'.) Check for updates

WRLD
7BESITY

Obesity Reviews

WILEY ‘

| REVIEW GEEEDD

GLP-1 Receptor Agonists and Cancer Risk in
Obesity Treatment

| E. Angela Murphy?
| James R. Hebert’

Lorne J. Hofseth! | Liza Makowski* | Anna R. Ibele’ |

Ciaran M. Fairman®

| Mary C. Playdon3

!Department of Drug Discovery and Biomedical Sciences, College of Pharmacy, University of South Carolina, Columbia, South Carolina,

USA | *Department of Pathology, Microbiology & Immunology, School of Medicine, University of South Carolina, Columbia, South Carolina,

USA | 3Department of Nutrition & Integrative Physiology, University of Utah; Cancer Control and Population Sciences, Huntsman Cancer Institute, Salt
Lake City, Utah, USA | *Department of Molecular Medicine and Therapeutics, Pelotonia Research Center, The Ohio State University, Wexner Medical
Center, Columbus, Ohio, USA | *Department of General Surgery, University of Utah, Salt Lake City, Utah, USA | ®Department of Exercise Science, Arnold
School of Public Health, University of South Carolina, Columbia, South Carolina, USA | 7Cancer Prevention and Control Program and Department of
Epidemiology and Biostatistics, Arnold School of Public Health, University of South Carolina, Columbia, South Carolina, USA

Correspondence: James R. Hebert (jhebert@sc.edu)
Received: 20 October 2025 | Revised: 15 September 2026 | Accepted: 2 October 2026

Keywords: cancer | inflammation | metabolic dysregulation | obesity

ABSTRACT

Obesity is a well-established risk factor for numerous cancers, with body habitus, especially central adiposity, contributing to
increased cancer incidence and worse prognosis. Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), initially developed to
treat Type 2 diabetes, have rapidly gained prominence as powerful anti-obesity agents due to their ability to induce significant
weight loss and potential to improve metabolic health. These medications act by reducing appetite, enhancing insulin sensitivity,
lowering systemic inflammation, and preferentially targeting fat mass for reduction. This review explores the growing body of
evidence linking GLP-1 RA therapy to potential changes in cancer risk among individuals with obesity. To date, data suggest that
GLP-1 RAs do not increase overall cancer risk and may reduce the risk of certain obesity-related cancers, likely by interrupting
obesity-driven metabolic dysregulation. Still, questions remain about the beneficial effects of weight loss and the sustainability
of health benefits if weight is regained after stopping treatment. We examine how GLP-1 RAs' anti-inflammatory and metabolic
effects might mediate reductions in cancer risk, review emerging data regarding both protective signals and specific safety con-
cerns (e.g., increased risk of medullary thyroid carcinoma), and emphasize the critical role of combining pharmacotherapy with
lifestyle interventions to maintain muscle mass and long-term weight loss. Ultimately, given the strong link between obesity and
cancer, GLP-1 RAs represent a promising new class of agents that may not only help to manage obesity but also serve as effective
chemopreventive tools against obesity-associated cancers.

1 | Introduction associations are complex and multifactorial (Figure 1). For in-

stance, adipose tissue in obesity becomes a source of chronic

The global rise in obesity is linked to a parallel increase in
obesity-associated cancers [1]. Epidemiologic studies attribute
about 20% of all malignancies to excess body weight [2, 3],
and obesity has been demonstrated to independently worsen
cancer outcomes [4]. The mechanistic underpinnings of these

inflammation and dysregulated adipokine secretion (e.g., ele-
vated leptin, reduced adiponectin, and altered cytokines) that
creates a pro-tumorigenic milieu [5]. Furthermore, obesity-
related metabolic dysfunctions (insulin resistance, hyperinsu-
linemia, and altered IGF-1 signaling) are implicated in cancer
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development and progression [6]. Weight loss, therefore, is a
foundational strategy for reducing cancer risk in individuals
with obesity. Indeed, intentional weight reduction has been
associated with lower cancer incidence; for example, bariatric
surgery (which induces substantial weight loss) reduces the risk
of obesity-related cancers by 33% (over 50% for hepatocellular,
endometrial, and pancreatic cancers) [7-10] as well as cancers
overall [11]. Yet, a proportion of people receiving bariatric sur-
gery fail to experience substantial weight loss or metabolic
benefits. Moreover, sustained weight loss through lifestyle
modification alone is often challenging, and many people do
not maintain sufficient weight reduction to impact long-term
cancer risk.

While glucagon-like peptide-1 receptor agonists (GLP-1 RAs) do
not impart the same degree of weight loss as that accomplished
with bariatric surgery, they have transformed obesity treatment
by helping people achieve levels of weight loss superior to those
of any other medical therapy to date [12]. These agents not only
promote substantial and sustained weight reduction but also im-
prove glycemic control and cardiovascular risk factors [13, 14].
GLP-1 RAs mimic the natural incretin hormone GLP-1, result-
ing in appetite suppression, delayed gastric emptying, enhanced
satiety, and improved insulin sensitivity. In clinical use, GLP-1
RAs such as terzepitide and semaglutide typically produce a
10%-15% reduction in body weight for the majority of people
[12,15-22] (Table 1).
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FIGURE1 |

Obesity-associated mechanisms of cancer development and the potential benefits of GLP-1RAs. Obesity promotes cancer through

chronic inflammation, hormonal dysregulation, and adipokine imbalance. GLP-1RAs produce significant and sustained weight loss while improv-

ing glycemic control and reducing systemic inflammation. Emerging evidence also suggests potential direct antitumor effects through modulation of

key signaling pathways. Current clinical data indicate reduced risk for several obesity-related cancers, neutral associations with others, and ongoing

investigation into thyroid cancer risk. Overall, GLP-1RAs may help lower cancer risk by improving the metabolic and inflammatory environment

associated with obesity.

TABLE 1 |

FDA-approved GLP-1 receptor agonists and dual GIP/GLP-1 receptor agonists used for obesity and/or Type 2 diabetes, their

manufacturers, and representative average percentage weight loss reported in clinical trials.

Drug Manufacturer Average % Wt. loss References
Exenatide AstraZeneca ~2%-4% [15-18]
(Byetta; Bydureon BCise)
Liraglutide Novo Nordisk ~5%-9% [19, 20]
(Saxenda; Victoza)
Dulaglutide Eli Lilly ~3%—-5% [23, 24]
(Trulicity)
Tirzepatide Eli Lilly ~15%-21% [21, 22, 25-29]
(Zepbound; Mounjaro)
Semaglutide Novo Nordisk ~10%-15% [13, 29-32]
(Wegovy; Ozempic; Rybelsus)
Lixisenatide Sanofi ~1%-3% [33]
(Adlyxin)
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TABLE 2 | Emerging anti-obesity therapies in clinical development, and representative weight-loss outcomes reported in clinical trials.

