K perplexity

GLP1-RA - how do they work, explain the science,
use only clinical studies published in reputable
journals, NO influencers, NO youtube, NO clinics

GLP-1 receptor agonists (GLP1-RAs) are drugs that mimic a natural gut hormone (GLP-1) and
activate its receptor in multiple organs, which amplifies glucose-dependent insulin release,

I I t h tyi d red tite th h brai th .
ﬂljpdlorfglsses glucagon, slows stomach emptying, and reduces appetite through brain pathways

Native GLP-1 and the incretin system

o After you eat, intestinal L-cells secrete GLP-1 into the bloodstream; it acts as an “incretin”
hormone that boosts insulin release only when glucose is elevated. 41 [3]

e GLP-1also suppresses glucagon (the hormone that raises glucose), slows gastric emptying,
and reduces appetite and food intake via actions on the brain. 3l [21 [3]

¢ Native GLP-1is rapidly broken down by the enzyme DPP-4, so its half-life in the circulation is
only about 1-2 minutes, limiting its physiological impact. {2

What GLP1-RAs are at the molecular level

e GLP1-RAs (for example exenatide, liraglutide, semaglutide, dulaglutide) are synthetic
peptides with partial or near-complete sequence homology to human GLP-1 but modified to
resist DPP-4 degradation and stay in the body much Ionger.mm

e These drugs bind to and activate the GLP-1 receptor (a class B G-protein-coupled receptor)

expressed in pancreatic islets, brain, heart, gastrointestinal tract, kidney, and other tissues.
[6][2]

e Receptor activation triggers intracellular cyclic AMP (cAMP) signaling, mainly via protein
kinase A (PKA) and Epac pathways, which then modulate ion channels, gene transcription,
and cell-survival pathways.Iél

Pancreatic effects: insulin, glucagon, and beta cells

¢ In pancreatic B-cells, GLP1-RA binding increases cAMP, enhances glucose metabolism, and
promotes insulin granule exocytosis, but this effect is strongly glucose-dependent, so insulin
secretion rises when glucose is high and tapers when it is normal or low. [31 [41 [6]

¢ In pancreatic a-cells, GLP1-R activation suppresses glucagon secretion during
hyperglycemia, which reduces hepatic glucose output and lowers fasting and post-meal
glucose levels.121 3111



¢ Preclinical and mechanistic studies show GLP1-R signaling can promote B-cell survival and
proliferation and reduce apoptosis, suggesting potential preservation of B-cell mass,
although the long-term magnitude of this effect in humans is still being clarified. 31 [l

Gastrointestinal and brain mechanisms: satiety and weight loss

e GLP1-RAs slow gastric emptying, so glucose from a meal enters the bloodstream more
gradually, blunting post-prandial glucose spikes and contributing to early fullness. 121 151

e They act on GLP-1 receptors in brain regions such as the hypothalamus and brainstem,
reducing hunger signals, increasing satiety, and lowering overall energy intake, which leads
to clinically meaningful weight loss in randomized trials. [ (21 [6]

e Trials of liraglutide and semaglutide in people with obesity show substantial reductions in
body weight, consistent with reduced appetite, lower energy intake, and changes in food
preference, alongside improvements in glycemic control. 1811

System-wide metabolic and cardiovascular effects

e By improving insulin secretion, reducing glucagon, and lowering energy intake, GLP1-RAs
improve overall glucose homeostasis, typically lowering HbA1c by around 1 percentage
point in type 2 diabetes trials. 41 [

e GLP-1receptors in liver, muscle, and adipose tissue contribute indirectly to reduced hepatic

glucose production, improved insulin sensitivity, and favorable changes in lipid metabolism.
[[e]

e Large cardiovascular outcome trials and meta-analyses show GLP1-RAs reduce major

adverse cardiovascular events and cardiovascular mortality in high-risk patients, effects that
may relate to weight loss, lower blood pressure, improved lipids, and direct vascular actions.

