contexts approved by applicable regulatory bodies and ethics frameworks.
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