Drug Mechanism Company/status Weight loss References
Retatrutide GLP-1/GIP/ Eli Lilly/Investigational 17%/36 weeks [35, 36]
Glucagon

Amycretin GLP-1/Amylin Novo Nordisk/Phase 2/3 24%/36 weeks [34, 37]
CagriSema GLP-1/Amylin Novo Nordisk/Phase 3 16%/32 weeks [38]
Orforglipron GLP-1 Eli Lilly/Phase 3 7%-11%/72 weeks [39-41]

Additional promising and potentially more efficacious incretin-
based therapies include Retatrutide, Amycretin, CagriSema,
and Orforglipron. Tirzepatide (marketed as Mounjaro for Type 2
diabetes and Zepbound FDA-approved for obesity), a dual GLP-1
and GIP (glucose-dependent insulinotropic polypeptide) ago-
nist, is emerging as an effective weight loss therapy, with ~20%
weight loss being reported over 40 weeks [34]. Promising GLP-1
agonists still in development include (Table 2) retatrutide, a tri-
ple agonist targeting GLP-1, GIP, and glucagon receptors, associ-
ated with weight loss of up to 24% over 36 weeks in clinical trials
[35, 42]. Amycretin, a dual GLP-1 and amylin receptor agonist,
has demonstrated substantial weight loss of up to ~22% in early-
phase clinical trials over 36 weeks, suggesting efficacy that may
exceed that of currently approved GLP-1 receptor agonists, al-
though confirmation in large, long-term studies is needed [43].
CagriSema, a fixed-dose combination of semaglutide and the
amylin analog cagrilintide, has demonstrated approximately
15%-17% weight loss over 32weeks in Phase 2 trials, exceeding
the efficacy of either agent alone [44]. Orforglipron, the first
oral, nonpeptide GLP-1 receptor agonist, has demonstrated
dose-dependent weight loss of up to ~15% over 36 weeks in Phase
2 trials, offering a convenient pill-based alternative to injectable
incretin therapies [39]. More recently, in the Phase 3 ATTAIN-2
trial in individuals with obesity and Type 2 diabetes, once-daily
orforglipron produced significant, placebo-adjusted weight re-
ductions of up to ~9.6% at 72 weeks, along with improvements in
glycemic and cardiometabolic parameters, with a safety profile
consistent with GLP-1 RA drugs [40]. These emerging therapies
represent a significant advance in obesity pharmacotherapy,
with the potential to surpass earlier agents such as liraglutide
and semaglutide in both efficacy and patient convenience.

A critical consideration in interpreting the efficacy and safety
of incretin-based therapies is the substantial heterogeneity
across agents with respect to receptor potency, pharmacoki-
netics, dosing regimens, and resultant biological effects. GLP-1
RAs are not a uniform class; rather, they encompass short-
acting agents (e.g., exenatide, lixisenatide) with modest weight
loss effects; intermediate agents (e.g., liraglutide) requiring
higher daily dosing to achieve clinically meaningful weight
loss; and long-acting, highly potent analogs (e.g., semaglutide)
engineered for sustained receptor activation. Similarly, newer
multi-agonists such as tirzepatide and retatrutide exhibit
clear dose-dependent effects, with higher doses driving sub-
stantially greater weight loss but also potentially amplifying
pharmacodynamic consequences. As such, aggregating out-
comes across trials without accounting for differences in dose,
duration, and molecular design may obscure meaningful dis-
tinctions in both efficacy and risk. Importantly, agents with

greater potency and prolonged exposure may exert differential
effects on proliferative signaling pathways, raising unresolved
questions regarding long-term safety, including cancer risk.
For example, earlier GLP-1 RAs such as albiglutide demon-
strated minimal weight loss in cardiovascular outcome trials
[45], underscoring that not all agents confer comparable meta-
bolic benefits. Therefore, both efficacy and safety (particularly
in the context of chronic use for obesity) must be interpreted
in a drug-specific and dose-dependent manner, with careful
attention to pharmacologic properties, rather than consider-
ing them as producing a homogeneous class effect.

Beyond weight loss, GLP-1 receptor agonists improve multiple
aspects of metabolic health, including lowering fasting glucose
and insulin levels, improving insulin sensitivity and lipid pro-
files, reducing systemic inflammation, modulating the gut mi-
crobiome and gut-brain axis, and restoring hormonal regulation
of appetite and glucose homeostasis [46] all of which could the-
oretically modulate cancer risk. Given the strong link between
obesity and cancer, there is intense interest in whether GLP-1
RA-induced weight loss and metabolic changes translate into
reduced cancer incidence. At the same time, safety concerns
are raised about potential associations between GLP-1 RAs and
certain malignancies (notably thyroid and pancreatic cancers)
based on early animal studies and case reports [4]. This has
prompted extensive research to clarify the net effect of GLP-1
RAs on cancer risk.

In this review, we discuss the impact of obesity on cancer risk
and how GLP-1 RAs may alter the metabolic and inflamma-
tory milieu to reduce cancer risk in individuals with obesity.
We then summarize emerging evidence from clinical trials
and population-based studies on cancer risk in people receiv-
ing GLP-1 RAs, highlighting patterns of cancer risk reduction
as well as any indication of risk elevation. We also address the
critical issues of lean body mass (LBM) loss and weight regain
associated with GLP-1 RA therapy, as these factors influence
long-term health outcomes. Finally, we emphasize the need for
integrated lifestyle interventions alongside pharmacotherapy
to ensure sustainable weight management and maximal health
benefits, and we conclude with perspectives on the overall im-
pact of GLP-1 RAs in cancer prevention and outline priorities for
future research.

2 | Obesity, Body Composition, and Cancer Risk

Excess adiposity is a significant risk factor for cancer devel-
opment. Increased body mass index (BMI) shows a linear
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positive correlation with the risk of many site-specific tumors
[47]. Key biological mechanisms link obesity to carcinogenesis:
chronic low-grade inflammation, hormonal changes, and al-
tered adipokine levels create a pro-carcinogenic environment
[48]. During obesity, expanding adipose tissue stores secrete
abnormally high levels of pro-inflammatory cytokines (such
as TNF-a and IL-6) and adipokines such as leptin, while bene-
ficial adiponectin levels decline [49]. Elevated leptin in obesity
can promote cancer cell proliferation, invasion, and angio-
genesis, and it impairs apoptosis and immune surveillance,
whereas adiponectin has anti-proliferative, pro-apoptotic ef-
fects [49]. This imbalance drives tumor progression. Obesity
is also associated with hyperinsulinemia and increased bio-
availability of insulin-like growth factor-1 (IGF-1), which can
stimulate cell growth and inhibit apoptosis in various tissues
[50, 51]. Insulin resistance and high circulating glucose fur-
ther contribute to a metabolic environment conducive to
cancer cell survival [52]. Epidemiologic data link Type 2 dia-
betes and poor glycemic control with elevated cancer risk and
mortality [53], underscoring the interplay between metabolic
health and oncogenesis.

