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Abstract

Older adults, particularly those with diabetes mellitus, are at increased risk of significant functional decline, morbidity, and
mortality after fragility fractures. Glucagon-like peptide-1 receptor agonist (GLP-1RA) medications have become increasingly
important therapies for diabetes, obesity, and cardiometabolic risk reduction. However, GLP-1RAs appear to exert effects
on skeletal health, and this may be clinically relevant in older adults. Recent observational data suggests a modest increase
in fracture risk among older adults initiating GLP-1RA therapy, raising concerns about unintended musculoskeletal conse-
quences. Notably, this study specifically looked at fragility fractures as a primary endpoint and was not an incidental safety
finding. Potential mechanisms include reduced mechanical loading from weight loss, loss of skeletal muscle mass and bone
density, altered bone cellular signaling, decreased nutritional intake, and increased fall risk. Emerging strategies, including
clinical trials focusing on pharmacotherapy to address the composition of weight loss and lifestyle interventions, are in-
vestigating methods to mitigate unintentional effects of these GLP-1RAs. This mini-review synthesizes the evolving evidence
on GLP-1RA medications and skeletal health, explores underlying mechanisms, and outlines clinical strategies to balance
the benefits and risks of these therapies.
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Graphical abstract

[ GLP-1 Receptor Agonists: Balancing Cardiometabolic Benefit and Skeletal Considerations ]
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Review drugs. Table 1 summarizes the evolution of evidence regard-

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have be-
come foundational therapies in diabetes mellitus (DM), obe-
sity, and cardiovascular disease. These agents can substantially
improve glycemic control, weight reduction, and cardiovascu-
lar event outcomes.'* Their expanding use and their study of
unintended skeletal health effects have put GLP-1RA medica-
tions under more focused attention for long-term safety, in-
cluding fragility fractures in high-risk populations.

Patients with DM have an increased risk of fragility fractures
despite preserved bone mineral density.> Measures of trabec-
ular bone scores highlight deficits in bone microarchitecture
in those with DM.® Importantly, fragility fractures are associ-
ated with substantial morbidity, functional decline, and in-
creased mortality, making them clinically significant to study
and target for treatment.

Evidence regarding GLP-1RA medications and fracture risk
has been mixed but steadily transformed over time. Previ-
ously, some trials and analyses have shown negative, neutral,
and positive effects.”® However, these studies were limited
from the most current context and clinical use of these

OPEN 8ACCESS

ing GLP-1RAs and skeletal health over time.

Early work established that patients with diabetes mellitus have
an elevated fracture risk compared to non-diabetics.* Factors
affecting bone quality and risk of falls contribute to this risk, in-
cluding sarcopenia.®* Initial randomized controlled trials (RCTs)
and other analyses were mixed, but largely neutral with respect
to GLP-1RAs on fracture outcomes.®° However, while several
studies showed favorable total body weight loss, many of these
studies were not designed for skeletal events or had relatively
short follow-up durations.>'>1* As GLP-1RA use has expanded,
modern investigations are addressing this more. Weight loss
from these medications is described in terms of the type of
weight loss and with a focus on skeletal effects.™

Recent, real-world data provides a more current and larger
perspective. In a large population-based cohort of 46,177
older adults with type 2 DM, initiation of GLP-1RA therapy was
associated with an 11% increased risk of fragility fractures
compared with DPP-4 inhibitors or SGLT2 inhibitors.* Notably,
GLP-1 therapy was also associated with lower all-cause mor-
tality. However, mortality was not reported in association with
or without fragility fractures.
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The significance of this recent study and its observed association
is closely tied to the expanding modern use of these agents.**®
With a growing population of adults with type 2 DM, increasing
implementation efforts globally,'® and as evidence increasingly
supports cardiometabolic benefits and weight-loss effects of
GLP-1RAs, it is essential to specifically assess and better define
the skeletal implications for this population at high-risk for frac-
ture.® The Meron et al. study should not diminish enthusiasm
for GLP-1RA therapies in this population but broaden our un-
derstanding of the safety and outcomes of their use.

Several mechanisms may explain the observed association be-
tween GLP-1RA therapy and fragility fractures. An indirect
mechanism, GLP-1 induced weight loss reduces mechanical
loading on bone, which may promote bone resorption in sus-
ceptible patients. Reduced caloric intake, frequent with GLP-
1RA use, may lead to decreased protein and calcium
consumption, both essential for bone health.* Additionally, GLP-
1RA associated weight loss is not completely selective for adi-
pose-tissue, in which some weight loss is skeletal muscle mass
and may contribute to increasing fall risk and potentially frac-
ture susceptibility.*°

Clinical studies have reported changes in bone density and
bone turnover markers that were associated with GLP-1RA
therapy.?” Conversely, GLP-1 signaling may also have direct ef-
fects on bone cells. The net clinical effect therefore may be a
balance of competing mechanisms, with indirect effects re-
lated to weight loss, nutrition, muscle loss, and falls being a
predominating concern in at-risk older populations.

A critical limitation of current obesity pharmacotherapy is that
medication-induced weight loss with GLP-1RA therapy in-
cludes more than adipose-tissue alone. A substantial propor-
tion of weight may be lean mass, which can lead to functional
limitations.®* While reductions in lean mass may account for
more than just contractile skeletal muscle, recent literature
has emphasized the importance of evaluating muscle function
and body composition in addition to pure weight change. Nev-
ertheless, loss of muscle or bone mass may be particularly clin-
ically relevant in populations where sarcopenia, frailty, and
fracture risk are already increased.'®°

In older adults, this loss of skeletal muscle may exacerbate sar-
copenia and increase fracture risk.'® Clinical trials are under-
way to address this limitation.?® If therapies, such as
combination pharmacotherapy, can more selectively reduce
adipose mass compared to lean mass, then it may be shown
one day to have preferable outcomes for patients at increased
skeletal event risk. Previous work with an anabolic-catabolic
transfer agent, s-pindolol, has shown favorable lean mass ef-
fects in those with cancer cachexia, and this is being translated
into ongoing work in the context of GLP-1RAs with the upcom-
ing PROACT 1 and PROACT 2 trials.??2 These findings and on-
going work are a testament to optimizing body composition.
For clinicians, these findings have practical implications. While
GLP-1RAs provide substantial benefit in regard to glycemic con-
trol, obesity, and cardiovascular events, there must be a balance
for older or frail patients. Strategies must include nutritional op-
timization, resistance exercise,’° consideration of bone density
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surveillance, and individualized risk-benefits assessments. Re-
cent expert consensus further emphasizes monitoring of nutri-
tional status, body weight, and body composition during
GLP-1RA therapy, with consideration of intervention when ap-
propriate.?

Future research should address the relationship of GLP-1RA
drugs, fracture occurrence, and post-fracture outcomes. While
fragility fractures in older adults are associated with increased
morbidity and mortality, it is unknown if fractures in those on
GLP-1RAs have different outcomes, particularly in light of the
Meron et al. finding of increased fragility fracture risk along-
side an all-cause mortality benefit in those on GLP-1RA.
GLP-1RAs provide substantial glycemic and other metabolic
benefits, but their expanding use may introduce unintended
risk, particularly in older adults with DM. These findings rep-
resent the shift in their use and focus should be given for an
integrated approach to their use. The goal is not to restrict
their use, but to ensure GLP-1RA benefits are achieved with-
out overlooking skeletal vulnerability and other unintended
consequences.
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