(8151 [1

Cellular signaling details (for a deeper dive)

¢ In B-cells, GLP-1R activation stimulates adenylyl cyclase, increasing cAMP, which activates
PKA and Epac2; these pathways enhance closure of ATP-sensitive potassium channels,
promote calcium influx, and facilitate fusion of insulin granules with the cell membrane. &1

¢ GLP-1R signaling can activate mTOR-dependent HIF-1a pathways, supporting glycolysis and

insulin biosynthesis, and engage pro-survival signaling that reduces oxidative stress and
apoptosis in pancreatic and extra-pancreatic tissues. 61

¢ In the central nervous system, similar cAMP-linked cascades in hypothalamic neurons
modulate neuropeptides involved in appetite and energy expenditure, aligning cellular
sighaling with the observed clinical reductions in caloric intake and body weight. 12l [61

***



Review most recent studies on CVD, including
semaglutide and tirzepatide

Semaglutide and tirzepatide both reduce major cardiovascular events in high-risk patients;
evidence is strongest and most mature for semaglutide, with rapidly emerging but still more
limited randomized outcome data for tirzepatide.lﬁllﬂ“@“El

Semaglutide: dedicated cardiovascular outcome trials

e The SELECT trial (17,604 adults, obesity, established CVD, no diabetes) showed weekly
semaglutide 2.4 mg reduced 3-point MACE (CV death, non-fatal MI, non-fatal stroke) to
6.5% vs 8.0% with placebo over ~3.5 years (HR 0.80, 95% CI 0.72-0.90).111 [20]1 [16]

e In SELECT, semaglutide also reduced non-fatal Ml (2.7% vs 3.7%; HR 0.72) and a
composite of CV death or HF hospitalization (3.4% vs 4.1%; HR 0.82, 95% CI 0.71-0.96),

with no excess in serious adverse events overall and fewer serious cardiac events than
placebo. (2111201 [16]

Semagilutide in type 2 diabetes and mixed risk

e The SOUL trial (oral semaglutide, type 2 diabetes with ASCVD and/or CKD) found 3-point
MACE in 12.0% of semaglutide vs 13.8% of placebo (HR 0.86, 95% CI 0.77-0.96),
supporting CV benefit across injectable and oral formulations. {221 [23]

e Across SELECT and SOUL, semaglutide’s CV benefit is seen on top of standard therapy,
with consistent reductions in MACE and signals for fewer HF events and CV deaths in
high-risk populations. 116l [211 [22]

Tirzepatide: heart-failure and atherosclerotic disease data

¢ The SUMMIT trial (HFpEF with obesity) randomized 731 participants; tirzepatide reduced
the composite of CV death or worsening HF events to 9.9% vs 15.3% with placebo (HR
0.62, 95% Cl 0.41-0.95), driven mainly by fewer HF worsening events (8.0% vs 14.2%; HR
0.54).181 9]

e In SUMMIT, CV death was numerically higher but with wide Cls (2.2% vs 1.4%; HR 1.58,
95% Cl 0.52-4.83), and Gl side-effect-related discontinuation was more frequent with
tirzepatide (6.3% vs 1.4%).[191 18]

Tirzepatide large atherosclerotic CVD trial

e Alarge CV outcomes trial in type 2 diabetes and established ASCVD (SURPASS-CVOT) has
reported that tirzepatide was at least non-inferior to dulaglutide for 3-point MACE, with an

expanded MACE (including revascularization) significantly lower with tirzepatide (HR
~0.88).1241

e These data suggest tirzepatide confers CV protection comparable to a proven GLP-1RA,
with numerically fewer MlI, stroke, and CV deaths, although detailed peer-reviewed
subgroup and mechanism analyses are still accumulating. (241



Comparative and real-world signals

e An observational study comparing semaglutide and tirzepatide in patients with metabolic
dysfunction-associated steatotic liver disease, obesity, and type 2 diabetes (TriNetX
network) found tirzepatide associated with lower risks of MACE, all-cause mortality, and HF
outcomes than semaglutide, but these are non-randomized data and hypothesis-generating
rather than definitive. 123

e Other comparative cohort analyses focused on weight loss show greater reductions in body
weight with tirzepatide than semaglutide at 3-12 months, which may partly explain potential
CV differences but do not replace dedicated randomized CV outcome trials. 2611271

If you tell me whether you're most interested in secondary prevention (established CAD/stroke),
HFpEF, or primary prevention in obesity without diabetes, | can narrow this down to the specific
trials and numbers most relevant to that scenario.