2.1 | Body Fat Distribution and Cancer Risk

The relationship between adipose tissue distribution and car-
cinogenesis is heterogeneous. Visceral adipose tissue (VAT, the
fat surrounding internal organs, which typically consists of
white adipose tissue) appears more deleterious than subcuta-
neous fat [5, 54]. VAT is metabolically active and secretes pro-
inflammatory cytokines, adipokines, and growth factors that
can promote tumor development. Epidemiologic studies have
found that higher visceral fat (often measured by waist circum-
ference, waist: hip ratio, bioelectrical impedance, or imaging) is
associated with a greater cancer risk independent of BMI [55].
A large study conducted using UK Biobank data (n=461,665;
median 12-year follow-up) published in 2024 showed that vis-
ceral adipose tissue estimated from anthropometric measures
and validated against MRI body composition accounted for a
higher proportion of risk in the population than overall obesity,
with population-attributable risks for high VAT of 9.0% in men
and 11.6% in women, compared with 5.0% and 8.2%, respec-
tively, for high BMI [56]. By contrast, subcutaneous fat appears
less metabolically inflammatory than visceral fat and generally
shows weaker or null associations with metabolic risk, consis-
tent with depot-specific adipose biology [57]. This implies that
two individuals with the same BMI can have different cancer
risk depending on adipose tissue distribution. Whether reduc-
ing visceral adiposity lowers cancer incidence remains un-
tested, but VAT is a biologically plausible and modifiable target
for cancer prevention. GLP-1 receptor agonists preferentially re-
duce VAT, making this pharmacotherapy an attractive potential
obesity related cancer prevention therapy candidate [54].

3 | Sarcopenic Obesity and Low Muscle Mass
Skeletal muscle is a metabolic organ and its mass shapes

the same insulin- and inflammation-related pathways that
link adiposity to cancer risk. It is the predominant site of

insulin-mediated glucose disposal in the postprandial state
[58], and it acts as an endocrine organ, releasing contraction-
induced myokines such as IL-6 that regulate glucose uptake,
fat oxidation, and systemic inflammation [59]. Through these
functions, greater relative muscle mass is associated with
lower insulin resistance and a reduced likelihood of predia-
betes. Sarcopenic obesity refers to the phenotype of having
both excess fat and low muscle mass (sarcopenia). This com-
bination may compound cancer risk and worsen outcomes
[60-62]. Individuals with sarcopenic obesity often exhibit
worse metabolic profiles (insulin resistance and chronic in-
flammation) than people with obesity who have more mus-
cle [63]. Research has shown [64] that sarcopenic obesity is
associated with higher frailty, treatment complications, and
shorter survival in several cancers. For example, in a recent
cohort of 6790 people with cancer, it was reported that those
with sarcopenic obesity had a 50% higher risk of mortality
compared with people without sarcopenia (hazard ratio ~1.5)
[65]. The presence of too little muscle may also blunt the ben-
efits of weight loss. Muscle helps regulate blood sugar and
inflammation; therefore, a person living with obesity who
has very low muscle mass may not experience as much risk
reduction from losing weight if that weight loss also comes
with further muscle wasting [66-68]. These observations un-
derscore that improving body composition (by decreasing fat
mass while preserving or increasing LBM, especially skeletal
muscle) is an optimal strategy to lower cancer risk [67]. Simply
focusing on scale weight or BMI is not enough; the nature of
weight loss (i.e., fat vs. muscle) and the specific type of fat loss
(i.e., visceral vs. subcutaneous) impacts the extent of cancer
risk reduction [69, 70].

Because chronic hyperinsulinemia and insulin resistance are
among the principal mediators linking adiposity to carcino-
genesis [51, 71], muscle mass plausibly lowers cancer risk indi-
rectly by improving cancer-related pathways. Consistent with
this, higher leisure-time physical activity, which builds and
preserves muscle, is associated with a lower risk of 13 of 26
cancer types across pooled cohorts totaling 1.44 million adults,
with most associations independent of body size [72]. Direct
evidence that muscle mass itself is associated with cancer in-
cidence is more limited and site-specific: in the UK Biobank,
sarcopenia and its correlates (low grip strength and low
muscle-mass index) were associated with a higher incidence
of predominantly gastrointestinal cancers that was observed
more strongly among men, and these associations persisted
after adjustment for BMI [73]. Epidemiologic evidence for mus-
cle as an independent cancer risk factor remains scarce. A sub-
stantial fraction of the GLP-1-induced weight lost is lean mass
[13], reinforcing the importance of considering therapeutic ef-
fects on overall body composition. The prior evidence linking
sarcopenic obesity and behaviors that support the preservation
or increase in lean muscle mass in cancer etiology provides a
rationale for pairing GLP-1 RA therapy with physical activity/
resistance exercise and adequate protein intake to preserve
lean mass in concert with VAT reduction, rather than focusing
solely on scale weight or BMI as clinical targets for cancer risk
reduction. However, clinical studies testing combined lifestyle
and GLP-1 RA therapy for effects on cancer relevant mecha-
nisms are lacking.
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4 | Weight Loss Benefits for Cancer Prevention:
Lifestyle and Bariatric Surgery

Observational evidence indicates that weight loss lowers the
risk of obesity-related cancers, although randomized con-
trolled trials confirming this relationship are limited. In a
large cohort of postmenopausal women participating in the
Women's Health Initiative, those who intentionally lost >5%
of their body weight had approximately a 12% reduction in the
risk of developing obesity-associated cancers compared with
women with stable weight [74]. Notably, weight loss was as-
sociated with significantly lower rates of obesity-related can-
cers including breast cancer, even after accounting for whether
the weight loss was intentional or not. Abdominal fat loss (re-
duction in waist circumference) showed similar benefits. In
the largest pooled analysis to date of prospective data from
180,885 women in 10 cohorts, sustained weight loss was asso-
ciated with progressively lower breast cancer risk in women
aged 50 years and older [75]. Only one randomized, controlled
trial, the Look AHEAD study, found a 16% lower incidence of
obesity-related cancer in the intensive-lifestyle arm, direction-
ally consistent with the observational data but not statistically
significant, as the trial was underpowered for cancer endpoints
[76]. These observational findings align with the biology that
reducing excess adipose tissue (especially VAT) lowers levels of
pro-carcinogenic factors such as insulin, estrogen, and inflam-
matory cytokines [77].

