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Glucagon-Like peptide-1 receptor agonists (GLP-1-RAs) are increasingly prescribed for type 2 diabetes mellitus
and chronic weight management, especially for the rapidly-growing population of older adults. However, older
adults are also at heightened risk for sarcopenia and frailty, raising morbidity concerns about GLP-1-RA-induced
lean body mass loss. This narrative review summarizes recent studies estimating skeletal muscle mass and/or

Sarcopenia . . . . .
Frailr}}: volume, strength, composition, performance, and acute physiological responses during GLP-1-RA therapy in
Obesity humans, with particular attention to implications for older adults. Because direct evidence in older adults is

scarce, this review primarily synthesizes data from general adult populations and reasonably extrapolates im-
plications for older adults. Most studies found that GLP-1-RA therapy was associated with a loss of skeletal
muscle mass, accounting for up to 8.5% to 24.5% of total weight loss. Studies assessing muscle quality mostly
saw improved muscle quality following GLP-1-RA therapy due to higher muscle density and decreased fat
content. Studies measuring muscle strength generally found no significant change. However, from 21 included
studies, only four studies specifically examined the older adult population, being methodologically heteroge-
neous and difficult to compare. The limited published literature in older adults provides insufficient evidence to
determine age-related vulnerability to skeletal muscle loss while on GLP-1-RA and the potential clinical com-
plications of resultant frailty; additional research in older adult populations is needed. Provisional considerations
for preserving muscle mass during GLP-1-RA therapy are discussed, with particular relevance to older adults.
This review demonstrates that the degree of skeletal muscle loss is variable but can account for a meaningful
fraction of weight lost during therapy. Providers should consider these potential effects when prescribing GLP-1-
RAs, especially in older adults at risk for frailty.

1. Introduction indications suggesting that GLP-1-RAs have potential pleiotropic effects,

including treatment of cardiovascular disease (CVD), heart failure with

1.1. Background

Glucagon-like peptide-1 receptor agonists (GLP-1-RAs) are a class of
medications that exert their effects by activating GLP-1 receptors and
mimic endogenous GLP-1. Their effects include stimulating insulin
release, inhibiting glucagon release, delaying gastric emptying, and
suppressing appetite. These effects led to their initial approval for the
treatment of type 2 diabetes mellitus (T2DM) in 2005 [1,2]. Given their
ability to promote weight loss, GLP-1-RAs have increasingly been
approved and used for chronic weight management since 2015 [3].

Beyond glycemic control and weight loss, there are expanding
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preserved ejection fraction (HFpEF), chronic kidney disease (CKD),
metabolic dysfunction-associated steatohepatitis (MASH), obstructive
sleep apnea (OSA), and peripheral artery disease (PAD), among others
[1,3]. Emerging data further suggest that GLP-1-RA usage is associated
with a lower risk of all-cause dementia and current research is exam-
ining whether it slows cognitive decline [1]. As of October 2025, twelve
GLP-1-RA therapies have been approved for treatment of T2DM or
obesity by the United States Food and Drug Administration (FDA), with
>40 agents currently in development [3].
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1.2. The older adult and GLP-1-RA

A population of interest for the use of GLP-1-RA therapy is older
adults, typically defined as aged >65. This group represents the fastest-
growing demographic in the world, but also the most sedentary,
spending an estimated 9.7 h per day engaged in sedentary behavior
[4-6]. Sedentary behavior is robustly associated with T2DM and weight
gain, which may partly explain why half of the individuals with T2DM
are older adults and 38.9% of older adults are obese [7-11]. Further-
more, the prevalence of T2DM is expected to dramatically increase over
the next few decades due to the aging population and increasing
numbers of higher-risk groups [12]. Concurrently, GLP-1-RA use rose
from 3.4% to 13.8% in older adults with T2DM from 2017 to 2022 [13].

Despite the expanding indications for GLP-1-RAs, some studies
report concerns that GLP-1-RA therapy is associated with the loss of
skeletal muscle [14,15]. This is hypothesized to occur through appetite
suppression, leading to reduced caloric (including protein) intake and
triggering of catabolic hormones utilizing muscle mass for energy [16].
These concerns are most relevant for older adults at the highest risk of
sarcopenia, estimated to affect 18.8% of community-dwelling older
adults [17]. In older adults with diabetes, sarcopenia prevalence in-
creases to 28.5%, with a threefold higher risk of sarcopenia compared
with non-diabetics [18,19]. Sarcopenia can lead to major clinical
morbidity and mortality due to weakness, poor balance, and difficulty
with daily tasks, a 1.6-fold increase in fall risk and a 1.7-1.8-fold in-
crease in fracture risk [20,21]. These effects can be devastating for older
adults, especially in cases of hip fracture. For instance, hip fractures in
older adults often lead to significant and permanent declines in physical
and psychological quality of life, with most patients never returning to
pre-fracture levels of independence [22].

There are additional considerations that make older adults a group of
significant interest for GLP-1-RA treatment. Notably, older adults are
more likely to have concurrent comorbidities that can complicate
treatment. Approximately 30% of older adults with diabetes have cor-
onary heart disease, twice the rate observed in non-diabetics [12]. Older
adults also have a high prevalence of hypertension (HTN), CVD, heart
failure, and CKD, many of which are emerging indications of GLP-1-RA
treatment [12,23]. In fact, early research shows GLP-1-RAs can provide
both cardiovascular and renal benefits, with studies estimating a 14%
reduction in major adverse cardiovascular events (MACE) and a 14%
reduction in kidney events [24,25]. This suggests multiple use cases for
GLP-1-RA in this population. However, due to the likelihood of having
multiple comorbidities, polypharmacy can be widespread in older
adults, with one study estimating that 46% of older adults with diabetes
have polypharmacy (defined as the use of > 5 medications) [26].
Importantly, polypharmacy is associated with increased adverse drug
events, hypoglycemia, drug-drug interactions, and reduced adherence
[26,27]. One study estimates that 55% of older adults with diabetes are
prescribed at least one potentially inappropriate medication [27]. As
GLP-1-RA’s potential downstream effects and polypharmacy’s negative
effects are not commonly discussed in the literature, such considerations
should be important to physicians balancing the benefits and risks of
GLP-1-RA treatment in older adults.

A recent meta-analysis of randomized controlled trials found that
GLP-1-RA therapy led to, on average, roughly 28% of total weight loss
being attributable to muscle-based indices [28]. While this suggests an
emerging pattern of GLP-1-RA-induced muscle loss, direct evidence in
older adults remains minimal, and the functional consequences of this
muscle loss (i.e. effects on strength, gait, falls, frailty, and independence)
are largely unknown in this population. Critically, the endpoints most
commonly reported in GLP-1-RA trials (i.e. total weight loss, change in
body mass index (BMI), single time-point lean mass estimation) are
insufficient to capture dimensions of performance which are most
relevant for older adults. For instance, BMI may misclassify body
composition in older adults due to age-related shifts in body fat and
muscle distribution, while total weight loss cannot distinguish between
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the loss of fat and lean mass [29]. Additionally, single time-point esti-
mations of lean mass do not capture the trajectories of muscle quality or
performance (e.g. strength, gait, frailty), which are the outcomes that
most directly determine functional independence and survival in older
populations [30,31]. This gap between the available evidence and
clinical needs of older adults serves as the rationale for the present re-
view and its performance-based framing.

2. Methods and aims

Despite the growing body of evidence on GLP-1-RAs and body
composition, significant gaps remain in the literature. Most existing
reviews are difficult to interpret due to the confounding effects of
different measurement methods and amalgamation of human and ani-
mal studies [32]. For instance, many studies use lean mass as a proxy for
muscle mass, making them difficult to compare with studies that esti-
mate muscle mass with other methods. Studies also differ in the dose
titration of the GLP-1-RA medication used, making it essential to analyze
this factor as a source of variability. Critically, older adults are severely
underrepresented in clinical trials of GLP-1-RAs. This underrepresenta-
tion currently limits the ability to make informed treatment decisions for
a population at high risk of sarcopenia and functional decline. There-
fore, the goal of this narrative review is to summarize the most recent
literature on GLP-1-RAs and muscle health in adult populations, with
particular attention to implications for older adults. By doing so, this
review aims to clarify the currently scattered evidence on the effects of
GLP-1-RAs on muscle, thereby providing provisional considerations for
maintaining muscle health during GLP-1-RA therapy, with particular
relevance to older adults.

