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Weight-loss-independent actions of GLP-1 medicines
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The unprecedented broad efficacy of GLP-1 medicines reflects mechanisms beyond weight loss. GLP-1R ag-
onism recruits neural and immune circuits, inter-organ communication, and engages local GLP-1Rs to
improve cardiovascular, renal, hepatic, musculoskeletal, and organismal health. Defining dose-response re-
lationships for weight-loss-independent mechanisms will facilitate optimization of the therapeutic potential

of GLP-1 medicines.

Glucagon-like peptide-1 (GLP-1) medi-
cines, encompassing both selective GLP-
1 receptor agonists (GLP-1RAs) and
multi-agonist therapies, were initially devel-
oped for the treatment of type 2 diabetes
(T2D), and subsequently approved for
weight loss in people with overweight or
obesity The growing recognition of obesity
as a disease associated with the develop-
ment of multiple cardiometabolic compli-
cations has focused attention on the impor-
tance of weight loss as a major therapeutic
objective for improving health. Neverthe-
less, accumulating evidence suggests the
extent of weight loss does not fully explain
the therapeutic actions of GLP-1 medi-
cines. Here, we use the term weight-loss in-
dependent to refer to biological and clinical
effects that cannot be fully explained by re-
ductions in adiposity. This definition en-
compasses therapeutic effects preceded
by substantial weight loss, mediation ana-
lyses demonstrating incomplete attribution
of outcomes to body weight reduction, clin-
ical benefits observed despite modest
weight loss, and experimental studies iden-
tifying GLP-1R-dependent mechanisms in-
dependent of weight loss (Figure 1).
Indeed, for many conditions, reduced
adiposity, and weight loss-independent
GLP-1R signaling in multiple tissues act in
concert to determine the overall therapeu-
tic response.

Large cardiovascular outcome trials as-
sessing the safety of GLP-1 medicines in
people with T2D demonstrated reduc-
tions in major adverse cardiovascular
events (MACE), including myocardial
infarction, stroke, and cardiovascular
death, while subsequent studies estab-
lished the benefits of semaglutide in
chronic kidney disease, heart failure with
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preserved ejection fraction (HFpEF), pe-
ripheral artery disease (PAD), metabolic
dysfunction-associated steatohepatitis
(MASH), obstructive sleep apnea (OSA),
osteoarthritis (OA) and, to a lesser extent,
substance use disorders. Although many
of these conditions improve following the
reduction of excess adiposity, several ob-
servations challenge a purely weight-
centric interpretation of these outcomes.
In some trials of GLP-1 medicines, clinical
benefits emerge before substantial weight
loss is achieved, whereas in others, the
magnitude of benefit appears dispropor-
tionate to and often dissociated from
the degree of weight reduction. Moreover,
weight-loss-independent actions of GLP-
1 have been documented for control
of systemic inflammation, islet horm-
one secretion, blood pressure (BP),
engagement of neural pathways, and or-
gan-intrinsic functions. Hence, GLP-1
medicines engage multiple biological
pathways contributing to therapeutic effi-
cacy independent of and often comple-
mentary to their effects on body weight."

The importance of weight-loss-inde-
pendent actions of GLP-1 medicines has
major clinical implications. If organ pro-
tection and improvement in health out-
comes can be partially uncoupled from
weight reduction, GLP-1 medicines may
provide a meaningful benefit in settings
where maximizing weight loss is neither
desirable nor feasible, such as for older
adults, frail individuals, patients at risk of
sarcopenia, and those with advanced
chronic disease. In this commentary, we
discuss evidence from preclinical and hu-
man studies illuminating the weight-loss-
independent actions of GLP-1 medicines,
with particular emphasis on how the

recent advancements of GLP-1 medi-
cines improve inflammation, MASH,
PAD, heart disease, BP regulation, and
substance use disorders. Understanding
these mechanisms may not only refine
how therapeutic success beyond weight
loss is measured but also expand the clin-
ical application and dose-response con-
siderations for development of next-gen-
eration GLP-1 medicines.