Studies of cancer risk following bariatric surgery provide
the clearest evidence that substantial weight loss lowers can-
cer incidence. Bariatric surgery typically achieves large, du-
rable weight reduction of 20%-30% of body weight. In the
SPLENDID matched-cohort study of 30,318 adults, bariatric
surgery was associated with a 32% lower incidence of obesity-
associated cancer and 48% lower cancer-related mortality,
with the strongest individual-site reduction for endometrial
cancer (hazard ratio = 0.47) [11, 78]. The prospective Swedish
Obese Subjects study, with roughly 20kg of sustained weight
loss, similarly found a 33% lower overall cancer incidence in
women (42% lower risk) but not men [7], and a large multisite
cohort showed similar results [9]. In a 2023 systematic review
of 32 studies, bariatric surgery was associated with roughly
a 38% reduction in overall cancer incidence and about a 41%
reduction in obesity-related cancer incidence (relative risk
~0.59) [10]. Significant risk reductions were observed for many
obesity-linked cancers. For example, people, post-surgery, had
a 50%-60% lower risk of endometrial, ovarian, and breast can-
cers on average. Bariatric surgery was also associated with
a 50% reduction in cancer mortality in these analyses [10].
These improvements are likely mediated by the metabolic
and endocrine changes accompanying sustained weight loss,
including reductions in chronic systemic inflammation, im-
proved insulin sensitivity with lower circulating insulin and
IGF-1 levels, and favorable changes in adipokine signaling,
characterized by decreased leptin and increased adiponectin.
Together, these alterations create a less pro-tumorigenic sys-
temic environment [79].

Not all weight loss is equal in terms of health benefits. Losing
fat mass is the goal, but where the loss occurs (i.e., visceral vs.
subcutaneous) and whether the adipose tissue lost is brown

or white are also important determinants of metabolic health
and disease risk [80]. Visceral adipose tissue is metabolically
active and contributes disproportionately to chronic low-grade
inflammation, insulin resistance, and the production of pro-
inflammatory adipokines that promote obesity-associated
diseases, including cancer. In contrast, subcutaneous adipose
tissue, particularly in the gluteofemoral region, is generally
considered metabolically protective because it serves as a rel-
atively safe reservoir for lipid storage and is associated with
improved insulin sensitivity and lower cardiometabolic risk
[81, 82]. Brown adipose tissue, unlike white adipose tissue,
dissipates energy through nonshivering thermogenesis and
contributes to improved glucose and lipid metabolism, making
preservation or activation of brown fat a potentially beneficial
therapeutic target [83]. Consequently, weight-loss strategies
that preferentially reduce visceral white adipose tissue while
preserving metabolically beneficial tissues are likely to con-
fer greater health benefits than equivalent reductions in body
weight alone. Losing LBM (muscle and bone) is almost always
detrimental. Calorie restriction without exercise can lead to
significant muscle loss, especially in older adults [84]. For ex-
ample, in older adults with obesity, diet-induced weight loss
alone can exacerbate sarcopenia and frailty, whereas combin-
ing weight loss with resistance exercise helps preserve lean
mass and improves functional capacity [85]. This principle em-
phasizes that effective obesity interventions should maximize
fat loss while minimizing muscle loss. Maintaining muscle
through exercise and adequate protein intake during weight
loss is, therefore, essential because it ensures that the weight
reduction translates into better metabolic health and cancer
risk reduction, rather than introducing new risks associated
with sarcopenia.

5 | Weight Loss, Metabolic, and
Anti-Inflammatory Effects of GLP-1 Receptor
Agonists

GLP-1 RAs promote weight loss and improve metabolic
health, both of which may favorably influence cancer risk.
Pharmacologically, these agents bind to GLP-1 receptors in
the pancreas and brain, mimicking the actions of endogenous
GLP-1. Activation of central GLP-1 receptors, particularly
within the hypothalamus, suppresses appetite and promotes
earlier satiety, resulting in reduced caloric intake. In peripheral
tissues, GLP-1 RAs enhance glucose-dependent insulin secre-
tion, suppress glucagon release, and delay gastric emptying,
leading to improved glycemic control and reduced energy intake
[86, 87]. In individuals with obesity, with or without Type 2 dia-
betes, these combined effects often produce substantial and sus-
tained weight loss. GLP-1 RAs also improve insulin sensitivity
and reduce hyperglycemia and hyperinsulinemia, metabolic ab-
normalities that have been implicated in tumor growth and can-
cer progression [13, 52]. Although originally developed to lower
HbAIc in people with Type 2 diabetes, GLP-1 receptor agonists
have also been associated with improved cancer-related survival
in this population [88].

The weight-loss effects of GLP-1 RAs are notable. Over months
of therapy, people typically experience progressive weight loss
predominantly through a reduction in fat mass and lean body
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mass [13]. GLP-1 RAs produce sustained weight reduction that
is maintained for as long as the medication is continued, with
substantial weight regain after discontinuation [89]. Alongside
weight loss, GLP-1 RAs help remodel adipose tissue and im-
prove adipose function [90]. Weight reduction with GLP-1 RAs
is accompanied by decreased secretion of pro-inflammatory
adipokines and cytokines from adipose tissue, as total fat mass
(especially visceral fat) shrinks [91]. People receiving GLP-1 RAs
often show lower levels of C-reactive protein and other inflam-
matory markers [92], reflecting a systemic anti-inflammatory
effect. By reducing obesity-induced inflammation, GLP-1 RAs
may directly counter one of the key drivers of obesity-related can-
cer risk. GLP-1 RAs may, therefore, contribute to lower cancer
risk in part by dampening chronic inflammation and improving
the immune-metabolic environment [48, 93]. In addition, GLP-1
RAs exert favorable changes in lipid metabolism and blood pres-
sure, contributing to overall metabolic health. Improved met-
abolic profiles (lower insulin, glucose, triglycerides, and blood
pressure) can remove or reduce growth stimuli for cancer cells.
Preclinical research also suggests that GLP-1 RAs might have
direct anti-tumor effects independent of weight loss, including
effects on tumor growth, migration, intracellular signaling, and
antitumor immune responses [94, 95]; however, GLP-1 receptor
(GLP-1R) expression is generally low in most human tumors, re-
ducing the likelihood that direct receptor-mediated effects are
the predominant mechanism at the population level [96].