How do semaglutide and tirzepatide mechanisms
reduce CVD risk

Semaglutide and tirzepatide lower cardiovascular (CV) risk through a mix of “indirect” risk-factor
changes (weight, blood pressure, lipids, glycemia) and “direct” vascular, inflammatory, and
cardiac effects at GLP-1 and GIP receptors.mljﬁl[ﬁuﬂuﬁl

Indirect: classic risk-factor modification

e Both drugs produce large, sustained weight loss, which improves insulin resistance, lowers
blood pressure, reduces left-ventricular load, and improves obstructive sleep apnea, all of
which decrease CV events, 1321 [36][33]

e They improve glycemic control and reduce glycemic variability, which lowers glucotoxicity,

advanced glycation, and microvascular damage that feed into atherosclerosis and heart
failure. 1361 [32]

e Semaglutide and tirzepatide lower triglycerides and apolipoprotein C-lll, modestly improve
LDL/HDL patterns, and reduce systolic blood pressure, shifting the whole traditional
risk-factor profile in a favorable direction. 321 [32] [36]

Direct vascular and anti-atherosclerotic actions

e GLP-1receptor activation on endothelial cells improves endothelial function by enhancing

nitric-oxide bioavailability, decreasing oxidative stress, and promoting healthy angiogenesis.
[38] [31] [37]

e Semaglutide and other GLP-1R agonists reduce key steps in atherogenesis: they dampen
monocyte adhesion and recruitment, inhibit pro-inflammatory macrophage and foam-cell
formation, and limit vascular smooth-muscle proliferation and plaque growth, {381 [31] [38]

e These vascular effects appear at least partly independent of glucose and weight changes,
which helps explain why CV event reduction in outcome trials is larger than expected from



risk-factor shifts alone. [311 [32] [39]

Anti-inflammatory and metabolic tissue effects

e Systematic reviews and meta-analyses show semaglutide reduces systemic inflammatory
markers (for example high-sensitivity C-reactive protein), across populations and regimens,
suggesting a global anti-inflammatory effect that stabilizes plagues and myocardium.Iﬁl@l

¢ GLP-1R signaling reduces oxidative stress and pro-inflammatory cytokine production in
vascular and immune cells, limiting chronic low-grade inflammation that drives
atherosclerosis and heart failure progression.lﬁ1 [s3] [31

e Semaglutide also reduces epicardial adipose tissue and improves adipose-tissue function,
which lowers secretion of pro-atherogenic adipokines and may further stabilize coronary
plaques.le

Cardiac and renal mechanisms

¢ Preclinical and translational work shows GLP-1R agonists enhance ischemic tolerance,
improve cardiac contractility, and reduce apoptosis and remodeling after injury, which can
translate into fewer heart-failure events and better post-MI| outcomes. [401 [41] [39]

e Tirzepatide and GLP-1R agonists preserve left-ventricular systolic and diastolic function in
models of pressure or hormonal overload, with tirzepatide showing early preservation of

ejection fraction and filling pressures compared with a pure GLP-1 agonist in Angll-induced
injury. [351 [40]

e Both drug classes improve renal hemodynamics and reduce albuminuria, which slows CKD
progression; preserving kidney function in turn lowers CV mortality and heart-failure
hospitalization risk. 321 [39]