As a narrative review, this work does not provide pooled estimates or
draw causal inference, but aims to identify patterns, gaps, and clinically
relevant signals within heterogeneous literature. A literature search was
conducted in January 2026 using PubMed and Google Scholar. The
search strategy combined three conceptual domains: 1) GLP-1-RA-
related terms (e.g. “GLP-1", “GLP-1 receptor agonist”, “semaglutide”,
“liraglutide”, “tirzepatide”), 2) muscle-related terms (e.g. “muscle
mass”, “muscle volume”, “muscle loss”, “skeletal muscle”), and 3)
contextual terms (e.g. “body composition”, “older adults”, and “sarco-
penia”). In order to maximize article retrieval, various combinations of
terms from each domain were used. For example, representative
PubMed search strings included (“GLP-1" OR “GLP-1 receptor agonist”
OR “semaglutide” OR “liraglutide” OR “tirzepatide”) AND (“muscle
mass” OR “muscle volume” OR “muscle loss” OR “skeletal muscle”) AND
(“body composition” OR “older adults” OR “sarcopenia”). The search
was not restricted by language. Reference lists of retrieved articles were
also hand-searched to identify additional studies. The authors screened
article titles and abstracts for relevance, followed by full-text review to
determine study eligibility.

Articles were included if they: 1) were published within the last
seven years (2020-2026), 2) reported at least one outcome in one or
more of the following four domains: (a) muscle quantity via estimation
of skeletal muscle mass or volume (i.e. BIA, MRT, CT, or administrative
diagnosis codes), (b) muscle composition or quality (i.e. intramuscular
fat content, muscle density or attenuation, or muscle quality indices), (c)
muscle strength or physical performance (i.e. handgrip strength, gait
speed, chair rise time, six-minute walk distance), or (d) acute mecha-
nistic responses to GLP-1 or GLP-1-RA exposure (i.e. muscle protein
synthesis, microvascular blood flow), and 3) were conducted in human
participants. Studies were excluded if they 1) were published before
2020, 2) were conducted in animal models, 3) only reported lean body
mass, and 4) did not report original data. By excluding animal studies
and studies using proxies for skeletal muscle mass (i.e. lean mass), this
review aims to minimize confounders and synthesize studies with direct
relevance to researchers and clinicians. We included human studies
reporting estimated or proxy measures of skeletal muscle quantity (e.g.
BIA, MRI/CT volumes, clinical diagnosis codes), muscle composition or
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density, muscle strength or performance (e.g. handgrip strength, six-
minute walk), and acute physiological responses to GLP-1 or GLP-1-
RA exposure in order to capture the full breadth of available evidence
on the effects of GLP-1 and GLP-1-RAs on skeletal muscle. Furthermore,
to our knowledge, this is the first review to separate studies of general
adults from older adults to allow for potential comparison.

3. Literature review
3.1. GLP-1-RAs and muscle in general populations

3.1.1. Decreased muscle mass (Bioelectrical impedance analysis)

Most studies used bioelectrical impedance analysis (BIA), a popular
yet indirect method of measuring body composition utilizing the resis-
tance from electrical current to estimate muscle mass [33]. While used
frequently, it creates an estimate of lean mass. Beginning with studies
using semaglutide, a retrospective observational cohort study by Chun
et al. [14], showed a 4.11 kg mean weight loss and 0.88 kg decrease in
skeletal muscle mass, suggesting that 21.4% of the weight lost was from
skeletal muscle. However, the study also noted that the proportion of
skeletal muscle mass relative to total mass actually increased [34].
Similarly, Xiang et al., 2023 (also a retrospective observational cohort
study) showed a mean weight loss of 9.9 kg and 4.8% decrease in
skeletal muscle mass [35]. Changes in handgrip strength were not sig-
nificant. In a prospective single-arm study, Volpe et al., 2022 examined
the effects of semaglutide in participants with T2DM, finding that
skeletal muscle mass decreased by 1.3 kg/m?, but changes in handgrip
strength or muscle quality were not significant [36]. A retrospective
observational cohort study by Ozeki et al., 2022 evaluated participants
with obesity and T2DM [37]. On average, participants lost 3.1 kg, their
BMI decreased by 1.2 kg/m?, and their skeletal muscle mass decreased
by 0.5 kg, suggesting that skeletal muscle mass accounted for 16.1% of
the weight lost. While the mass percentage of skeletal muscle increased
by 0.4%, this was only marginally significant (p = 0.06).

Several other studies used liraglutide. An uncontrolled pre-post study
by Anesto & Nicolau, 2024 assessed the impact of liraglutide on par-
ticipants without diabetes. Mean weight loss was 14.99 kg, of which
2.02 kg was muscle, accounting for 13.5% of weight loss [38]. In the
retrospective observational cohort study by Keskin & Yaprak, 2022,
participants with T2DM and obesity underwent treatment with either
liraglutide and metformin, or just metformin [39]. In the liraglutide and
metformin group, participants lost 11.4 kg of total body weight, lost
0.97 kg of muscle mass (8.5% of total weight lost), and had a 6.41 kg/m?
decrease in BMI. Meanwhile, in the metformin-only group, participants
lost 4.6 kg of total body weight, lost 2.05 kg of muscle mass (44.6% of
total weight lost), and had a 2.1 kg/m? decrease in BMI. Interestingly,
this study suggested that in comparison to metformin alone, liraglutide
increased weight loss while preserving muscle mass.

One prospective single-arm study by Yamaguchi et al., 2025 used
tirzepatide on participants with T2DM, showing that participants lost
4.9 kg of total body weight, of which 1.2 kg was from skeletal muscle
mass (24.5% of total weight loss) [40]. Taken together, these studies
demonstrate a consistent trend of skeletal muscle mass loss from
GLP-1-RA therapy, with their variability in outcomes potentially due to
differences in patient demographics (i.e. sex, age) and/or study design
(i.e. type of GLP-1-RA, length of treatment). Notably, the majority of
these studies were retrospective observational cohorts or prospective
single-arm studies without control groups, suggesting that the reported
within-group changes should be interpreted as observed associations
rather than causal treatment effects.

3.1.2. Decreased muscle volume (Other methods)

Studies that did not use BIA either used magnetic resonance imaging
(MRI), computed tomography (CT), or ICD codes to determine muscle
loss. A prospective single-arm study by Ditzenberger et al., 2025 used
MRI to analyze the psoas muscle in participants with HIV treated with
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semaglutide and observed a 9.3% decrease in psoas muscle volume and
mean weight loss of 7.8 kg [41]. However, psoas muscle fat, chair rise
time, and gait speed did not change significantly. A retrospective
observational cohort study by Nelson et al., 2024 examined muscle mass
with CT-based Al deep learning [42]. Participants underwent semaglu-
tide treatment and had a mean weight loss of 1.1 kg, with a 3.5 cm?
decrease in psoas muscle area. Additionally, muscle attenuation
decreased by 3.4 Hounsfield Units (HU), suggesting a decrease in muscle
density and/or quality. Finally, Butsch et al., 2025 (a retrospective
observational cohort study) used ICD codes to determine muscle loss in
participants who underwent GLP-1-RA treatment and found that 3% of
participants were diagnosed with muscle loss (based on use of “muscle
loss M62.5, M62.81-84" codes) within one year of starting GLP-1-RA
therapy [43]. While these three studies show a decrease in muscle vol-
ume, differences in measurement techniques make it difficult to draw
conclusions regarding outcomes, and the use of observational or
single-arm designs lacking control groups necessitate cautious inter-
pretation of within-group changes which may not represent causal
treatment effects. The studies observing muscle loss following GLP-1-RA
treatment are shown in Table 1 and summarized by subject de-
mographics, study methods, and outcomes.

3.1.3. No effect

Despite many of the above studies reporting loss of skeletal muscle
mass or volume after GLP-1-RA treatment, some studies did not find any
effect. A different prospective single-arm study by Volpe et al., 2022
assessed the impact of semaglutide on participants with T2DM using BIA
to evaluate skeletal muscle mass, observing that changes in skeletal
muscle mass, muscle quality, and handgrip strength were not significant
[44]. The retrospective observational cohort study by Wang et al., 2025
used either semaglutide, liraglutide, lixisenatide, beinaglutide, exena-
tide, dulaglutide, or PEG-loxenatide for 12 months. Skeletal muscle mass
was also assessed by BIA, but changes in skeletal muscle mass were not
significant [45]. Lastly, Uchiyama et al., 2023 (a retrospective obser-
vational cohort study) examined participants with T2DM on semaglu-
tide for 24 weeks, assessed skeletal muscle mass with BIA [46].
Participants had an average BMI decrease of 1.3 kg/m?, but changes in
skeletal muscle mass were not significant. These three studies illustrate
that GLP-1-RA treatment does not always result in the loss of skeletal
muscle mass, suggesting that other unmeasured variables (i.e. clinical
comorbidities, baseline physical activity levels, nutritional intake) may
influence outcomes.