Glucose control

Long before the achievement of weight
loss and the treatment of obesity
emerged as major therapeutic objectives,
GLP-1 medicines were established as
effective glucose-lowering therapies by
stimulating glucose-dependent insulin
secretion, suppressing glucagon release,
and delaying gastric emptying—weight-
loss-independent actions evident within
minutes of GLP-1 administration. Indeed,
the first approved GLP-1 medicine exena-
tide reduced HbA1c and fasting plasma
glucose, despite producing only modest
reductions in body weight." Similarly, lira-
glutide improved insulin sensitivity and
reduced both fasting and postprandial
glucose concentrations within two weeks
of initiating treatment, prior to significant
weight loss; these effects were abolished
by a pharmacological GLP-1R blockade
with Exendin (9-39).” The dissociation be-
tween metabolic benefits of GLP-1 medi-
cines and weight loss responses was sub-
sequently extended to the reduction of
cardiovascular disease. The HARMONY
Outcomes clinical trial demonstrated
that the once-weekly GLP-1 medicine al-
biglutide reduced the risk of MACE in indi-
viduals with T2D, despite minimal weight
loss over 104 weeks.'
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Figure 1. Mechanisms underlying and benefits ensuing from weight-loss-independent

actions of GLP-1 medicines

Abbreviations: CKD, chronic kidney disease; EC, endothelial cells; IBD, inflammatory bowel disease;
MACE, major adverse cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis;
PAD, peripheral artery disease; T2D = type 2 diabetes; and VSMC, vascular smooth muscle cell.

MASH
Weight loss is an established driver of
MASH resolution and fibrosis improve-
ment, making it difficult to disentangle
direct pharmacological effects of GLP-1
medicines from metabolic benefits sec-
ondary to weight loss. However, recent
analysis from the phase 3 ESSENCE trial®
reveals that adiposity reductions alone do
not fully explain the hepatic benefits of
semaglutide. While semaglutide-treated
participants achieved an average weight
loss of approximately 10%, mediation an-
alyses demonstrated that 50%-70% of
improvements in key MASH-related end-
points—including reductions in alanine
aminotransferase  (ALT), FibroScan-
aspartate aminotransferase (FAST) score,
and MASH resolution—were independent
of weight loss. Similarly, nearly half of the
observed improvements in fibrosis-
related measures, including vibration-
controlled transient elastography (VCTE),
enhanced liver fibrosis (ELF) score, and
histological fibrosis improvement, could
not be attributed to reductions in body
weight alone. These findings suggest
that semaglutide engages biological
pathways that directly influence hepatic
inflammation, injury, and fibrogenesis.
Intriguingly, the liver and hepatocytes
have not been viewed as a major direct
target of GLP-1 action. However, in mouse
models with MASH, semaglutide reduces
hepatic inflammation and fibrosis while
suppressing transcriptional programs
associated with immune activation and
extracellular matrix remodeling, even un-

1536 Cell Metabolism 38, August 4, 2026

der conditions where weight loss is mark-
edly attenuated or absent.” Proteomic an-
alyses of serum samples from patients
with  MASH identified a semaglutide-
responsive protein signature enriched for
pathways related to metabolism, inflam-
mation, and fibrosis. Remarkably, many
of these alterations were independent of
weight loss, and semaglutide therapy
shifted the proteomic profile toward that
observed in healthy individuals, suggest-
ing that semaglutide partially reverses sys-
temic molecular signatures associated
with MASH.®

Single-cell transcriptomics have identi-
fied liver sinusoidal endothelial cells
(LSECs) as a previously unrecognized
GLP-1R+ cellular target within the hepatic
microenvironment in mice.” Semaglutide
reverses MASH-associated transcrip-
tional programs linked to endothelial
dysfunction, inflammation, fibrosis, and
capillarization, while restoring intercellular
communication networks across the he-
patic niche. Moreover, disruption of endo-
thelial GLP-1R signaling within the liver
abolishes the local hepatoprotective ef-
fects of semaglutide despite preserved
weight loss and systemic metabolic im-
provements, supporting a mechanistic
role for hepatic endothelial GLP-1R
signaling in mediating tissue protection.”
These findings support a model in which
the therapeutic effects of GLP-1 medi-
cines in MASH arise from the integration
of weight-loss-dependent metabolic im-
provements and tissue-specific actions
within the liver microenvironment.
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Heart disease and BP