What tirzepatide adds (GIP + GLP-1)

e Tirzepatide is a dual GIP/GLP-1 receptor agonist; beyond GLP-1-like effects, GIP signaling
may enhance adipose-tissue lipid handling, further lower triglycerides and apoC-lll, and
amplify weight loss and insulin sensitivity improvements. 1361 [35]

e Experimental data suggest tirzepatide preserves cardiac function and structure at least as
well as, and sometimes earlier than, a pure GLP-1 agonist, supporting a potential direct
myocardial benefit that complements its stronger metabolic effects. 401 [35]

In practice, the CV risk reduction you see in SELECT (semaglutide) and
SUMMIT/SURPASS-CVOT (tirzepatide) likely reflects this combined package: major shifts in

weight, glycemia, and lipids layered on top of direct anti-atherosclerotic, anti-inflammatory,
endothelial, cardiac, and renal actions. 421 [43] [44] [45] [31] [33]



Review most recent studies on kidney disease,
including semaglutide and tirzepatide

Semaglutide now has robust randomized data showing it slows CKD progression and reduces
major kidney outcomes; tirzepatide has strong post-hoc and pooled analyses suggesting

renoprotection (less albuminuria and slower eGFR loss), but without a completed dedicated
kidney-outcome trial yet. [50] [51] [52] [53] [54]

Semaglutide: FLOW and other recent trials

e The FLOW trial (first dedicated kidney-outcome trial for a GLP-1 RA) randomized patients
with type 2 diabetes, CKD (eGFR >25), and albuminuria to weekly semaglutide 1.0 mg vs
placebo plus standard care; semaglutide reduced the composite of sustained eGFR decline,
kidney failure, or renal/CV death by about 24% over a median 3.4 years. 551 [56] [53] [50]

e FLOW showed benefits “regardless of CKD severity,” with consistent risk reductions across
baseline eGFR and UACR strata and parallel reductions in CV events and all-cause mortality,
supporting semaglutide as a reno-cardiovascular protective therapy on top of RAAS
blockade and often SGLT2 inhibitors. 1361 1501 [55]

e A separate randomized double-blind study in adults with T2D and CKD (eGFR =25, UACR
>30 mg/g, BMI =227 kg/m?) found semaglutide significantly reduced albuminuria and risk of

CKD progression compared with placebo, reinforcing albuminuria lowering as a key
mechanism. [521 [58]

Tirzepatide: SURPASS kidney analyses

e In SURPASS-4 (T2D with high CV risk, tirzepatide vs insulin glargine), a pre-specified kidney
composite (eGFR decline 240%, renal death, kidney failure, or new macroalbuminuria) was
nearly halved with tirzepatide, driven mainly by less new macroalbuminuria; tirzepatide also
slowed total eGFR decline despite an early “dip” similar to SGLT2 inhibitors. 311 [52] [59]

e A pooled post-hoc analysis of SURPASS-1-5 showed tirzepatide dose-dependently reduced
UACR and attenuated eGFR decline across a broad T2D population versus placebo and
active comparators, supporting a class-wide signal for reduced glomerular injury and
albumin leakage. 321 [54]

e Current reviews conclude tirzepatide's kidney benefit is strongly suggested by these
surrogate outcomes but still needs confirmation in a trial powered with kidney failure/hard
renal endpoints as the primary outcome. 1691 [51 [52]

GLP-1-based drugs and CKD: broader evidence

e Meta-analyses of GLP-1 RAs (various agents including semaglutide) show about a 19%
relative risk reduction in composite renal outcomes and slower eGFR decline, with benefits
seen even in some non-diabetic CKD subgroups. 611 [53] [60]

e These analyses emphasize that GLP-1 RAs should be considered after RAAS blockade and
SGLT2 inhibitors in proteinuric CKD, since they add renal and CV protection and survival
benefits without excess kidney-related serious adverse events. 531 [61]