5.1 | Mechanistic Insights

GLP-1Rs are expressed in multiple organs and cell types in
humans and model species [97, 98]. In the pancreas, GLP1R
is abundant on f-cells and present (though typically lower) on
d-cells. Very few a-cells express GLP1R. In the gastrointesti-
nal tract, GLP1R is highest in duodenal Brunner's glands and
is found on gastric mucosal cells and enteric neurons. Notably,
primates show GLP1R on stomach parietal cells [98], whereas
in mice GLPIR is localized to gastric mucous neck cells [99].
Enteric (myenteric) neurons throughout the gut express GLP1R
in both species [98, 99]. In the brain, GLPIR is present in re-
gions governing metabolism and appetite: abundant in the hind-
brain/area postrema and hypothalamus (arcuate, PVN, VMH)
[100, 101]. In the cardiovascular system, GLP1R is found on
sinoatrial node myocytes and atrial cardiomyocytes (murine
GLP1R is limited to atria [100]), and low-level GLP1R mRNA is
detectable in human ventricular tissue [101]. Vascular smooth
muscle cells (arterioles in kidney, lung, etc.) also express GLP1R
[98]. Other sites include kidney arterioles, lung vasculature
(SMCs), thyroid C-cells (mediating calcitonin release), and joint
chondrocytes [102]. GLP1R can be induced in activated immune
cells (T cells) and is reported in epicardial fat [103].

Independent of weight loss, the activation of GLP-1R in exper-
imental models has been shown to inhibit cancer cell prolifer-
ation, induce apoptosis, and suppress migration and invasion
via multiple signaling pathways [104]. In some tumor models,
GLP-1R agonists activate CAMP/PKA and/or AMPK signaling,
with downstream inhibition of pro-survival pathways includ-
ing PI3K/AKT/mTOR and ERK-MAPK signaling [105, 106].
For example, liraglutide (a GLP-1RA) inhibits colorectal cancer

cell proliferation, migration, and invasion by blocking the PI3K/
AKT/mTOR cascade [107]. Similarly, GLP-1R stimulation has
been shown to increase cAMP levels that inhibit AKT and
ERK1/2 activity and induce apoptosis in tumor cells [108].
These effects include cell-cycle arrest (via downregulation of
cyclin D1/A2) and activation of pro-apoptotic kinases (such as
p38 MAPK), and autophagy. In endometrial cancer cells, GLP-
1RA treatment activates AMPK, inhibits mTOR signaling,
and promotes apoptosis [108]. Concurrently, GLP-1R signaling
can restrain NF-xB activity: for instance, GLP-1RA treatment
of breast cancer cells suppresses NF-xB and activates cAMP/
CREB, thereby increasing apoptosis and slowing proliferation
[108]. Thus, GLP-1RAs coordinately inhibit proliferative drivers
(PI3K/AKT, ERK) and pro-survival pathways (NF-xB) while en-
gaging cell-death and cell-cycle checkpoint pathways. GLP-1R
signaling is not uniformly anti-proliferative. In tissues that ex-
press the receptor, activation can promote growth: in murine
intestine, GLP-1R agonists increase mucosal proliferation and
polyp number and size through an Fgf7-dependent mechanism,
and GLP-1R stimulation drives C-cell proliferation in the rodent
thyroid. These tissue-specific pro-proliferative effects, together
with low GLP-1R expression in most human tumors, indicate
that direct action may be context-dependent.

GLP-1RAs also remodel the tumor microenvironment and host
metabolism; independent of anti-obesogenic effects. GLP-1R
signaling has been reported in several immune cell popula-
tions, including macrophages, monocytes, and lymphocytes.
In macrophage models, GLP-1/GLP-1R signaling can promote
an anti-inflammatory, M2-like phenotype while reducing M1-
associated inflammatory mediators, including TNF-o and IL-6.
Mechanistically, these effects have been linked to cAMP-PKA
signaling, AMPX activation, and suppression of inflammatory
pathways such as INK/STAT3 and NF-xB [93, 109]. The result is
improved CD8* T-cell metabolic fitness and memory formation,
and reduced T-cell exhaustion [102, 110]. Moreover, GLP-1R ag-
onists create a host metabolic milieu that is unfriendly to tum-
origenesis: they lower insulin and IGF-1 levels, reduce obesity
and ectopic fat, and decrease systemic inflammation [111]. By
improving glycemic control and insulin sensitivity, GLP-1RAs
diminish growth signals that often fuel cancer. In preclinical
models, these combined effects, such as direct blockade of on-
cogenic pathways (PI3K/AKT/mTOR, NF-xB, and ERK) and
a healthier metabolic/inflammatory state translate to reduced
angiogenesis, invasion (lower MMPs, EMT markers), and tumor
progression.

In summary, by producing weight and visceral fat loss, GLP-1
RAslower insulin, IGF-1, and systemic inflammation and repro-
gram immune cells toward a less inflammatory state, thereby
reducing the metabolic drivers of obesity-associated cancer. In
preclinical models, GLP-1R activation in tumors drives cAMP/
PKA-dependent inhibition of AKT and ERK, activation of
AMPK/p38 and autophagy, and induction of cell-cycle arrest
and apoptosis. It also inhibits NF-xB and related cytokine sig-
naling. At the same time, GLP-1RAs reprogram immune cells to
a less inflammatory state and improve host metabolism. These
pleiotropic, pathway-specific mechanisms support a net anti-
tumor effect of GLP-1R agonists, particularly against obesity-
driven cancers.
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6 | Human Evidence for GLP-1 RA Use and Cancer
Risk

Table S1 summarizes the current evidence on the association be-
tween GLP-1RAs and cancer risk. The highest-quality evidence
derives from randomized controlled trials. These investigations
provide critical insights into the safety profile of GLP-1RAs in
people with Type 2 diabetes and obesity, with a focus on overall
and specific cancer risks.

The LEADER randomized controlled trial, which enrolled 9340
people with Type 2 diabetes at high cardiovascular risk, found
no significant increase in overall malignant neoplasm risk with
liraglutide compared with placebo over a median follow-up of
3.8years (HR 1.06, 95% CI 0.90-1.25) [112]. Notably, however, li-
raglutide was associated with a significant reduction in prostate
cancer risk (HR 0.54; 95% CI: 0.34-0.88) [112]. The LEADER
trial's strengths lie in its large sample size, randomized design,
and robust statistical reporting. However, the short follow-up
period, potential limitations in subgroup analyses, and lack of
mechanistic insights weaken its ability to definitively conclude
long-term cancer risk or explain the prostate cancer finding. The
trial was not designed to evaluate site-specific neoplasm risk,
and the low event rate for specific cancer types makes inference
regarding site-specific cancer risk underpowered. Larger stud-
ies with longer follow-up and broader populations are needed to
confirm and expand on these results.