3.1.4. Muscular benefits

Amidst studies reporting the loss or preservation of muscle mass
following GLP-1-RA treatment, some research suggests that GLP-1-RAs
lead to increased muscle quality due to decreased fat content or im-
provements in strength and/or endurance measures. A randomized,
open-label, parallel-group, phase 3 trial by Sattar et al., 2025 evaluated
the impact of tirzepatide or insulin degludec on muscle volume and fat
infiltration based on thigh muscle MRI measurements [47]. The tirze-
patide group showed decreased muscle fat infiltration but also decreased
muscle volume, with an average of 9.6 kg total body weight loss and
mean BMI decrease of 3.4 kg/m2. In comparison, the insulin degludec
group had increased muscle volume with no effect on muscle fat infil-
tration, a mean weight gain of 3.2 kg, and mean BMI increase of 1.1
kg/m?. Similar results are reported by the randomized, double-blind,
placebo-controlled trial by Pandey et al., 2024, which used liraglutide
vs. placebo to assess thigh muscle with MRI [48]. They found that the
liraglutide group lost 2.87% of muscle fat, but also lost 3.18% of muscle
volume. Additionally, the percentage of participants with “adverse
muscle composition” (defined as muscle with high fat content and low
volume) decreased from 11.0% to 8.2% in the liraglutide group. None of
these changes were observed in the placebo group. In a prospective,
single-arm study, Kakegawa et al., 2024 examined the impact of sem-
aglutide on participants with both T2DM and metabolic



Table 1

GLP-1 Therapy and Muscle Loss.

Authors, Year Study Type Participants Controls  Baseline Average % Male GLP-1-RA, Duration, and Type of Muscle Muscle Muscle Effects BMI/Weight
Frailty Age (Age Dosage Outcome
Status Range) Domains
Chun et al., Retrospective 308 participants N/A Not 46.6 14% semaglutide, three months, skeletal muscle Quantity skeletal muscle mass mean weight loss
2025 Observational from clinical reported (23-73) 0.25 mg administered assessed by decreased by 0.88 kg 4.11 kg
Cohort weight weekly and titrated to a InBody 570 but, proportion of
management maximum dosage of 2.4 mg skeletal muscle mass to
program total mass increased
Xiang et al., Retrospective 43 participants N/A Not 30.4 (Not 23% semaglutide, six months, skeletal muscle Quantity skeletal muscle mass mean weight loss
2023 Observational with obesity reported reported) 0.25 mg administered assessed by Strength/ decreased by 4.8% was 9.9 kg
Cohort weekly and titrated to a InBody S10 Performance changes in handgrip
maximum dosage of 1.0 mg strength were not
significant
Volpe et al., Prospective 48 participants N/A Not 57.7 54.2% semaglutide, 52 weeks, skeletal muscle Quantity skeletal muscle mass Not reported
2022 Single-Arm with T2DM reported (42-73) 0.25 mg administered assessed by SMF-  Composition/ decreased by 1.3 kg/m?
weekly and titrated to a BIA Quality changes in handgrip
maximum dosage of 1.0 mg Strength/ strength and muscle
Performance quality were not
significant
Ozeki et al., Retrospective 13 participants N/A Not 52.0 (Not Not semaglutide, three months, skeletal muscle Quantity skeletal muscle mass mean weight loss
2022 Observational with obesity and reported reported) reported dosage not reported assessed by decreased by 0.5 kg was 3.1 kg
Cohort T2DM InBody 770 but, skeletal muscle mean BMI decrease
mass percentage did not ~ was 1.2 kg/m?
change significantly (p
= 0.06), and actually
increased
Anesto & Uncontrolled 67 participants N/A Not 46.8 (Not 20.9% liraglutide, eight months, 3  skeletal muscle Quantity muscle mass decreased mean weight loss
Nicolau, Pre-Post Study without diabetes reported reported) mg assessed by by 2.02 kg was 14.99 kg
2024 Tanita BC- (13.04%)
420MA
Keskin & Retrospective 276 participants N/A Not 49.7 31.9% liraglutide and/or skeletal muscle Quantity liraglutide and mean weight loss
Yaprak, Observational with T2DM and reported (29-69) metformin, 12 weeks, 3 mg  assessed by metformin group lost was 11.4 kg in
2022 Cohort obesity liraglutide administered Tanita BC- 0.97 kg of muscle mass liraglutide and
daily and titrated to a 420MA metformin-only group metformin group
maximum dosage of 6 mg lost 2.05 kg of muscle mean BMI decrease
mass was 6.41 kg/m2 in
liraglutide and
metformin group
mean weight loss
was 4.6 kg in
metformin-only
group
mean BMI decrease
was 2.1 kg/m? in
metformin-only
group
Yamaguchi Prospective 16 participants N/A Not 54.3 81.2% tirzepatide, 12 weeks, 2.5 skeletal muscle Quantity skeletal muscle mass mean weight loss
et al., 2025 Single-Arm with T2DM reported (20-74) mg administered weekly assessed by decreased by 1.2 kg 4.9 kg
and titrated to a maximum InBody S19 (1.8%)
dosage of 5.0 mg
Ditzenberger Prospective 46 participants N/A Not 50 (Not 63% semaglutide, 24 weeks, psoas muscle Quantity psoas muscle volume mean weight loss
et al.,, 2025 Single-Arm with HIV and reported reported) 0.25 mg administered assessed by MRI Composition/ decreased by 9.3% 7.8 kg
MASLD weekly and titrated to a Quality psoas muscle fat, time to
maximum dosage of 1.0 mg Strength/ rise from chair, and gait
Performance speed did not change
Nelson et al., Retrospective 241 participants N/A Not 60.4 (Not 37.3% semaglutide, dosage not skeletal muscle Quantity muscle area decreased mean weight loss
2024 Observational with CT scan data reported reported) reported mass assessed by ~ Composition/ by 3.5 cm? was 1.1 kg
Cohort CT-based Al Quality muscle attenuation
deep learning decreased by 3.4 HU
Butsch et al., Retrospective 461,382 adults N/A Not 52.9 43.7% variable GLP-1-RA, one muscle loss Quantity 3% of participants Not reported
2025 Observational from Inovalon reported (18-89) year, variable dosage identified based diagnosed with muscle
Cohort Insights Claims on diagnosis loss within a year of
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dysfunction-associated steatotic liver disease (MASLD) [49]. Partici-
pants underwent MRI to measure psoas, paraspinal, and abdominal
muscles; skeletal muscle steatosis fraction decreased from 12.8 to 9.9,
indicating less fat content. Changes in skeletal muscle mass or mean
weight loss were not significant. Lastly, a randomized, double-blind,
placebo-controlled trial by Kosiborod et al., 2023 measured 6-minute
walk distance for participants receiving semaglutide vs. placebo, all of
whom had HFpEF [50]. The semaglutide group had a mean weight loss
of 13.3% and demonstrated a 21.5 m increase in 6-minute walk distance,
while the placebo group had a mean weight loss of 2.6% and demon-
strated a 1.2 m increase in 6-minute walk distance. Generally, these
studies demonstrate that muscle quality and muscle volume are separate
measurements that can be differentially impacted by GLP-1-RA treat-
ment, highlighting the need to assess muscle holistically. Among the
studies reporting muscular benefits, Sattar et al., 2025, Pandey et al.,
2024, and Kosiborod et al., 2023, include randomized comparator
groups, providing stronger evidence for between-group comparisons
and causal treatment effects. In comparison, the within-group changes
in Kakegawa et al., 2024 (a prospective single-arm study) should be
interpreted as observed associations, and are not comparable to
between-group changes. The studies observing preserved or improved
muscle following GLP-1-RA treatment are shown in Table 2.