Proposed renoprotective mechanisms (from clinical/physio studies)

e Improved glycemic control, weight loss, and blood-pressure reduction all lower
intraglomerular pressure and metabolic stress; albuminuria reductions in trials correlate with
these risk-factor changes and with slower eGFR loss. 1501 [511 [61]

e Experimental and translational work indicates direct kidney effects: reduced oxidative stress
and inflammatory biomarkers, improved endothelial function in renal microvasculature, and

modulation of tubular sodium handling, which together limit structural injury and fibrosis. (&1
[53] [60]

e Tirzepatide's dual GIP/GLP-1 agonism may further improve adipose and lipid metabolism,
potentially enhancing hemodynamic and inflammatory benefits in the kidney, but human
mechanistic data here are still emerging.lﬂl[ﬁll@1

If you tell me your main use-case (diabetic CKD with albuminuria, non-diabetic CKD, or kidney
protection in obesity without diabetes), | can pull out the most relevant numbers and trial details
for that specific scenario.

Review most recent studies on liver disease,
including semaglutide and tirzepatide

Semaglutide and tirzepatide now both have randomized biopsy-based data showing they
improve metabolic dysfunction-associated steatohepatitis (MASH), with tirzepatide already

demonstrating strong 52-week efficacy and semaglutide showing positive phase 3 interim
results over 72 weeks, [651[661[67] [68]

Semaglutide in MASLD/MASH

e The phase 3 ESSENCE trial (semaglutide 2.4 mg weekly vs placebo, 1197 patients with
biopsy-proven MASH and F2-F3 fibrosis, 240-week study) showed at the planned 72-week
interim analysis that semaglutide significantly increased both MASH resolution without

fibrosis worsening and 21-stage fibrosis improvement without MASH worsening compared
with placebo.1661 [68] [69] [65]

e |In ESSENCE, more patients on semaglutide achieved histologic resolution of steatohepatitis,
reductions in liver fat, liver stiffness, and aminotransferases, and these liver benefits
exceeded what would be expected from weight loss alone in secondary analyses,
suggesting direct liver effects beyond pure weight reduction. 121 681 [66]

Tirzepatide in MASLD/MASH

e The SYNERGY-NASH phase 2 trial (tirzepatide 5/10/15 mg weekly vs placebo for 52 weeks,
biopsy-proven MASH with F2-F3 fibrosis) found MASH resolution without fibrosis worsening
in 10% of placebo vs 44%, 56 %, and 62% in the tirzepatide 5, 10, and 15 mg groups,
respectively (all P<0.001). 1621 [71



e Improvement of at least one fibrosis stage without worsening of MASH occurred in 30% of
placebo vs 55%, 51%, and 51% with tirzepatide 5, 10, and 15 mg, indicating parallel benefits
on inflammation/steatohepatitis and fibrosis over just one year. 211 1671

GLP-1-based therapy: broader liver evidence

e A 2024 systematic review and meta-analysis of GLP-1 receptor agonists in NAFLD/NASH
found significantly higher odds of histologic NASH resolution without fibrosis worsening,
reductions in CRP and other inflammatory markers, and improvements in liver enzymes,
supporting GLP-1 RAs as disease-modifying agents in metabolic fatty liver disease.Z2

e A 2025 systematic review focused on histologic outcomes concluded that GLP-1RA therapy
increases the odds of MASH resolution by roughly four-fold versus standard care, with
modest but favorable signals for fibrosis improvement (on biopsy or non-invasive tests) and
consistent weight and ALT/AST reductions. 231 [74]

¢ An observational study in patients with diabetes and liver disease reported that GLP-1 RA
use was associated with less progression of liver fibrosis over follow-up than no GLP-1 RA,
suggesting a real-world impact on slowing fibrosis, albeit with relatively small absolute
differences. 23]

Mechanistic themes from human data

e Across these trials, semaglutide and tirzepatide markedly reduce liver fat content,
inflammation scores, ballooning, and liver stiffness, driven by weight loss, improved insulin
sensitivity, and changes in adipose-tissue and inflammatory signaling. {261 [691[65] [67]

e Semaglutide phase 3 data and mechanistic analyses show improvements in hepatic
inflammatory and fibrotic gene-expression sighatures and histologic fibrosis that cannot be

completely explained by weight change, implying direct hepatocellular and stellate-cell
effects. 7611701

e Tirzepatide's dual GIP/GLP-1 agonism adds greater weight loss and triglyceride reductions
than GLP-1 alone, which likely amplifies improvement in steatosis and metabolic drivers of
fibrosis, but longer phase 3 studies are still needed to link these histologic gains to fewer
cirrhosis or liver-outcome events. 21 [671 [71]

If you tell me whether your focus is biopsy-proven MASH with F2-F3, earlier MASLD picked up
on imaging, or cirrhosis/advanced disease, | can pull out the most relevant trial numbers and
practical implications for that scenario.