Two large-scale TriNetX US Collaborative Network data-
base (2013-2023) studies provide real-world evidence. In a
study of over 1.1 million adults, reported that semaglutide
conferred broad cancer protection, particularly for gastro-
intestinal, breast, skin, genitourinary, and prostate cancers
[113, 114]. Liraglutide showed mixed outcomes, with possible
increased risks for thyroid, breast, respiratory, hematologic,
and mesothelial cancers, while dulaglutide showed modest
protective effects, especially for GI and skin cancers [113].
These estimates were not corrected for multiple comparisons
across numerous cancer types and agents, are susceptible to
confounding by indication and differential surveillance, and
imply within-class differences that are biologically implausi-
ble for agents sharing a common mechanism of action. Wang
et al.'s TriNetX retrospective cohort study of 1,651,452 peo-
ple with Type 2 diabetes reported that GLP-1 receptor agonist
use was associated with significantly lower risks of several
obesity-associated cancers compared with insulin, including
pancreatic cancer (HR 0.41, 95% CI 0.33-0.50), colorectal can-
cer (HR 0.54, 95% CI 0.46-0.64), and kidney cancer (HR 0.76,
95% CI 0.64-0.91); however, these apparent protective associa-
tions were not observed when GLP-1RAs were compared with
metformin; kidney cancer risk was higher in the GLP-1RA
group versus metformin (HR 1.54, 95% CI 1.27-1.87) [114].
Because insulin is mitogenic, the insulin comparison may re-
flect risk attributable to the comparator rather than benefit
conferred by GLP-1 RAs, and the absence of any reduction
versus metformin supports this interpretation. The observa-
tional nature of these electronic medical record-based studies,
potential confounding, and limited follow-up periods neces-
sitate caution in interpreting results. The mixed outcomes for
liraglutide in the first study and the lack of unique benefits
compared with metformin in the second highlight the need

for randomized controlled trials with longer follow-up to con-
firm these findings and elucidate mechanisms.

Two multinational real-world cohort studies specifically
examined thyroid cancer risk (papillary/follicular types).
One across six countries incorporating ~2.6 million people
with T2D found no increased risk with GLP-1RAs (HR 0.81;
95% CI: 0.59-1.12) compared with DPP-4 inhibitors [115].
A Scandinavian registry study of 437,077 people likewise
showed no elevated thyroid cancer risk (HR 0.93; 95% CI:
0.66-1.31) across several GLP-1RAs, further supporting their
neutral effect on thyroid cancer [116]. Both multinational co-
hort studies provide robust real-world evidence supporting the
neutral effect of GLP-1RAs on thyroid cancer risk in people
with T2D, with HRs of 0.81 and 0.93 indicating no significant
increase compared with DPP-4 inhibitors or an unspecified
control. Strengths include large sample sizes, real-world data,
and consistent findings, but weaknesses such as observational
designs, unspecified follow-up periods, and wide confidence
intervals limit causal inference and precision. Future studies
with longer follow-up, drug-specific analyses, and random-
ized designs are needed to further confirm the thyroid safety
of GLP-1RAs.

7 | Meta-Analysis and Systematic Review
Evidence

Across tens of thousands of people with obesity or T2D in ran-
domized, controlled trials and millions of participants in obser-
vational studies, GLP-1RAs show cancer-type-specific effects,
with neutral to protective associations for most cancers, but
uncertainty remains around thyroid cancer risk and long-term
effects (as these drugs have been in widespread use for only a
few years, while cancers have decades-long latency). The most
rigorous synthesis, a 2026 meta-analysis of 48 randomized
trials (~94,245 participants), found no significant association
between GLP-1 RAs and any of 13 obesity-related cancers, in-
cluding thyroid cancer (OR 1.37; 95% CI 0.82-2.31), although
follow-up was short for detecting long-latency cancer risk out-
comes [117].

Thyroid cancer risk is the most debated. Several meta-analyses
report increased odds with GLP-1RAs. For instance, Tang and
Zhang [118] found ORs up to 2.70; Silverii and Monami [119]
reported a moderate increase (OR 1.52); and Hu and Song
[120] suggested a modest elevation (RR 1.30). However, other
analyses such as Cao et al. [121] and Pasternak et al. [116]
found no statistically significant increase, leaving this risk in-
conclusive. Importantly, when specified, the thyroid tumors
reported in human GLP-1RA studies are predominantly pap-
illary (follicular-cell-derived) rather than C-cell (medullary)
in origin, contrasting with rodent models that show C-cell hy-
perplasia. The increased thyroid cancer risk reported in some
meta-analyses may arise from biological mechanisms (C-cell
stimulation in susceptible individuals), detection bias due to in-
creased screening (particularly identifying small papillary mi-
crocarcinomas), and methodological limitations (confounding,
small event rates, and comparator choice). However, conflicting
findings (no risk in Cao et al. [121] and Pasternak et al. [116])
suggest that risk estimation remains inconclusive, likely due to
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study heterogeneity and human-specific differences from rodent
models. In contrast, prostate cancer consistently shows reduced
risk with GLP-1R A use. Multiple meta-analyses [122-124] report
relative risk reductions ranging from 27% to 47%, indicating a
robust protective association. For colorectal cancer, findings are
more nuanced. Bushi et al. [125] reported significant reductions
when GLP-1RAs were compared to insulin, thiazolidinediones,
and Sodium-Glucose Cotransporter 2 inhibitors. However, no
advantage was seen versus metformin or dipeptidyl peptidase-4
inhibitors. Sun and Liu [126] noted a potential increase in col-
orectal cancer risk based on Mendelian randomization, but the
accompanying RCT meta-analysis was neutral. Similarly, GLP-
1R As were not associated with a higher GI cancer risk [127] or
esophageal cancer [128].

Pancreatic cancer risk appears neutral overall, with no cred-
ible evidence of increased risk across large-scale reviews
[121, 129]. Importantly, GLP-1IRAs may lower hepatocellu-
lar carcinoma risk, especially among people with cirrhosis.
Pasta et al. [130] and Shabil et al. [131] both showed signifi-
cant reductions (HRs as low as 0.41), although comparisons
with metformin remain inconclusive. Finally, no signifi-
cant association with breast cancer was found across mul-
tiple trials [132, 133], supporting the safety of GLP-1RAs in
hormone-sensitive cancers beyond prostate. Kidney cancer
risk was higher among individuals taking GLP-1 RAs than
with metformin in one large cohort [114, 134], which was sup-
ported by findings from an obesity cohort (Dai) and in pooled
analyses of data from clinical trials [117], warranting further
research.

In summary, observational data suggest possible risk reductions
with GLP-1RA use for prostate and hepatocellular cancer and a
comparator-dependent reduction for colorectal cancer, though
these observations have not been confirmed in randomized
trials. Associations of GLP-1 RA use with risk of breast, gas-
trointestinal, and pancreatic cancer are largely null, with a type-
specific increased risk for thyroid cancer, though the evidence
remains inconsistent.