Multiple cardiovascular outcome trials
have demonstrated significant reductions
in MACE with long-acting GLP-1 medi-
cines in individuals with T2D and estab-
lished or high-risk atherosclerotic cardio-
vascular disease. The SELECT trial
provided an opportunity to interrogate
semaglutide action independently of T2D
in 17,604 adults who were overweight or
obese and had a pre-existing cardiovas-
cular disease. A once-weekly 2.4 mg
dose of semaglutide reduced the inci-
dence of MACE by 20%, all-cause mortal-
ity by 19%, and a composite heart failure
endpoint by 22%. Notably, these benefits
were observed despite a mean weight
reduction of only 9.4% over 104 weeks,
substantially lower than that reported in
dedicated obesity trials.® Remarkably, re-
ductions in cardiovascular event rates
emerged within months of treatment initi-
ation, well before maximal weight loss
was achieved. Moreover, post hoc ana-
lyses demonstrated consistent cardio-
vascular benefit across baseline body
weight and waist circumference cate-
gories.” Most importantly, the magnitude
of weight loss itself was not associated
with subsequent MACE risk among
semaglutide-treated participants. While
reductions in waist circumference were
associated with lower cardiovascular
risk, mediation analysis suggested that
changes in central adiposity accounted
for only approximately one-third of the
observed treatment effect. These findings
indicate that improvements in body
composition contribute to cardiovascular
protection with GLP-1 medicines but are
unlikely to fully explain it.

The biological basis of these weight-
loss-independent  benefits  remains
incompletely understood. Beyond their
effects on adiposity and glycemic control,
GLP-1 medicines reduce systemic inflam-
mation, improve endothelial function,
modulate vascular and immune pathways
implicated in atherosclerotic disease pro-
gression, and lower BP. The rapid separa-
tion of event curves observed across
several GLP-1 medicine cardiovascular
outcome trials is consistent with mecha-
nisms that act in parallel with, rather
than secondary to, long-term weight
loss. Among these, BP reduction has
emerged as a compelling example of a
direct tissue-level action of GLP-1R
signaling. Preclinical studies demonstrate
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that the vascular smooth muscle cell
(VSMC) GLP-1R is required for the acute
semaglutide-induced BP reductions in
both normotensive and hypertensive
mice, whereas GLP-1Rs expressed in
endothelial or immune cells are dispens-
able for BP control.? Notably, loss of
VSMC GLP-1R signaling abolishes the
antihypertensive actions of semaglutide
without affecting its effects on food
intake, body weight, or glucose control,
genetically dissociating cardiovascular
regulation from the canonical metabolic
actions of GLP-1 medicines.®
Mechanistically, VSMC GLP-1R
signaling is also required for the acute ef-
fects of semaglutide to regulate renal
blood flow, vascular resistance, natri-
uresis, and renal vascular proteomic re-
modeling, identifying a coordinated
vascular-renal axis though which GLP-1R
activation regulates BP and renal function
independent of weight loss.® These find-
ings establish VSMCs as important cellular
targets of GLP-1 action and provide direct
evidence that organ-protective effects of
GLP-1 medicines can arise through tis-
sue-specific mechanisms that are mecha-
nistically separable from weight loss.

PAD
The STRIDE trial examined the impact of
1 mg of semaglutide once weekly in 792
individuals with T2D and symptomatic
PAD, demonstrating improved walking
performance, pain-free walking distance,
and quality of life compared with the pla-
cebo after 52 weeks of treatment. Sema-
glutide-treated participants achieved a
13% improvement in maximum walking
distance and an 11% improvement in
pain-free walking ability, corresponding
to an approximately 40-m placebo-cor-
rected gain on a graded treadmill test.
Notably, this improvement exceeds
thresholds generally considered clinically
meaningful in patients with PAD and was
accompanied by consistent improve-
ments in patient-reported outcomes.’
Importantly, the majority of STRIDE trial
participants exhibited a body mass index
below 30 kg/m? yet benefits were
observed across baseline body weight
categories. Clinical improvements
emerged within six months and continued
to increase throughout the study, while
concomitant improvements in the ankle-
brachial index suggested direct vascular
changes extending beyond changes in

body composition alone. The benefits of
semaglutide on maximum walking dis-
tance correlated only weakly with weight
loss. Although the precise mechanisms
remain unresolved, these findings raise
the possibility that GLP-1 medicines influ-
ence vascular biology, tissue perfusion,
inflammation, and/or skeletal muscle
function in ways that directly improve
physical performance. The effects of
semaglutide to enable walking farther
with less pain provides a compelling
example of how the therapeutic impact
of GLP-1 medicines may manifest
through improvements in tissue function
that are not readily captured by changes
in body weight alone.