Compare semaglutide and tirzepatide efficacy on
MASH resolution rates

Semaglutide and tirzepatide both improve biopsy-proven MASH, but current head-to-head
impression from separate trials is that tirzepatide achieves higher 1-year MASH resolution rates,

while semaglutide now shows substantial resolution and fibrosis benefit over a longer phase 3
program.[801 [81] [82] [83]



Key biopsy trials and resolution rates

Population
(all
Drug Trial / phase biopsy-proven Duration
MASH, F2-
F3)
. . 72
Semaglutide ESSENCE MASH with
weeks
2.4 mg (phase 3; F2-F3
i interim) fibrosi (planned
weekly interim ibrosis 240)
Tirzepatide SYNERGY-NASH MASH with 59
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How to interpret efficacy differences
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44% (5 mg),

56% (10 10%. 1621
mg), 62% 83]

(15 mg). 82l

[83]
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ESSENCE
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patients with
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fibrosis
improvement
vs placebo at

72 weeks.
[80] [85] [81]

55% (5 mg),
51% (10 mg),
51% (15 mg)
vs 30%

placebo. 82l
[83]

e Tirzepatide's SYNERGY-NASH trial shows very high 1-year MASH resolution rates (up to
62% at 15 mg) and roughly half of patients with >1-stage fibrosis improvement, over a

relatively short 52-week period. 82l 1831

e Semaglutide's ESSENCE phase 3 interim analysis confirms significant improvements in both
MASH resolution and fibrosis, but full, dose-specific absolute percentages are not yet as
granularly reported as SYNERGY-NASH; earlier phase 2 data with daily semaglutide
suggested resolution rates around 59% vs ~17% placebo, broadly in the same order of
maghnitude as high-dose tirzepatide, though in a different design and time-frame. 1811 [84] [86]

[80]



Practical comparison (with current data limits)

e Onthe evidence we have, tirzepatide shows numerically higher 52-week resolution rates
than any single publicly reported semaglutide regimen, but the comparison is indirect

(different studies, durations, patient mix), so these numbers cannot be taken as a formal

e Both agents clearly outperform placebo on MASH resolution and fibrosis improvement, and
both pair histologic gains with large weight loss and metabolic improvements; choice in

practice will also depend on regulatory status for MASH, comorbid diabetes/obesity,
tolerability, and access. [871[801 [81] [82] [83]

What other diseases and conditions are being
studied for which GLP1-ra may be of benefit

GLP-1 receptor agonists are being studied (and in some cases already used) across a wide
range of conditions beyond type 2 diabetes, obesity, CVD, CKD, and MASH/MASLD. 188l [89] [90]

Cardiometabolic and endocrine conditions

¢ Heart failure with preserved ejection fraction (HFpEF) and obesity: Semaglutide and
tirzepatide are being evaluated for symptoms, exercise capacity, and hard outcomes in
HFpEF; semaglutide and tirzepatide already show benefit in related trials (SELECT,
SUMMIT), and regulators are considering formal HFpEF indications. (201 [91

e Peripheral artery disease (PAD): Semaglutide is in late-phase development for reducing limb
and CV events in people with type 2 diabetes and PAD, with regulatory decisions
anticipated. 21

¢ Polycystic ovary syndrome (PCOS): Trials are assessing GLP-1RAs for weight loss, insulin
resistance, ovulatory function, and androgen reduction in PCOS. [881 [90]

e Obstructive sleep apnea (OSA): Tirzepatide significantly reduced apnea-hypopnea index vs
placebo in two RCTs in people with obesity and OSA, leading to an FDA indication for OSA
in 20241201