8 | LBM Loss and Weight Regain: Implications for
Cancer Risk

One concern associated with GLP-1 RA-mediated weight loss
is the composition of the weight lost. Ideally, weight reduc-
tion should primarily come from white adipose tissue rather
than brown adipose tissue or LBM, especially skeletal muscle.
While GLP-1 RAs do preferentially reduce fat mass, studies
have shown that some loss of LBM accompanies the fat loss.
Approximately 25%-40% of total weight lost during GLP-
1RA-based or incretin-mimetic pharmacotherapy may derive
from lean/fat-free mass rather than fat mass, although DXA-
defined lean mass includes skeletal muscle as well as nonmus-
cle fat-free tissues and water [135]. In the STEP-1 semaglutide
2.4mg DXA substudy, semaglutide reduced total fat mass by
19.3% and total lean body mass by 9.7%; reanalysis of these
body-composition data estimated that 6.92kg of the 17.32kg
mean weight loss was lean mass, or approximately 40% of total
weight lost [136].

Weight loss induced by GLP-1 receptor agonists includes reduc-
tions in both fat mass and LBM, as occurs with virtually all ef-
fective weight-loss interventions. Early studies with liraglutide
reported that lean body mass accounted for as much as approx-
imately 60% of total weight lost in some cohorts [137], although
subsequent studies have demonstrated substantial variability,
with lean mass typically representing approximately 15%-40%
of total weight loss depending on the population studied, du-
ration of treatment, and methods used to assess body compo-
sition [137]. Recent reviews further emphasize that changes in
lean body mass should be interpreted cautiously because lean
body mass encompasses skeletal muscle as well as water, con-
nective tissue, and organ mass, and does not directly measure
functional skeletal muscle. Consequently, reductions in lean
body mass do not necessarily indicate proportional losses in
muscle strength or quality. The phenomenon is not unique to
GLP-1 receptor agonists; calorie restriction and bariatric sur-
gery similarly result in concurrent losses of fat and lean tis-
sue during weight reduction [138, 139]. Nevertheless, because
GLP-1 receptor agonists can produce substantial weight loss
over relatively short periods, preservation of skeletal muscle
through adequate dietary protein intake and resistance exer-
cise remains an important clinical objective [137, 140]. Skeletal
muscle plays a central role in maintaining resting energy ex-
penditure, physical function, and metabolic health. Excessive
loss of muscle during weight reduction may contribute to de-
clines in strength, functional capacity, and resting metabolic
rate, potentially increasing susceptibility to weight regain and
frailty, particularly in older adults [137, 140]. Accordingly, cur-
rent clinical recommendations emphasize combining GLP-1 re-
ceptor agonist therapy with structured exercise and nutritional
strategies to maximize fat loss while preserving lean tissue and
physical function [137, 140].

Another practical issue is weight regain after discontinuation of
GLP-1 RAs. Withdrawal trials show that when GLP-1 RA-based
therapy is stopped, people regain a substantial portion of the
lost weight, often trending back toward baseline over months
to a year, with partial reversal of cardiometabolic benefits
[141, 142]. In the STEP1 trial extension, participants who dis-
continued semaglutide regained about two thirds of their prior
weight loss within 1year [141]. A randomized trial extension
similarly found that weight regain is common after cessation of
GLP-1 RA treatment unless people transitioned to an alterna-
tive maintenance strategy such as continued exercise [143]. This
rebound reflects the loss of pharmacologic appetite suppression
and metabolic effects, leading to increases in hunger and en-
ergy intake. Discontinuation rates are also common in clinical
practice; in a cohort of 125,474 adults, 64.8% of those without
Type 2 diabetes discontinued within 1year, although a substan-
tial fraction subsequently reinitiated therapy, often prompted
by weight regain [144]. Following discontinuation, individuals
may regain up to two-thirds of the weight they initially lost [145].
In addition, there is evidence that the weight-loss response to
long-term GLP-1 RA therapy plateaus over time, likely due to
adaptive metabolic and appetite-regulating mechanisms, which
may necessitate dose escalation or adjunctive behavioral and
nutritional interventions [146]. Prolonged semaglutide use has
also been associated with weight-loss plateaus and subsequent
weight regain after discontinuation [13, 141].
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From a cancer prevention perspective, weight regain may negate
the protective metabolic benefits achieved during weight loss.
For example, an individual who loses 15% of body weight but
subsequently regains that weight may also lose any associated
reduction in obesity-related cancer risk [74, 141]. Indeed, re-
peated cycles of intentional weight loss followed by regain may
further complicate cancer prevention, because weight cycling
can attenuate the metabolic benefits of sustained weight loss and
has been associated with increased risk for some obesity-related
cancers, particularly endometrial cancer. However, the epidemi-
ologic evidence is mixed, and large prospective cohorts do not
consistently show increased overall cancer risk; therefore, the
strongest conclusion is that durable weight-loss maintenance,
rather than repeated loss-regain cycles, is likely to be most rel-
evant for long-term cancer-risk reduction [147, 148]. Although
in pre-clinical studies where retatrutide was discontinued after
weight loss and weight rebounded, protection against cancer
progression persisted, suggesting that some benefit of weight
loss with GLP-1 RA may be preserved [149]. In summary, while
GLP-1 RAs are highly effective for inducing weight loss, their
long-term benefit depends on maintaining that loss. This re-
quires attention to preserving LBM and implementing strategies
to prevent rebound weight gain because both are essential for
overall health and durable cancer risk reduction. Lifestyle inter-
ventions remain central to achieving these goals.

9 | Integrating Lifestyle Interventions With GLP-1
RA Therapy

GLP-1 RAs are most effective when used as an adjunct to, not
a replacement for, lifestyle modification. Lifestyle interventions
(particularly nutrition and exercise) remain the foundation of
healthy weight management and are critical for maintaining
weight loss and muscle mass during GLP-1 RA treatment [150].
People should engage in a comprehensive weight-loss program
that combines pharmacotherapy with diet, physical activity, and
behavioral strategies.