Inflammation

GLP-1 medicines exert direct and indirect
immunomodulatory actions through com-
plex mechanisms and pathways."'® In clin-
ical trials across multiple patient popula-
tions, GLP-1 medicines consistently
reduce circulating concentrations of high-
sensitivity C-reactive protein (hsCRP), tu-
mor necrosis factor alpha (TNF-a), inter-
leukin 6, monocyte chemoattractant 1,
serum amyloid A, and markers of oxidative
stress. Critically, mediation analyses from
the SUSTAIN and PIONEER trial programs
demonstrated that combined reductions in
HbA1c and body weight accounted for only
20.6%-61.8% of the observed hsCRP
response to semaglutide,’’ indicating that
a substantial component of the anti-inflam-
matory effect is mechanistically indepen-
dent of metabolic improvement. Compel-
ling evidence for weight-loss-independent
immunomodulation comes from studies
examining acute inflammatory responses.
A single dose of exenatide or semaglutide
rapidly suppresses circulating TNF-a in
lipopolysaccharide (LPS)-challenged mice
within 1-3 h of administration, a timescale
that precludes any contribution from
changes in adiposity.'® The cellular and
anatomical basis of these anti-inflamma-
tory effects is multifactorial. Direct GLP-
1R signaling in gut intraepithelial lympho-
cytes selectively restrains T cell-mediated
local and systemic inflammation through
suppression of proximal T cell receptor
signaling in a protein kinase A-dependent
manner, independently of glucose control
or weight loss.”® In parallel, central
neuronal GLP-1R activation is required for
the acute suppression of Toll-like receptor
(TLR)-agonist-induced systemic inflamma-
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tion: genetic ablation of neuronal but not
hematopoietic or endothelial GLP-1Rs
abolishes the anti-inflammatory actions of
peripherally administered GLP-1RAs on
TLR-mediated inflammation in mice.
Hence GLP-1 medicines initiate neuro-im-
mune crosstalk, mediated in part through
al-adrenergic and «k-opioid receptor
signaling, to reduce acute inflammation.'?
Endothelial and vascular cell populations
represent additional intermediaries
through which GLP-1 medicines reshape
the local inflammatory microenvironment,”
though the relative contribution of these
compartments to systemic anti-inflamma-
tory responses in humans remains to be
fully defined.

Collectively, these data support a model
in which GLP-1 medicines reduce inflam-
mation through the convergence of
metabolic, neural, immune-cell, and tis-
sue-specific  mechanisms.  Because
chronic low-grade inflammation consti-
tutes a shared pathogenic feature of con-
ditions ranging from MASH to chronic kid-
ney disease, atherosclerosis, and heart
failure, this multi-pathway immunomodu-
lation likely represents a mechanistic
framework that contributes to the benefits
of GLP-1 medicines across organ systems
beyond the traditional metabolic sphere.

Other conditions

Emerging evidence from other disease
areas further illustrates the complexity of
disentangling weight-loss-dependent and
weight-loss-independent actions of GLP-
1 medicines. In osteoarthritis, the substan-
tial symptomatic improvements reported
with semaglutide and retatrutide are likely
driven by reductions in mechanical joint
loading, secondary to weight loss. In the
STEP 9 trial, a once-weekly 2.4-mg dose
of semaglutide produced a mean weight
reduction of 13.7% and was accompanied
by a 41.7-point improvement in the West-
ern Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain score.
Similarly, in phase 3 of the TRIUMPH-4
trial, retatrutide reduced knee pain by up
to 67% while inducing weight loss ap-
proaching 28%. These findings are consis-
tent with the established relationship
between obesity, joint loading, and osteo-
arthritis progression.

However, mechanistic studies suggest
that the therapeutic effects of GLP-1 med-
icines on joint health may not be exclu-
sively attributable to reduced body
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weight. In mouse models of obesity-asso-
ciated osteoarthritis, semaglutide attenu-
ated cartilage degeneration, osteophyte
formation, synovial pathology, and pain
sensitivity under dietary conditions de-
signed to minimize differences in food
intake and body weight."* Mechanisti-
cally, semaglutide reprogrammed chon-
drocyte metabolism through a GLP-1R-
AMPK-PFKFBS3 signaling axis directly in
the joint, promoting a shift from glycolysis
toward oxidative phosphorylation and
preserving cartilage integrity. Although
the translational relevance of these find-
ings remains to be established, they rein-
force the concept that direct tissue-spe-
cific actions of GLP-1 medicines may
contribute to therapeutic efficacy.

