Supplementary Materials
Evidence for reduced migraine reporting with GLP-1 receptor agonists
Supplementary Methods
Network Pharmacology
GLP-1 RA drug targets were retrieved from multiple pharmacological databases including STITCH, DrugBank, and published literature. Migraine disease targets were obtained from DisGeNET (score >0.1) and GeneCards (relevance score >1.0). The intersection of drug and disease target sets yielded 17 shared targets. A protein-protein interaction (PPI) network was constructed using STRING v11.5 (confidence >0.4). Hub genes were identified by integrated centrality analysis (degree, betweenness, closeness, and eigenvector centrality). Gene Ontology and KEGG pathway enrichment analyses were performed using Enrichr with Benjamini-Hochberg correction (adjusted P < 0.05).
Molecular Docking
Small-molecule docking was conducted using AutoDock Vina v1.2.5 for two oral GLP-1 RAs (orforglipron, danuglipron) against eight migraine-relevant protein targets (NOS3, TRPV1, CALCRL/RAMP1, PTGS2, TNF, IL6, NFKB1, IL1B). Receptor structures were obtained from the Protein Data Bank. Preparation included removal of water molecules and co-crystallised ligands, addition of polar hydrogens, and Gasteiger charge assignment. Reference compounds included olcegepant (CGRP antagonist), capsazepine (TRPV1 antagonist), and acetazolamide (carbonic anhydrase inhibitor). Grid boxes were centred on known active sites with exhaustiveness = 32.
Peptide-protein docking was performed using HDOCK for the GLP-1(7-36) peptide against five key targets selected by highest degree centrality in the PPI network (TRPV1, TNF, CALCRL/RAMP1, NOS3, CA2). The remaining three AutoDock Vina targets (IL6, NFKB1, IL1B) were excluded from HDOCK analysis as peptide docking for these targets requires experimentally validated complex structures not available in the PDB. Docking scores (lower values indicate stronger binding) were used to rank binding affinity.
Transcriptomic Corroboration
GEO dataset GSE109558 (vestibular migraine peripheral blood, n = 6 vs 6) and GSE53195 (migraine blood transcriptome) were analysed. Normalised expression matrices were obtained from GEO. Differential expression was assessed using Welch's t-test with Benjamini-Hochberg correction. Genes meeting |log2FC| > 0.5 and adjusted P < 0.05 were considered differentially expressed. Target gene expression was compared between migraine and control samples.

Supplementary Table 1. Omega Shrinkage-Adjusted Estimates
Supplementary Table 1.
	Tier
	Drug
	Population
	Original ROR
	Omega ROR (95% CI)
	Diff (%)

	Tier 1: Full DB
	GLP-1 RA (pooled)
	All
	0.759
	0.759 (0.720–0.801)
	0.1%

	Tier 1: Full DB
	GLP-1 RA (pooled)
	Female
	0.544
	0.544 (0.513–0.578)
	0.0%

	Tier 1: Full DB
	GLP-1 RA (pooled)
	Male
	0.102
	0.102 (0.088–0.119)
	0.0%

	Tier 2: Metabolic restricted
	GLP-1 RA (pooled)
	All
	0.020
	0.020 (0.019–0.021)
	1.0%

	Tier 2: Metabolic restricted
	GLP-1 RA (pooled)
	Female
	0.010
	0.010 (0.010–0.011)
	2.4%

	Tier 3: vs SGLT2i
	GLP-1 RA (pooled)
	All
	0.003
	0.003 (0.003–0.003)
	-7.5%

	Tier 3: vs DPP4i
	GLP-1 RA (pooled)
	All
	0.002
	0.002 (0.002–0.002)
	-0.2%

	Tier 3: vs Metformin
	GLP-1 RA (pooled)
	All
	0.012
	0.012 (0.011–0.012)
	-2.1%

	Reference: CGRP mAb
	CGRP mAb (pooled)
	All
	26.378
	26.378 (25.812–26.958)
	0.0%

	Individual drug
	exenatide
	All
	0.493
	0.496 (0.408–0.603)
	0.6%

	Individual drug
	liraglutide
	All
	1.033
	1.035 (0.903–1.186)
	0.2%

	Individual drug
	lixisenatide
	All
	0.218
	0.245 (0.097–0.617)
	12.2%

	Individual drug
	albiglutide
	All
	0.423
	0.435 (0.275–0.686)
	2.7%

	Individual drug
	dulaglutide
	All
	0.469
	0.470 (0.408–0.541)
	0.2%

	Individual drug
	semaglutide
	All
	1.360
	1.361 (1.248–1.486)
	0.1%




Supplementary Table 2. KEGG Pathway Enrichment of Shared Targets
Supplementary Table 2. Top 20 KEGG pathways.


Supplementary Table 3. HDOCK Peptide-Protein Docking Scores
GLP-1(7-36) peptide was docked against five migraine-relevant targets using HDOCK. Scores were obtained from the HDOCK server; lower (more negative) scores indicate stronger predicted binding.
Supplementary Table 3. HDOCK Peptide–Protein Docking Scores.
	Target
	Docking Score

	TRPV1
	−300.98

	TNF
	−250.64

	CALCRL/RAMP1
	−232.59

	NOS3
	−230.32

	CA2
	−195.89



Docking scores represent the top-ranked model from the HDOCK server. All values are in arbitrary HDOCK energy units; scores below −200 indicate strong predicted binding affinity.