9.1 | Dietary Management

A high-protein, nutritionally balanced diet helps ensure that
weight loss comes predominantly from fat stores rather than
muscle by providing the amino acids needed to preserve lean
tissue during a calorie deficit [151, 152]. Some GLP-1 RA studies
and case series have emphasized adequate protein intake and
resistance training during treatment, with reports suggesting
better preservation of lean mass among participants consuming
higher protein diets [153]. Additionally, moderating the pace
of weight loss (i.e., achieving a steady, moderate rate) may re-
duce lean mass loss compared with very rapid weight loss, as
faster rates of weight reduction are consistently associated with
greater proportional losses of fat-free mass [84]. Dietitians often
work with people receiving GLP-1 RAs to craft meal plans that
create a modest caloric deficit while emphasizing protein ade-
quacy and nutrient density, thereby complementing the medi-
cation's appetite-lowering effects while helping preserve lean
mass and nutritional status [154]. Optimizing the balance of
macronutrients (protein, fats, and carbohydrates) and micro-
nutrients is crucial for metabolic health. Diets high in refined

carbohydrates, saturated fats, and ultra-processed foods can
promote systemic inflammation, whereas dietary patterns rich
in fiber, unsaturated fats, vitamins, minerals, and phytochemi-
cals are generally associated with lower inflammatory burden
and improved cardiometabolic health [155]. However, calorie
restriction often leads to reduced intake of vitamins, minerals,
and phytochemicals, necessitating careful dietary planning to
maintain adequate levels of these essential nutrients [156, 157].

9.2 | Physical Activity

Regular physical activity, particularly resistance training, is
strongly recommended for people undergoing weight loss with
GLP-1 receptor agonists. Resistance training (e.g., weightlift-
ing or body-weight exercises) provides a key anabolic stimulus
that helps preserve or increase muscle mass counteracting the
well-documented loss of fat-free mass that accompanies weight
reduction. Evidence from weight-loss interventions consistently
shows that incorporating resistance exercise attenuates lean
mass loss compared to diet-induced weight loss alone, sup-
porting its role as a critical adjunct to pharmacologic therapy
[84, 158, 159]. Exercise also improves insulin sensitivity and
cardiovascular fitness, compounding the metabolic benefits
of GLP-1 RA therapy [160]. Even moderate resistance exercise
a few times per week has been shown to attenuate loss of fat-
free mass during dieting [84]. Cardiovascular exercise helps
increase energy expenditure and can aid in additional fat loss
and weight maintenance. Importantly, establishing an exer-
cise routine while on pharmacotherapy also sets the stage for
keeping the weight off after stopping the medication. People
who adopt regular exercise and healthy eating habits are more
likely to sustain their weight loss, whereas those relying solely
on medication often regain weight if the drug is discontinued
[141, 161]. Clinicians thus counsel that GLP-1 RAs “do the heavy
lifting” to jump-start weight loss, but people need to “pick up
the weights” (literally and figuratively) to preserve muscle and
maintain success.

9.3 | Behavioral Support

Behavioral strategies, including structured weight-loss pro-
grams, dietary counseling, cognitive behavioral therapy, moti-
vational interviewing, and mindfulness-based interventions,
can enhance adherence to GLP-1RA therapy by addressing emo-
tional eating, dietary lapses, self-monitoring, and motivation
[162]. These interventions provide people with practical skills
and coping strategies that facilitate the long-term adoption and
maintenance of healthful eating and physical activity behav-
iors, thereby improving treatment persistence and reducing the
likelihood of weight regain after initial weight loss [163, 164].
While GLP-1RAs produce substantial physiological reductions
in appetite, body weight, and adverse metabolic parameters,
behavioral support complements these effects by targeting the
psychological, cognitive, and environmental factors that influ-
ence sustained behavior change. Emerging evidence suggests
that people receiving GLP-1RA therapy in conjunction with
structured behavioral support achieve better long-term adher-
ence and maintenance of weight loss than those receiving phar-
macotherapy alone, even when differences in short-term weight
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loss are modest [165, 166]. This integrated approach may also
promote preservation of lean body mass through reinforcement
of healthy dietary patterns and regular physical activity while
further reducing obesity-associated cancer risk. Accordingly,
combining GLP-1RA therapy with evidence-based behavioral
interventions represents a comprehensive strategy for achieving
durable obesity management and maximizing long-term clinical
benefit.

10 | Conclusion and Future Directions

By suppressing appetite and enhancing satiety, GLP-1RAs drive
dramatic visceral fat loss, better insulin sensitivity, lower blood
pressure and reduced systemic inflammation (all factors that
can interrupt pathways of obesity-driven cancer). Preclinical
and clinical evidence now suggests GLP-1RA-induced weight
loss may translate into lower incidence of several obesity-
related malignancies. The balance of data remains reassuring
in most settings. Initial concerns about pancreatic cancer have
not been borne out, and overall cancer incidence appears no
higher on GLP-1 therapy. Some uncertainties persist (e.g., thy-
roid cancers need longer-term study). However, on balance, a
favorable cancer prevention profile is emerging for GLP-1IRA
use among people with obesity. However, dietitians and clini-
cians have observed that when GLP-1 RAs are used beyond
strict guidelines or without nutritional supervision, people can
end up effectively starving themselves [145, 167]. In some cases,
GLP-1 therapy produces such extreme appetite suppression that
metabolism can mirror that of an anorexic state. Studies find
many GLP-1 agnostic users quickly become deficient in vitamin
D, iron, B-vitamins, and other nutrients [167]. In the short term,
caloric deficit can cause fatigue, dizziness, nausea or other GI
upset, electrolyte imbalances, and orthostatic hypotension.
Without resistance exercise and adequate protein intake, this
pattern raises concern for sarcopenia and functional decline
rather than preservation of metabolically healthy body compo-
sition [13, 168].

It is well known that chronically inadequate nutrition can un-
dermine many aspects of health. Rapid, unbalanced weight
loss without supervision may increase the risk of bone loss and
fracture vulnerability, especially in older or frail people, and
may contribute to persistent sarcopenia, reduced functional
capacity, and lower metabolic rate. Inadequate protein and
micronutrient intake may also compromise immune function
and contribute to cognitive and functional decline, particularly
in older adults or individuals with preexisting frailty [84, 169].
Thus, the goal must be sustainable health improvement, not the
creation of new nutritional deficits. Moving forward, GLP-1RA
therapy is best integrated into a comprehensive clinical care
plan. Weight-loss medications work best when combined with
diet, exercise, and behavioral support, and this is doubly true
for preserving muscle and nutrient status. Future research and
clinical guidelines must, therefore, expand beyond just cancer
outcomes. Investigators should monitor body composition, nu-
trient levels, and functional health in long-term GLP-1RA users,
to ensure benefits (e.g., reduced cancer risk) are not offset by
collateral harm. In practice, every GLP-1RA prescription should
come with nutrition counseling: e.g., smaller protein-rich meals,
vitamin supplementation, and resistance training are now

recommended to protect bone and muscle during therapy and
specific prescriptions for physical activity. Finally, because so
many people are now receiving GLP-1 RA therapy for weight
management, there are excellent opportunities for creating co-
horts of individuals that can be followed over time. It will be
important to do so given the fact that cancer latency tends to
be very long (e.g., decades) while widespread use of these drugs
outside of prescriptions for individuals with Type 2 diabetes has
been occurring for only several years.
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