Liver and kidney beyond what you mentioned

¢ Metabolic dysfunction—-associated steatohepatitis (MASH) and advanced fibrosis: Multiple
GLP-1-based agents (semaglutide, tirzepatide, survodutide and other dual/triple agonists)

are in phase 2-3 trials focusing on histologic resolution and fibrosis regression.fﬂliﬁlfﬂl
[91]

e Broader CKD: GLP-1RAs are being tested as add-on to SGLT2 inhibitors and RAAS blockade
in non-diabetic CKD and earlier CKD stages, to see if FLOW-like kidney protection extends
beyond diabetic proteinuric CKD. 251 [96] [88]



Neurologic and cognitive disorders

e Alzheimer disease and other dementias: Multiple trials are evaluating semaglutide and other
GLP-1RAs for slowing cognitive decline and neurodegeneration; early observational data

suggest lower dementia risk vs other diabetes drugs, but randomized data are still limited
and mixed. 8711981 [99] [88]

e Parkinson disease: Earlier GLP-1RAs showed promise in small PD trials; newer agents
(including semaglutide) are in ongoing studies, although recent large observational work did
not yet show clear PD-risk reduction, 1281 [991[97]

e Stroke and neuroprotection: Cohort data link semaglutide and tirzepatide to reduced stroke
and all-cause mortality versus other antidiabetic drugs, prompting trials focused on
secondary stroke prevention and cognitive outcomes. 1001 [97]

Psychiatric and addiction medicine

¢ Alcohol use disorder (AUD): Early RCTs and real-world studies suggest GLP-1RAs may
reduce alcohol consumption and alcohol-related harms; larger and longer AUD-specific RCTs
with semaglutide and related molecules are underway. 101

e Other substance use disorders: Pilot studies and planned trials are exploring GLP-1RAs for

nicotine, opioid, and stimulant use disorders, based on effects on brain reward and craving
circuits. [891 [101] [88]

e Severe mental illness and antipsychotic-associated weight gain: Trials are evaluating
GLP-1RAs to manage weight and metabolic risk in patients with schizophrenia or bipolar
disorder on antipsychotics, 191 [88]

Musculoskeletal and pain conditions

e Osteoarthritis (especially knee OA): Studies are looking at whether GLP-1RA-induced weight
loss plus possible direct anti-inflammatory effects can reduce pain and slow structural
progression in OA, 1881190

e Gout and hyperuricemia: Exploratory work is examining effects on serum urate and gout
flares via weight loss, insulin sensitivity, and renal urate handling. 1921 [88]

Other emerging areas

e Type 1diabetes adjunctive therapy: Trials are testing GLP-1RAs as add-on to insulin to
reduce weight, insulin dose, and hypoglycemia, though ketoacidosis risk is a concern and
this remains investigational.[ml le8]

e Autoimmune and inflammatory conditions: Small or early-phase studies are probing roles in
conditions such as psoriasis, inflammatory arthritis, and non-specific low-grade systemic
inflammation, leveraging GLP-1's anti-inflammatory properties.lﬂl[m“ﬁl

If you tell me which of these areas (e.g., neurodegeneration, AUD, PCOS, HFpEF) you care about
most, | can pull specific recent trial names, designs, and effect sizes for that indication.