3.2. GLP-1-RAs and muscle in older adults

The literature on the effect of GLP-1-RAs on muscle in older adults
(defined as adults aged >65) is much more scarce, and only four studies
met inclusion criteria for this review. One retrospective observational
cohort study by Ren et al., 2025 evaluated the effectiveness of sem-
aglutide for 24 months in participants aged >65 with T2DM (average
age of 72.6 years and 49.1% male), with one group receiving semaglu-
tide and another group as a control [51]. Skeletal muscle was assessed
with BIA. In the group receiving semaglutide, the mean decrease in BMI
was 2.79 kg/m? in males and 3.25 kg/m? in females. Muscle mass
decreased by 0.41 kg/m? in males (14.7% of total weight lost) and 0.31
kg/m? in females (9.5% of total weight lost). Handgrip strength
decreased (1.45 kg in males and 1.46 kg in females) in addition to gait
speed (0.05 m/s in males and 0.04 m/s in females). Another retro-
spective observational cohort study by Osaka et al., 2023 studied par-
ticipants aged >70 (average age of 76.8 years and 60% male) taking
either a GLP-1-RA and basal insulin, or just basal insulin [52]. Skeletal
muscle was assessed with BIA. Interestingly, skeletal muscle mass
increased by 0.78 kg in the group receiving GLP-1-RA and basal insulin,
while skeletal muscle mass changes were not significant in the group
receiving only basal insulin. Two similar acute experimental studies by
Abdulla et al., 2020 and Abdulla et al., 2023 evaluated the short-term
effects of GLP-1 infusions (3 h) on eight men aged >65 with an
average age of 71 [53,54]. In these studies, leg muscle microvascular
and macrovascular blood flow were measured with ultrasound. In
Abdulla et al., 2020, GLP-1 was found to increase muscle protein syn-
thesis by 0.044 percent/hour. In Abdulla et al., 2023, GLP-1 increased
muscle microvascular blood flow five-fold and also increased
whole-body glucose uptake by 5.4 mg/kg~'/180 min~!. The studies
observing impacts of GLP-1-RA treatment in older adults are shown in
Table 3.

3.3. Summary of findings

In order to facilitate interpretation across the heterogeneous evi-
dence base, the 21 included studies can be categorized by the muscle
outcome domains (quantity, quality/composition, strength/perfor-
mance, and acute mechanistic responses) that were assessed. Regarding
muscle quantity, most studies estimated muscle mass with BIA [34-40,
44-46,51,52], while some studies measured muscle volume with MRI or
CT [41,42,47-49]. One study (Butsch et al., 2025) used administrative
diagnosis codes as a proxy for muscle loss [43]. Studies assessing muscle
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quality/composition included Ditzenberger et al., 2025, Kakegawa
et al., 2024, Nelson et al., 2024, Pandey et al., 2024, Sattar et al., 2025,
and Volpe et al., 2022 (both studies) [36,41,42,44,47-49]. Studies
assessing muscle strength/performance included Ren et al., 2025, Volpe
et al., 2022 (both studies), and Xiang et al., 2023 [35,36,44,51]. One
study (Kosiborod et al., 2025) only assessed physical performance with
walking speed [50]. Lastly, the two studies by Abdulla et al., 2020 and
Abdulla et al., 2023 assessed acute mechanistic responses (i.e. muscle
protein synthesis, microvascular blood flow) to native GLP-1 infusion
[53,54], and therefore provide short-term physiological evidence of
native GLP-1 as opposed to long-term clinical evidence of GLP-1-RAs.
From this categorization, it is clear that most of the included studies
focused on muscle mass or volume, leaving evidence on muscle strength,
performance, composition, or mechanistic responses to be more sparse.

A consistent but heterogeneous pattern emerges across the 21 studies
evaluating GLP-1-RA therapy and skeletal muscle outcomes. Tables 1-3
summarize the characteristics of the 21 studies on GLP-1-RAs and
skeletal muscle effects, stratifying them thematically to highlight where
evidence is strong, mixed, and missing. Taken together, the literature on
GLP-1-RAs and impacts on skeletal muscle in the general population
suggests that muscle loss can account for a meaningful portion of total
weight loss from GLP-1-RA therapy, ranging from 8.5% to 24.5% for the
studies included in this review. In general populations, 12 studies re-
ported a loss of skeletal muscle mass and/or volume, while four studies
reported no change.

Results on measures of muscle strength and quality were less
conclusive, but generally suggested that changes in muscle strength
were not significant, while muscle quality (based on either intramus-
cular fat content and/or various measures of muscle strength or per-
formance) improved. However, these studies remain difficult to
standardize. While two studies found no changes in handgrip strength
and one study found no changes in chair rise time or gait speed [35,41,
44], these represent very different exercise parameters. And, while the
study by Kosiborod et al., 2023 saw an increase in 6-minute walk dis-
tance, this outcome may be due to weight loss and does not necessarily
indicate increased muscular strength [50]. The majority of studies
observed decreased intramuscular fat content, suggesting potentially
improved muscle quality and relatively greater density [47-49]. Still,
conflicting data exists. One study found that changes in muscle quality
(defined by calculating hand grip strength divided by skeletal muscle
mass) were not significant[44], and another reported that changes in
muscle fat content were not significant [41]. Interestingly, one study
even found a decrease in muscle density and/or increased fat content in
participants [42].

Of the 21 studies, only four studies specifically focused on the older
adult population aged >65. Furthermore, because two of these studies
were acute experiments only measuring short-term effects of GLP-1 (and
via infusion), they are difficult to compare with other studies assessing
long-term effects of injectable GLP-1-RA treatment through designs such
as observational cohorts, prospective single-arm studies, and random-
ized trials [53,54]. Hence, only two retrospective observational cohort
studies (Ren et al., 2025 and Osaka et al., 2023) remained available for
direct comparison of older adults vs. general populations, and even these
studies were heterogeneous in design [51,52]. The study by Ren et al.
observed that skeletal muscle mass decreased after GLP-1-RA treatment
in older adults, while the study by Osaka et al. found that skeletal muscle
mass increased only when a GLP-1-RA was taken with basal insulin,
making direct conclusions difficult. Therefore, there is no conclusive
evidence suggesting that GLP-1-RA treatment leads to unique effects in
older adults. Because the literature on the effects of GLP-1-RAs in older
adults is very scarce and potential side effects of sarcopenia can be
detrimental, more studies are needed for determining age-specific
risk-benefit assessments for older adults considering GLP-1-RA
treatment.

An important distinction should be drawn between absolute muscle
loss observed during GLP-1-RA-induced weight loss and clinically



Table 2
GLP-1 Therapy: Preserved or Improved Muscle Outcomes.
Authors, Study Type Participants Controls Baseline Average % GLP-1-RA, Duration, and Type of Muscle Muscle Muscle Effects BMI/Weight
Year Frailty Age (Age Male Dosage Outcome
Status Range) Domains
Volpe etal.,  Prospective Single- 40 participants N/A Not 64.9 (Not 52.5% semaglutide, 26 weeks, 0.25  skeletal muscle Quantity changes in skeletal Not reported
2022 Arm with T2DM reported reported) mg administered weekly assessed by SMF-  Composition/ muscle mass, muscle
and titrated to a maximum BIA Quality quality, and handgrip
dosage of 1.0 mg Strength/ strength were not
Performance significant
Wang et al.,  Retrospective 679 participants N/A Not 37 (Not 30.8%  variable GLP-1-RA, 12 skeletal muscle Quantity changes in skeletal Not reported
2025 Observational from an obesity reported reported) months, variable dosage assessed by muscle mass were not
Cohort and weight loss InBody significant
clinic
Uchiyama Retrospective 25 participants N/A Not 54.1 56% semaglutide, 24 weeks, 3 skeletal muscle Quantity changes in skeletal mean BMI
etal., Observational with T2DM reported (28-78) mg oral taken daily and assessed by BIA muscle mass were not decrease was 1.3
2023 Cohort titrated to a maximum (Tanita MC- significant kg/m?
dosage of 14 mg 780MA-N)
Sattar etal.,  Randomized, 172 participants 55 participants Not 56.0 (Not 59.8% tirzepatide or insulin thigh muscle Quantity tirzepatide group had mean weight loss
2025 Open-Label, with T2DM with T2DM reported reported) degludec, 52 weeks, with assessed by MRI Composition/ decreased muscle fat was 9.6 kg in
Parallel-Group, receiving receiving insulin tirzepatide 2.5 mg Quality infiltration and tirzepatide group
Phase 3 Trial tirzepatide degludec administered weekly and decreased muscle mean BMI
titrated to a maximum volume decrease was 3.4
dosage of 5.0 mg, 10 mg, or insulin degludec group ~ kg/m? in
15 mg had increased muscle tirzepatide group
volume, but no mean weight gain
significant effect on was 3.2 kg in
muscle fat infiltration insulin degludec
group
mean BMI
increase was 1.1
kg/m? in insulin
degludec group
Pandey Randomized, 73 participants 55 participants Not 49.7 (Not 7.8% liraglutide, 40 weeks, 0.6 thigh muscle Quantity liraglutide group had Not reported
etal., Double-Blind, with overweight with overweight reported reported) mg liraglutide administered  assessed by MRI Composition/ decreased muscle fat
2024 Placebo- or obesity or obesity daily and titrated to a Quality by 2.87%
Controlled Trial receiving receiving a maximum dosage of 3 mg liraglutide group had
liraglutide placebo reduced muscle
volume of 3.18%
liraglutide group
decreased proportion
of participants with
adverse muscle
composition (11.0% to
8.2%)
Kakegawa Prospective Single- 21 participants N/A Not 52 (Not 53.4%  semaglutide, six months, psoas, Quantity skeletal muscle mass mean weight loss
et al., Arm with MASLD and reported reported) 0.25 mg administered paraspinal, Composition/ steatosis fraction was not
2024 T2DM weekly and titrated to a abdominal wall Quality decreased from 12.8to  significant
maximum dosage of 1.0 mg  muscles assessed 9.9
by MRI changes in skeletal
muscle mass were not
significant
Kosiborod Randomized, 263 participants 266 participants Not 69 (Not 43.9%  semaglutide, 52 weeks, 0.25  6-minute walk Strength/ semaglutide grouphad ~ mean weight loss
et al., Double-Blind, with HFpEF with HFpEF reported reported) mg administered weekly distance Performance 21.5 m increase in 6- was 13.3% in
2023 Placebo- receiving receiving a and titrated to a maximum minute walk distance, semaglutide
Controlled Trial semaglutide placebo dosage of 2.4 mg while placebo had 1.2 group