Beyond osteoarthritis, clinical and
epidemiological studies suggest beneficial
effects of GLP-1 medicines in substance
use disorders, including alcohol, nicotine,
and opioid use. Given the established
expression of GLP-1Rs within mesolimbic
reward circuits and other brain regions
governing motivation and reinforcement,
these observations are biologically plau-
sible and may reflect direct modulation of
neuronal populations involved in reward
processing rather than secondary conse-
quences of weight loss. Likewise, observa-
tional studies have reported associations
between the use of GLP-1 medicine and
the lower incidence of several obesity-
associated malignancies, including colo-
rectal, liver, breast, and lung cancers."®
While these findings remain hypothesis
generating and should be interpreted
cautiously, they raise the possibility that
GLP-1 medicines influence biological pro-
cesses relevant to tumor initiation and pro-
gression, potentially through effects on
inflammation, metabolic homeostasis, in-
sulin signaling, and/or immune regula-
tion.'® Whether these emerging benefits ul-
timately reflect direct GLP-1R signaling
within target tissues, indirect conse-
quences of improved systemic metabolism
and reduced inflammation, or a combina-
tion of both remains unknown. Neverthe-
less, substantial evidence supports the
therapeutic importance of a wide range of
GLP-1 actions extending beyond the tradi-
tional concepts of glucose and body
weight control.

Conclusion and future directions
While adiposity reduction undoubtedly
contributes to many of the observed ben-
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efits of GLP-1 medicines, accumulating
clinical and experimental data indicate
that GLP-1 medicines engage tissue-spe-
cific biological programs that influence
inflammation, vascular function, BP regu-
lation, organ remodeling, and cellular
metabolism through mechanisms that
are, at least in part, separable from weight
loss. Importantly, these effects are often
observed in tissues containing rare but
functionally important GLP-1R-express-
ing cell populations, including immune
cells, LSECs, VSMCs, and neuronal cir-
cuits involved in reward and homeostatic
regulation (Figure 1). These concepts
may also extend beyond pharmacological
GLP-1R agonism. Bariatric surgery
rapidly enhances endogenous GLP-1
secretion and improves glucose homeo-
stasis before substantial weight loss oc-
curs. Although GLP-1 represents only
one component of the complex physio-
logical adaptations induced by bariatric
surgery, recognition of tissue-specific,
weight-loss-independent GLP-1 biology
suggests that some therapeutic benefits
of metabolic surgery—traditionally attrib-
uted primarily to weight reduction—may
instead be partly mediated through the
same GLP-1R-dependent pathways
engaged by GLP-1 medicines, particu-
larly those regulating glucose homeosta-
sis, inflammation, and organ protection.

The implications of weight-loss-inde-
pendent actions are both clinical and sci-
entific. In clinical practice, patients who
achieve only modest reductions in body
weight, or who fail to meet conventional
weight-loss targets, may nevertheless
derive meaningful cardiovascular, hepat-
ic, renal, inflammatory, or functional ben-
efits from GLP-1 medicines. Reliance on
body weight as the primary measure of
treatment success therefore risks over-
looking important therapeutic benefits
and may lead to premature discontinua-
tion of otherwise helpful therapies. Future
evaluation of investigational GLP-1 medi-
cines should incorporate a broader range
of clinically relevant endpoints that more
accurately reflect the diversity of biolog-
ical effects engaged by these agents.

At the same time, a deeper understand-
ing of weight-loss-independent GLP-1
biology may reveal opportunities to
expand the therapeutic use of these med-
icines beyond traditional metabolic indica-
tions. Defining new dose-response rela-
tionships linked to organ protection and
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clinical outcomes may enable the develop-
ment of treatment strategies in which or-
gan protection, rather than maximal weight
loss, becomes the principal therapeutic
objective, potentially allowing for the use
of lower doses associated with fewer
adverse effects, greater persistence, and
reduced cost. This concept may be partic-
ularly relevant given the growing concerns
surrounding reductions in lean body mass
and skeletal fragility accompanying pro-
found weight loss with modern GLP-1
medicines. Skeletal muscle and bone are
not viewed as direct targets for GLP-1 ac-
tion, suggesting that these changes pri-
marily reflect the consequences of marked
and often rapid weight loss. If organ pro-
tection can be partially uncoupled from
weight loss, next-generation GLP-1 medi-
cines, or optimized dosing strategies for
currently available therapies, may offer a
means of maximizing tissue protection
and health while minimizing the physiolog-
ical costs of profound weight reduction.

Finally, as next-generation multi-ago-
nists continue to emerge, an important
unanswered question is whether the addi-
tion of complementary epitopes for addi-
tional receptor agonism or antagonism,
or omission of GLP-1R agonism, will
enhance, diminish, or fundamentally
reshape the tissue-specific protective ef-
fects achieved to date with weight-loss-
independent GLP-1R signaling. Address-
ing these questions will be essential for
defining the next phase of GLP-1 medi-
cine development and for fully under-
standing what these therapies are truly
capable of achieving.
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