	Pathway
	Count
	P value
	Adjusted P

	Pertussis
	7/76
	1.6e-13
	2.1e-11

	Amoebiasis
	7/102
	1.4e-12
	9.0e-11

	Legionellosis
	6/57
	4.9e-12
	2.2e-10

	Proximal tubule bicarbonate reclamation
	5/23
	7.7e-12
	2.6e-10

	Inflammatory bowel disease
	6/65
	1.1e-11
	3.0e-10

	Leishmaniasis
	6/77
	3.2e-11
	7.0e-10

	Tuberculosis
	7/180
	7.7e-11
	1.4e-09

	Chagas disease
	6/102
	1.8e-10
	3.0e-09

	C-type lectin receptor signaling pathway
	6/104
	2.0e-10
	3.0e-09

	Yersinia infection
	6/137
	1.1e-09
	1.4e-08

	Bile secretion
	5/90
	9.8e-09
	1.2e-07

	IL-17 signaling pathway
	5/94
	1.2e-08
	1.3e-07

	AGE-RAGE signaling pathway in diabetic complicatio
	5/100
	1.7e-08
	1.7e-07

	Toll-like receptor signaling pathway
	5/104
	2.0e-08
	1.9e-07

	African trypanosomiasis
	4/37
	2.3e-08
	2.0e-07

	TNF signaling pathway
	5/112
	3.0e-08
	2.4e-07

	Malaria
	4/50
	8.0e-08
	6.2e-07

	Non-alcoholic fatty liver disease
	5/155
	1.5e-07
	1.1e-06

	Cytosolic DNA-sensing pathway
	4/63
	2.1e-07
	1.4e-06

	Influenza A
	5/172
	2.5e-07
	1.7e-06


Supplementary Figure Legends
[bookmark: _GoBack]Supplementary Figure 1. Sex-stratified disproportionality analysis. Forest plot showing reporting odds ratios (ROR) with 95% confidence intervals for GLP-1 RA use across migraine, headache (broad), and idiopathic intracranial hypertension, stratified by sex (all patients, female, male). The inverse association was present across all outcome definitions in both sexes, with males demonstrating consistently stronger inverse signals.
Supplementary Figure 2. Network pharmacology analysis. (a) Venn diagram showing intersection of GLP-1 RA drug targets and migraine disease targets, yielding 17 shared genes. (b) Protein-protein interaction network with hub genes highlighted by colour intensity (degree centrality). (c) KEGG pathway enrichment bubble plot of shared targets. Bubble size represents gene count; colour represents adjusted P value.
Supplementary Figure 3. Molecular docking analysis. (a) Binding affinity heatmap across all ligand-target pairs (AutoDock Vina). Darker colours indicate stronger binding affinity (more negative kcal/mol). (b-e) Two-dimensional binding contact diagrams for orforglipron-NOS3, danuglipron-NOS3, orforglipron-CALCRL/RAMP1, and danuglipron-CALCRL/RAMP1 interactions.
Supplementary Figure 4. Transcriptomic corroboration. (a) Volcano plot of differentially expressed genes in GSE109558 (vestibular migraine). Red: upregulated; blue: downregulated. (b) Venn diagram showing overlap between differentially expressed genes and network pharmacology targets. (c) Expression levels of key target genes in migraine patients versus controls.

Supplementary

Materials

Inverse

association

between

GLP-1

receptor

agonist

use

and

migraine:

a

dual-database

disproportionality

study

with

mechanistic

corroboration

Supplementary

Methods

Network

Pharmacology

GLP-1

RA

drug

targets

were

retrieved

from

multiple

pharmacological

databases

including

STITCH,

DrugBank,

and

published

literature.

Migraine

disease

targets

were

obtained

from

DisGeNET

(score

>0.1)

and

GeneCards

(relevance

score

>1.0).

The

intersection

of

drug

and

disease

target

sets

yielded

17

shared

targets.

A

protein-protein

interaction

(PPI)

network

was

constructed

using

STRING

v11.5

(confidence

>0.4).

Hub

genes

were

identified

by

integrated

centrality

analysis

(degree,

betweenness,

closeness,

and

eigenvector

centrality).

Gene

Ontology

and

KEGG

pathway

enrichment

analyses

were

performed

using

Enrichr

with

Benjamini-Hochberg

correction

(adjusted

P

<

0.05).

Molecular

Docking

Small-molecule

docking

was

conducted

using

AutoDock

Vina

v1.2.5

for

two

oral

GLP-1

RAs

(orforglipron,

danuglipron)

against

eight

migraine-relevant

protein

targets

(NOS3,

TRPV1,

CALCRL/RAMP1,

PTGS2,

TNF,

IL6,

NFKB1,

IL1B).

Receptor

structures

were

obtained

from

the

Protein

Data

Bank.

Preparation

included

removal

of

water

molecules

and

co-crystallised

ligands,

addition

of

polar

hydrogens,

and

Gasteiger

charge

assignment.

Reference

compounds

included

olcegepant

(CGRP

antagonist),

capsazepine

(TRPV1

antagonist),

and

acetazolamide

(carbonic

anhydrase

inhibitor).

Grid

boxes

were

centred

on

known

active

sites

with

exhaustiveness

=

32.

Peptide-protein

docking

was

performed

using

HDOCK

for

the

GLP-1(7-36)

peptide

against

five

key

targets

selected

by

highest

degree

centrality

in

the

PPI

network

(TRPV1,

TNF,

CALCRL/RAMP1,

NOS3,