m increase

mean weight loss
was 2.6% in
placebo group
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Table 3
GLP-1 Therapy in Older Adults: Limited and Heterogeneous Evidence.
Authors, Study Type Participants Controls Baseline Average % GLP-1-RA, Duration,  Type of Muscle Muscle Muscle Effects BMI/Weight
Year Frailty Status Age (Age Male and Dosage Outcome
Range) Domains
Ren et al., Retrospective 220 participants 212 controls 27.7% of 72.6 (Not 49.1%  semaglutide, 24 skeletal muscle Quantity semaglutide group had mean BMI
2025 Observational aged >65 with aged >65 with participants reported) months, variable assessed by Strength/ decreased muscle mass (0.31 decrease was
Cohort T2DM receiving T2DM had sarcopenia dosage bioelectric impedance  Performance kg/m? in females and 0.41 3.25 kg/m?
semaglutide analysis BCA-1C kg/m? in males) in females
semaglutide group had mean BMI
decreased handgrip strength decrease was
(1.46 kg in females and 1.45 2.79 kg/m?
kg in males) and gait speed in males
(0.04 m/s in females and 0.05
m/s in males)
Osaka Retrospective 10 participants 10 participants Not reported 76.8 (Not 60% either a variable skeletal muscle Quantity skeletal muscle mass Not reported
etal, Observational aged >70 aged >70 reported) GLP-1-RA and basal assessed by InBody increased by 0.78 kg in group
2023 Cohort receiving GLP-1- receiving basal insulin, or just basal 770 receiving GLP-1-RA and basal
RA and basal insulin insulin, variable insulin
insulin dosage skeletal muscle mass change
in the basal insulin group was
not significant
Abdulla Acute 8 men aged >65 Same Not reported 71 (65-75) 100% GLP-1 infusion, 3 h, leg muscle micro and Acute leg muscle protein synthesis Not reported
etal., Experiment participants, 1.2 pmol/kg !/ macrovascular blood Mechanistic increased by 0.044 percent/
2020 different min ! flow were assessed Responses hour
ocassion with ultrasound
Abdulla Acute 8 men aged >65 Same Not reported 71 (65-75) 100% GLP-1 infusion, 3 h, leg muscle micro and Acute leg muscle microvascular Not reported
etal., Experiment participants, 1.2 pmol/kg ™'/ macrovascular blood Mechanistic blood flow increased five-fold
2023 different min~? flow were assessed Responses whole-body glucose update
ocassion with ultrasound increased by 5.4 mg/kg ™'/

180 min !
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meaningful sarcopenia or functional decline. Weight loss from any
intervention (i.e. caloric restriction, bariatric surgery) is often accom-
panied by some degree of lean mass loss, which is a normal physiological
response and does not always reflect a pathological process [55]. The
definition of sarcopenia by the European Working Group on Sarcopenia
in Older People (EWGSOP2) describes a muscular disease primarily
characterized by low muscular strength, with low muscle quantity/-
quality providing evidence to support the diagnosis and poor physical
performance indicating severity [30]. By this definition, the muscle
mass reductions reported in most studies in this review do not neces-
sarily constitute sarcopenia, as they were often not accompanied by
clinically significant declines in strength or physical performance in the
studies assessing those outcomes. Only the study in older adults by Ren
et al.,, 2025, reported concurrent declines in muscle mass, handgrip
strength, and gait speed, which is more consistent with a trajectory to-
ward sarcopenia but insufficient on its own to conclude that GLP-1-RA
treatment in older adults increases sarcopenia risk [51]. Whether the
muscle loss often observed during GLP-1-RA therapy crosses the
threshold into clinically meaningful sarcopenia or functional decline
remains an unanswered question requiring longer-term studies with
validated functional endpoints.

Beyond potential changes in skeletal muscle mass and quality, GLP-
1-RA therapy should be interpreted through a performance-based
framework asking if and how therapy changes the trajectory of func-
tional aging. Among older adults, changes in muscle mass and quality
are most significant when they affect functional outcomes such as
strength, gait speed, balance, activities of daily living (ADLs), falls, re-
covery after injury, and independence [56]. Current definitions of sar-
copenia support this concept by focusing on low muscle strength as
opposed to mass, classifying sarcopenia as severe when reductions in
muscle mass or quality are accompanied by impaired physical perfor-
mance [30]. This framing aligns with the frailty phenotype involving
three or more of the following criteria: unintentional weight loss,
exhaustion, weakness, slow gait speed, and low physical activity [57].
Within this framework, muscle changes associated with GLP-1-RAs
should be studied as potential modifiers of physical functioning over
time, not simply changes in mass. It should be emphasized that the
potential effects of GLP-1-RA-associated muscle loss on falls, frailty,
resilience, and independence remain hypothesized and have not been
directly measured in the included studies. These functional conse-
quences are extrapolated from the broader geriatric literature on sar-
copenia and should be interpreted as theoretical, unlike the strictly
measured outcomes (muscle mass, volume, strength, and composition)
reported in the reviewed studies. While it is possible that GLP-1-RA
therapy could worsen physical functioning in susceptible older adults
who lose significant skeletal muscle mass, are inactive, and/or lack
adequate nutritional intake, therapy may also improve performance by
reducing adiposity and mechanical load from excess body fat. This un-
certainty necessitates that future longitudinal studies explore the impact
of GLP-1-RA on trajectories of physical functioning, resilience, and re-
covery. Existing longitudinal studies show that functional outcomes
such as grip strength and gait speed are clinically meaningful predictors
of healthy aging and survival, suggesting the value of their incorporation
into future longitudinal studies of GLP-1-RAs to assess performance
trajectories [30,31]. Modifiable lifestyle factors should also be consid-
ered, given that current studies in obese older adults show that the
combination of aerobic and resistance training during
non-GLP-1-RA-induced weight loss improves functional outcomes more
effectively than either modality alone [58]. Clinically, these findings
support a shift from focusing on muscle mass alone to evaluating how
GLP-1-RA therapy alters functional trajectories, particularly in older
adults at risk of sarcopenia and frailty.

3.4. Conceptual framework

The evidence synthesized in this review points toward a central
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construct that can be termed GLP-1-RA-associated body composition shift
as a trade-off relevant to performance. This construct postulates that GLP-
1-RA therapy redistributes body composition in ways that may reduce
overall adiposity while simultaneously decreasing muscle quantity, with
differential and sometimes opposing effects on muscle composition/
quality and physical strength/performance. We hypothesize that this
trade-off may be especially significant for older adults where even
modest reductions in muscle mass may accelerate trajectories toward
sarcopenia, frailty, and loss of independence, while reductions in
adiposity can improve mobility and cardiometabolic health. From an
operational perspective, this framework distinguishes three dimensions
that may shift together or apart during GLP-1-RA therapy: 1) muscle
quantity (mass or volume), 2) muscle quality (composition, density,
intramuscular fat content), and 3) physical performance (strength, gait
speed, endurance, balance, and ADLs). The reviewed evidence suggests
that during GLP-1-RA therapy in general adult populations, muscle
quantity often decreases, muscle quantity may improve (through
reduced intramuscular fat), and muscle strength is often preserved in the
short term, although these dimensions have rarely been assessed
simultaneously and almost never in older adults over clinically mean-
ingful time periods. This framework would be falsified or substantially
limited if carefully controlled longitudinal studies in older adults
demonstrated that lean mass reductions during GLP-1-RA therapy are
consistently accompanied by preserved or improved physical perfor-
mance, without an increase in sarcopenia risk, falls, frailty, or loss of
independence. Conversely, if longitudinal data showed that GLP-1-RA-
associated muscle loss in older adults is accompanied by declining
functional trajectories, even when muscle quality improves, this
framework would be strengthened.