***



GLP-1RAs in osteoarthritis and arthritic
conditions trials

GLP-1 RAs are in active clinical development for osteoarthritis (especially knee OA) and are
being explored for inflammatory arthritides, with the strongest human data so far in
obesity-related knee OA pain and function. 1981 [109] [110] [111]

Knee osteoarthritis trials (human)

STEP 9 - semaglutide 2.4 mg weekly in obesity-related knee OA

e Design: 68-week, double-blind, randomized, placebo-controlled trial in 407 adults with
obesity (BMI =30) and radiographic knee OA with at least moderate pain; semaglutide 2.4
mg vs placebo, both with diet and activity counseling. 1112l 111 [113] [108]

e Weight: Mean weight change at 68 weeks was about -13.7% with semaglutide vs -3.2%
with placebo (P<0.001). 1101

¢ Pain: WOMAC pain score (0-100) improved by -41.7 points with semaglutide vs -27.5 with

placebo at week 68 (P<0.001), indicating clinically meaningful additional pain relief beyond
lifestyle intervention, 1081 [114] [110]

¢ Function: Physical-function scores (WOMAC and SF-36) improved more with semaglutide

than placebo, and patients used fewer analgesics/NSAIDs in exploratory analyses. (151 [114]
[mo]

e Safety: Serious adverse events were similar between groups; discontinuations were
somewhat higher with semaglutide (mostly Gl-related). 111 [113] [110]

Ongoing / related OA work

e A trial is testing a GLP-1 RA-based weight-loss strategy to optimize outcomes before total
knee replacement (TKR), focusing on function, complications, and quality of life in obese OA
patients. 1161

e Another program is evaluating the oral GLP-1 agonist orforglipron in people with obesity and
knee OA to see whether weight loss and potential direct joint effects translate into pain and
function benefits. 1121

Overall, STEP 9 provides strong evidence that GLP-1RA-induced weight loss substantially

improves knee OA pain and function; whether there is a direct chondroprotective effect beyond
unloading is still under study. 1981 [109] [110] [111)

Inflammatory arthritis and rheumatic disease (human signals)

¢ Observational data in rheumatoid arthritis (RA) suggest GLP-1RA use (added to standard
DMARDs) is associated with greater reductions in RA disease activity scores, pain,
inflammatory markers (ESR, CRP), and cardiometabolic risk factors compared with controls,
though nearly one-third discontinued due to Gl adverse effects. 1181 [119]

e Registry/claims-based analyses presented in rheumatology forums report mixed findings:
some datasets link GLP-1RA use to lower short-term joint symptoms (stiffness, pain, swelling,



synovitis), while one comparative analysis suggested a higher long-term risk of OA onset
and knee replacement vs SGLT2 inhibitors, raising questions about confounding and the
relative benefits of different metabolic drugs. 118l

e These RA and psoriatic arthritis data are mostly observational and hypothesis-generating;
dedicated randomized trials in inflammatory arthritis are still lacking. (191 [120] [118]

Mechanistic and preclinical data in arthritis

¢ In an experimental OA model (sodium monoiodoacetate-induced OA), intra-articular
liraglutide reduced pain sensitivity and synovitis without affecting body weight, suggesting
local anti-inflammatory and analgesic effects via GLP-1R signaling in the joint.Iﬂl

e |n IL-1B-stimulated mouse chondrocytes, liraglutide downregulated inflammatory and

catabolic mediators, supporting a potential disease-modifying effect at the cartilage level.
[120]

e Reviews highlight GLP-1-based drugs as modulators of innate immunity and cytokines
relevant to arthritis (for example TNF-a, IL-6), which could partly explain observed
improvements in joint pain and systemic inflammation in early human data.[121 [120]

Where tirzepatide fits today

¢ As of now, knee OA RCT data are for semaglutide and emerging triple agonists (for example
retatrutide) rather than tirzepatide; tirzepatide-specific OA trials are more focused on
weight loss in people with joint disease and peri-operative optimization, with detailed
joint-specific outcomes still in progress. 11221 [123]

e Given tirzepatide's greater weight-loss and metabolic effects than pure GLP-1RAs, similar or
stronger benefits on weight-driven OA symptoms are anticipated, but we do not yet have
NEJM-level, OA-focused biopsy or imaging data comparable to STEP 9.1123]

If you tell me whether your main interest is pain/function in knee OA, structural progression
(cartilage loss, need for joint replacement), or inflammatory arthritis (RA/PsA), | can zero in on
the specific outcome measures and effect sizes most relevant to that question.
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