It remains important to consider that the type and strength of evi-
dence supporting each dimension of this framework varies considerably.
Randomized trials with comparator groups (Kosiborod et al., 2023;
Pandey et al., 2024; Sattar et al., 2025) can support cautious statements
about treatment effects on muscle quality and functional endpoints [47,
48,50]. In contrast, single-arm prospective studies and observational
studies, which constitute the majority of the evidence base on
GLP-1-RAs and muscle, should be interpreted as demonstrating associ-
ations rather than causal treatment effects. The extrapolation from
measured outcomes (muscle quantity, quality/composition, and
strength/performance) to hypothesized effects on performance (frailty,
falls, and independence) remains speculative and requires direct testing
in future longitudinal studies of older adults.

3.5. Potential morbidity and mortality of sarcopenia in older adults

The functional implications of body composition changes due to
GLP-1-RA use in older adults are incompletely understood, but poten-
tially severe. Shorter clinical trials (<6 months) of GLP-1-RAs in general
adult populations frequently report preserved handgrip strength even
when lean mass is lost, while longer observational studies (>12 months)
in older adults with T2DM are more likely to suggest a decline in
strength [59]. This discrepancy may reflect the fact that shorter trials
(3-6 months) can less reliably appreciate the loss of skeletal muscle in
comparison to longer trials lasting 12-24 months. It is also possible that
improvements in muscle quality reported by some studies may offset the
initial reductions in muscle mass, although reductions in functional
capabilities may become more apparent as treatment progresses.

Older adults are at heightened risk for overall functional decline
resulting from decreases in strength while on GLP-1-RA therapy. This is
supported by the study from Ren et al., 2025, showing the long-term (24
month) effects of semaglutide in older adults with reductions in hand-
grip strength and gait speed [51]. Importantly, reductions in hand grip
strength are well-known to be strongly associated with increased
all-cause mortality, cardiovascular mortality, and morbidity across
multiple large prospective cohort studies [60-62]. Beyond mortality,
reduced grip strength further predicts functional decline,



K. Jagasia et al.

hospitalization, and overall disability. In one study, each 5 kg decrease
in grip strength was associated with increased odds of ADL limitations
ranging from 6% for toileting to 20% for eating [63]. In the oldest old
(>80 years), low grip strength independently predicts mortality, hos-
pitalization, and disability onset [64]. These results were obtained even
after adjusting for muscle mass, inflammatory markers, and comorbid-
ities. The critical implications of decreased grip strength while on
GLP-1-RA highlight the necessity for future studies to examine older
adult populations to validate the findings from Ren et al., 2025 [51].

Additionally, a recent review found no clear evidence that GLP-1-RA
therapy enhanced cardiorespiratory fitness [65]. These observations
make it seem less likely that the increase in 6-minute walk distance from
the Kosiborod et al., 2023 study was purely due to increased strength or
cardiovascular fitness, and could more likely be a result of reductions in
mechanical load from weight loss [50]. Because older adults are more
likely to experience difficulty performing ADLs independently, the
distinction between muscle mass and function while on GLP-1-RA
further mandates the need for more studies examining functional out-
comes (i.e. strength testing, gait speed, cardiorespiratory fitness) and
standardization of measurement, rather than relying solely on body
composition analysis.

3.6. Critical analysis of study heterogeneity and methodology

The substantial variability in reported muscle loss parameters across
studies may be attributed to several key methodological and population
differences. First, the method of assessing muscle mass or volume has
inherent limitations. Although BIA is widely available and provides
practical advantages including low cost, portability, and ease of
repeated measurements, it provides an estimate (not a direct measure-
ment) of muscle mass and results can be less reliable in individuals with
obesity due to excess intramuscular lipids and adipose tissue [66]. It is
also significantly influenced by hydration status, time of day, and recent
urination [67,68]. It should be noted that dual-energy X-ray absorpti-
ometry (DXA) remains the reference standard for body composition
assessment and sarcopenia diagnosis, offering superior accuracy for
estimating appendicular lean mass relative to BIA [30]. However, DXA is
often cost-prohibitive and inaccessible for routine longitudinal tracking
in outpatient weight-loss settings, while BIA provides a more pragmatic,
portable, and low-cost alternative for body composition assessments,
leading many studies to utilize BIA for these reasons [69]. Crucially,
studies comparing BIA and DXA show strong correlations (r =
0.94-0.97) for estimating appendicular skeletal muscle mass [69]. It is
important to note that BIA can systematically overestimate lean mass,
potentially leading to underdiagnosis of low muscle mass if DXA-derived
cutoffs are applied [70]. The predominance of BIA-based studies in this
review reflects the practical realities of clinical research in weight
management settings, although it remains important to note that
BIA-derived estimates may not be directly comparable to DXA-derived
values.

By contrast, MRI or CT directly measure muscle volume and can
assess metrics of muscle quality (i.e. muscle density, intramuscular fat)
which BIA cannot capture, leading to more reliable results at the expense
of cost burden and accessibility in some settings [66,71]. This may
partially explain why the studies in this review using BIA reported more
variable results on skeletal muscle mass loss and the degree of loss.
Specifically, three studies using BIA found no muscular effect of
GLP-1-RA therapy [44-46], one study found skeletal muscle accounted
for 8.5% of total weight loss [39], and another found skeletal muscle
accounted for 24.5% of total weight loss [40]. Studies using MRI or CT
more consistently reported a loss in skeletal muscle volume but are less
common potentially due to cost and accessibility [41,42]. The variation
in measurement complicates the ability to make direct comparisons
between studies, and standardization of skeletal muscle mass measure-
ment would greatly improve understanding of GLP-1-RA’s effects on
skeletal muscle.
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Another important source of heterogeneity is variation in GLP-1-RA
dosing across the included studies. As recommended by the American
Gastroenterological Association (AGA), standard dose titration sched-
ules call for subcutaneous semaglutide to be initiated at 0.25 mg weekly
and titrated every four weeks to a maximum dosage of 2.4 mg weekly for
obesity or 1.0-2.0 mg weekly for T2DM; subcutaneous liraglutide is
recommended to be initiated at 0.6 mg daily and titrated weekly to a
maximum dosage of 3.0 mg daily for obesity or 1.8 mg daily for T2DM;
and subcutaneous tirzepatide to be initiated at 2.5 mg weekly and
titrated every four weeks to a maximum dosage of 15 mg weekly [72,
73]. Importantly, clinical judgment is essential for adjusting the titration
schedule based on individual patient tolerance, given that some patients
may achieve strong responses at submaximal doses, allowing for the
long-term continuation of that dose [73].

Among the included studies, while all subcutaneous semaglutide
studies used standard titration schedules starting at 0.25 mg weekly, five
studies[35,36,41,44,49]. titrated to a maximum dose of 1.0 mg (rec-
ommended for T2DM), two studies [34,50]. titrated to a maximum dose
of 2.4 mg (recommended for obesity), and the rest did not report dosage
or had variable doses [37,42,51]. For subcutaneous liraglutide, one
study [48]. followed standard guidelines of 0.6 mg daily titrated to 3.0
mg, one study [38]. used a fixed dose of 3.0 mg daily (the maximum
obesity dose), while another study [39]. started from 3.0 mg daily and
exceeded the recommended maximum dose to reach 6.0 mg daily. For
the two studies using subcutaneous tirzepatide, both started with the
standard 2.5 mg weekly dose but one [40]. only titrated to 5.0 mg (well
below the standard maximum dose of 15.0 mg), and another [47]. had
variable maximum doses of 5.0 mg, 10.0 mg, or 15.0 mg. The remaining
studies used variable GLP-1-RAs or native GLP-1 infusion, which are not
comparable to standard GLP-1-RA pharmacotherapy [43,45,52-54].
These dosing differences may partly explain the heterogeneity in muscle
outcomes. A recent network meta-analysis found that GLP-1-RA regi-
mens with higher doses (e.g. semaglutide 2.4 mg, tirzepatide 15 mg)
achieved greater total weight loss but were the least effective in pre-
serving lean mass [74]. In the present review, the limited number of
studies and wide heterogeneity makes it difficult to observe whether
such patterns exist, although they remain important for consideration.
Notably, no age-specific dosing guidelines currently exist for GLP-1-RAs
in older adults, although the American Diabetes Association (ADA)
Standards of Care recommend slower titration and monitoring for
excessive weight loss and sarcopenia in this population [75]. Whether
lower maintenance doses could preserve muscle mass while still
achieving therapeutic benefit in older adults remains an important
question for future investigation.

Beyond dosing differences, variation in individual tolerance to GLP-
1-RA therapy represents an additional and underappreciated source of
variability. The most common adverse effects of GLP-1-RAs are gastro-
intestinal side effects (i.e. nausea, vomiting, diarrhea, constipation),
often occurring during initiation and dose escalation [76]. Indeed,
approximately 6-10% of patients in clinical trials of GLP-1-RAs
permanently discontinue therapy due to adverse effects [76], illus-
trating the importance of considering individual tolerance to GLP-1-RAs.
Critically, however, none of the included studies in this review sys-
tematically reported data on gastrointestinal tolerance, dose reductions
due to side effects, or the relationship between tolerance and muscle
outcomes. The absence of this data represents a significant limitation;
while speculative, these side effects may reduce caloric or protein
intake, potentially affecting muscle loss or leading to reductions in
dosage or treatment discontinuation. Future studies should aim to
directly test this hypothesis.

Importantly, baseline prevalence of sarcopenia or frailty was only
reported by one study [51]. The effects of GLP-1-RA treatment may
change across populations with different baseline levels of muscle mass,
making this an important consideration for comparisons across studies.
Because it is hypothesized that GLP-1-RA therapy may increase the risk
of sarcopenia, future studies should aim to collect such data in order to
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assess whether this premise holds true [15].

The presence or absence of T2DM among participants may also in-
fluence outcomes. A recent meta-analysis found that GLP-1-RAs induce
significant reductions in muscle mass among non-diabetic populations
(—1.41 kg; p < 0.001), but not among individuals with T2DM (—0.74 kg;
p =0.10) [77]. The reason for this effect is unknown, but potentially due
to a higher baseline muscle mass in non-diabetics, muscle-protective
effects (improved glycemic control and insulin sensitivity) in diabetic
populations, or both [77,78]. While there are no consistent differences
in outcomes between studies of participants with and without T2DM in
this review, this factor remains an important consideration when
interpreting GLP-1-RA trials.

Sex differences also warrant consideration. Older postmenopausal
women with declining estrogen levels experience fat redistribution
which increases the risk of obesity and T2DM [79], complicating
GLP-1-RA effects on obesity and body mass measurements. A recent
meta-analysis found that GLP-1-RA treatment showed greater weight
loss in women than men, with sex differences becoming more apparent
as more weight was lost [80]. While the outcomes of the studies in this
review did not clearly differentiate based on participant sex, it remains
an important factor for better understanding the heterogeneity of the
results. Importantly, none of the included studies that enrolled post-
menopausal women reported or controlled for the use of sex hormone
therapy (HT). A large cross-sectional study of postmenopausal women
found that prolonged HT use was associated with higher appendicular
lean mass and a lower prevalence of sarcopenia [81]. Therefore, HT
following menopause may provide a modest protective effect on muscle
mass. However, a systematic review of 43 studies found no consistent
evidence that HT benefits sarcopenia-related outcomes, noting a high
risk of bias among the included studies [82]. Based on a meta-analysis of
12 randomized trials, the overall effect of HT on lean body mass appears
to be small and not clinically significant for the average postmenopausal
woman [83]. However, because HT status was not reported in any of the
included studies, it remains unknown whether concurrent HT use may
have influenced the observed muscle outcomes in postmenopausal
participants in the context of GLP-1-RAs. Given its effect on muscle
mass, future studies examining GLP-1-RA effects on muscle in women
should account for menopausal status and HT use, as the lack of such
data may currently limit interpretation.

Lastly, baseline physical activity status and nutritional intake (both
important determinants of muscle preservation) were rarely reported in
the reviewed studies. Lean mass retention has been shown to be heavily
influenced by the amount of caloric restriction, rate of weight loss, and
presence or absence of structured resistance training [84]. Yet, obtain-
ing accurate measures of nutritional intake and physical activity can be
extremely challenging in study design. In the few cases where these
factors were reported in the included studies, the inconsistency in
measuring these variables represents a considerable limitation for
interpreting whether observed muscle loss may be an unavoidable
consequence of GLP-1-RA therapy, or whether it is largely shaped by
other lifestyle factors.

4. Clinical implications for practice, with particular relevance to
older adults

The observed association between GLP-1-RA therapy and decreased
skeletal muscle mass in several studies has important implications for
clinical practice, particularly for older adults. Older adults face unique
vulnerabilities, such as substantial risk for functional decline, falls and
fall-related complications, and loss of independence, all of which de-
mand attention to GLP-1-RA therapies in these populations [85]. Despite
these risks, existing literature suggests that adverse outcomes of
GLP-1-RA treatment among older adults may be mitigated with four key
strategies: monitoring muscle health, nutritional interventions, exercise
interventions, and adjunct pharmacotherapies. Critically, these strate-
gies should not be interpreted as prescriptive clinical protocols, but
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rather, provisional considerations that should be individualized for each
patient’s unique clinical context (i.e. renal function, nutritional status,
comorbidities, contraindications).

First, measuring and monitoring muscle health during GLP-1-RA
therapy can help identify potential declines and allow providers to
intervene early. Grip strength is traditionally the preferred standard to
measure muscle health in older adults, but because the studies in this
review rarely observed significant changes in grip strength during GLP-
1-RA therapy, other methods could also be considered [86]. Regular
evaluations of 6-minute walking distance and gait speed may be bene-
ficial in older adults at risk of frailty and falls, which the loss of skeletal
muscle mass could exacerbate [87-89]. While no studies have yet shown
that GLP-1-RA treatment directly increases sarcopenia risk in older
adults specifically, it remains a significant concern [90]. While DXA
remains the reference standard for body composition assessment in the
sarcopenia literature, routine DXA monitoring during GLP-1-RA therapy
has not been validated and may not be practical in most clinical settings.

A second strategy for preserving muscle health during treatment is
adequate nutrition. Consensus guidelines for older adults recommend
consuming at least 1.0-1.2 g of protein per kilogram of body weight
daily for healthy older adults [91,92]. However, in the specific context
of GLP-1-RA therapy for obesity, a recent joint advisory recommends
1.2-1.6 g of protein per kilogram body weight daily to preserve muscle
mass [55]. Protein source is another important consideration. Complete
proteins should be prioritized, and a recent study found that the dietary
requirement of leucine in older adults was roughly 78 mg/kg/day,
which is higher than most current recommendations [93]. Critically, this
leucine threshold is taken from the general nutrition and aging literature
and, to our knowledge, has not been studied specifically in the context of
GLP-1-RA therapy. Plant-based protein, dairy, lean poultry, seafood, and
eggs tend to be encouraged in comparison to red and processed meats
[55]. Older adults should also ensure adequate levels of vitamin D,
which is essential for maintaining high bone mineral density in a pop-
ulation at risk of osteoporosis and fractures, although this recommen-
dation is taken from the general nutrition and aging literature as
opposed to being specific for GLP-1-RA therapy [15]. Vitamin D de-
ficiencies are common worldwide, especially among older adults, and
may independently represent another risk factor for sarcopenia [94]. A
recent consensus statement recommends combining vitamin D supple-
mentation with calcium in order to reduce fracture risk in older adults
[95]. Some studies also suggest that omega-3 fatty acids (such as eico-
sapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) are benefi-
cial at reducing sarcopenia risk, supporting the potential use of fish oil
supplementation in older adults receiving GLP-1-RA therapy, although
these recommendations also come from the general literature and future
studies need to examine them in the context of GLP-1-RA therapy [15].

Third, exercise interventions are essential during treatment because
protein intake alone is not sufficient to preserve muscle mass without
resistance training [55]. An important consideration for starting an ex-
ercise regimen in patients receiving GLP-1-RA therapy is potential fa-
tigue during treatment (a commonly reported side effect) often resulting
from sedentary lifestyles, especially older adults. This may require
slowly building up over time to a goal of 60 to 90 min of resistance
training per week [14]. Incorporating aerobic exercise alongside resis-
tance training is also beneficial, but no studies to our knowledge have
examined the effects of exercise in the specific context of GLP-1-RA
therapy. Weight regain after the completion of GLP-1-RA treatment is
common, and continuing aerobic exercise and overall increased energy
expenditure may help mitigate this risk [14]. Among older adults, it is
essential that physical activity recommendations are patient-specific, as
this population can have widely different fitness levels and comorbid-
ities that influence their ability to exercise [15]. Some older adults may
not be able to attain standard exercise recommendations, which can
cause decreased motivation and reduced adherence. Therefore, incor-
porating short sessions of exercise and intermittent forms of physical
activity is a promising approach for older adults [96].
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Finally, adjunct pharmacotherapies may be considered in cases of
significant muscle loss unresponsive to lifestyle interventions, although
no such drugs are currently approved by the FDA for the treatment of
sarcopenia [97,98]. These pharmacological interventions must be used
with caution in older adults due to the potential of adverse side effects,
comorbidities and polypharmacy; few studies evaluate their clinical
efficacy specifically on older adults [99]. Investigational agents target-
ing muscle preservation are discussed in Section IV (“Future
Directions”).

Provisional considerations for preserving muscle health during GLP-
1-RA therapy are summarized in Fig. 1, and a proposed monitoring
framework is presented in Table 4. In this framework, three crucial
clinical domains that warrant careful monitoring for older adults
receiving GLP-1-RA treatment (muscle health and fall risk; nutritional
status; functional capacity) are highlighted. Clinicians can reference the
guidelines in this framework to perform baseline assessments, monitor
status during GLP-1-RA therapy, and remain vigilant for potential red
flags (see Table 4). These recommendations were not directly tested in
the studies included in this review, and are instead derived from indirect
evidence and general principles of sarcopenia prevention. Therefore,
they should be regarded as hypothesis-generating rather than prescrip-
tive clinical guidance. The individual medical context of each patient (i.
e. renal function, nutritional status, comorbidities, contraindications)
should always be considered when applying these suggestions. The
specific thresholds and recommendations cited in Table 4 are drawn
from the referenced literature in the table and are intended to serve as
starting points for clinical decision-making as opposed to strict
protocols.

Fig. 1 Caption: Provisional considerations for preserving muscle
health during GLP-1-RA therapy, with particular relevance to older
adults. Monitoring and assessing muscle mass and/or function, nutri-
tional optimization, and exercise integration may be considered, while
adjunct pharmacotherapies remain investigational. A legend indicates
where evidence for muscle-preserving strategies is strong and where it is
weak or mixed. These considerations are provisional and performance-
based, grounded primarily in indirect evidence from the literature on
frailty, sarcopenia, nutrition, and general aging, as opposed to being
derived from the GLP-1-RA trials themselves. They should not be
interpreted as ready-to-implement clinical guidelines.
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5. Future directions

While the available evidence suggests that GLP-1-RA therapy is
frequently associated with some degree of skeletal muscle mass loss in
general populations, studies specifically examining older adults are
minimal, and the current evidence base is drawn predominantly from
general adult populations. Specifically, age-specific guidelines on GLP-
1-RA dosing, nutritional intake, and exercise habits during therapy
would greatly aid clinicians prescribing GLP-1-RAs for older adults.
Further, given that higher GLP-1-RA doses are associated with greater
lean mass loss [74], future studies should investigate whether modified
dose titration schedules or lower maintenance doses in older adults can
balance therapeutic efficiency with muscle preservation. More studies
examining functional outcomes (i.e. grip strength, gait speed) are
especially important given the risk of falls and frailty in older adults.
Furthermore, more longitudinal evidence is needed to determine the
impact of GLP-1-RA therapy on performance-based trajectories of aging,
such as physical function, resilience, and recovery. Future reviews on
GLP-1-RAs and skeletal muscle should aim to stratify studies by meth-
odological characteristics to minimize confounders. Alternatively,
future studies can stratify by population characteristics, such as the
presence or absence of T2DM and gender balance. Standardized muscle
assessment methodologies are needed to allow for direct comparison
between studies, given that results from BIA may not be comparable to
results from MRI, CT, or DXA. The extent to which GLP-1-RA treatment
may increase the risk of sarcopenia in older adults remains unknown.

Importantly, future studies can help determine whether nutritional
and exercise interventions can preserve muscle mass in older adults
receiving GLP-1-RAs, or if other strategies (i.e. adjunct pharmacother-
apies) are needed. Several investigational pharmacological approaches
may eventually complement lifestyle interventions for muscle preser-
vation during GLP-1-RA therapy, although none are currently approved
for this indication and none were examined in the studies included in
this review. Notably, antimyostatins such as bimagrumab, land-
ogrozumab, apitegromab, and taldefgrobep are an investigational class
of drugs that function by blocking myostatin and other negative growth
regulators of muscle. Early-phase trials suggest that these agents may
preserve lean mass during GLP-1-RA-induced weight loss. For instance,
results from the COURAGE trial suggest that the addition of the

Older Adult Initiating
GLP-1-RA Therapy

Protein (1.2-1.6 g/kg/day):
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leucine/day

,—,

=
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Fig. 1. Provisional Multimodal Strategy for Preserving Muscle Health During GLP-1-RA Therapy in Older Adults.
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Table 4
Proposed Monitoring Framework for Muscle Health During GLP-1 Therapy:
Provisional Considerations Based on Indirect Evidence*.

Clinical Baseline Monitoring Red Flags References
Domain Assessment During
Therapy
Muscle - fall history - fall diary - new - Marassi &
Health - SARC-F - repeat SARC- difficulty Fadini, 2026
and Fall questionnaire  F with ADLs - Prokopidis,
Risk [59, questionnaire 2026
100] each visit
Nutritional - body weight - weight - weight loss - LeRoith
Status - dietary trajectory >2% per etal., 2019
[12,55] protein - protein month -
intake intake logs - protein Mozaffarian
- Vitamin D - micronutrient intake et al., 2025
levels every 6 consistently
months <0.8 g/kg/
day
- Vitamin D
deficiency
Functional - handgrip - repeat HGS - large -Adametal.,
Capacity strength every 3-6 decline in 2023
[30,101, (HGS) months HGS, - Artaud
102] - gait speed - repeat gait HGS<16 kg etal., 2015
- ADL speed every in women, or - Cruz-
assessment 3-6 months HGS<27 kg Jentoft et al.,
in men** 2019
- gait speed
decline >0.1
m/sin 12
months***
- new ADL
dependence
Footnotes:.

* All thresholds and monitoring intervals in this table are provisional and
performance-based, being adapted from the broader geriatric and sarcopenia
literature cited in the References column and have not been validated specif-
ically in the context of GLP-1-RA therapy. They are intended as provisional
starting points for clinical decision-making, not as prescriptive protocols.

" Handgrip strength cutoffs are based on the ENGSOP2 consensus definition
of sarcopenia.*® Alternative cutoffs have been proposed by the Sarcopenia
Definitions and Outcomes Consortium (<20 kg in women, <35 kg in men)
[103]. However, .all of these thresholds are derived from the general sarcopenia
literature and have not been validated specifically in the context of GLP-1-RAs.

" The threshold for gait speed is adapted from the geriatric literature on gait
speed decline as a predictor of disability and falls and has not been derived from
GLP-1-RA studies.

antimyostatin trevogrumab to semaglutide preserved 50-51% of lean
mass compared with semaglutide alone [1]. However, these agents
remain investigational, and larger and longer trials in the context of
GLP-1-RA associated muscle loss are necessary to confirm efficacy and
safety before they can be recommended for clinical use. Studies may also
investigate combination therapy of GLP-1-RAs and muscle-preserving
pharmacotherapies.

6. Conclusion

This narrative review primarily synthesizes evidence from general
adult populations, as direct evidence on GLP-1-RA effects on skeletal
muscle in older adults remains extremely limited, with only four of the
21 included studies specifically examining adults aged >65. The avail-
able evidence summarized in this narrative review suggests that GLP-1-
RA therapy can be accompanied by skeletal muscle loss in some con-
texts, although findings may vary by population characteristics, drug
and dosing, treatment duration, and measurement method, with several
studies reporting preserved strength and muscle mass or improvements
in muscle quality. Evidence for older adults specifically remains
extremely limited, and the findings of this review are drawn predomi-
nantly from general adult populations with implications extrapolated to
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older adults. While the available data do not conclusively show which
unique muscular effects of GLP-1-RAs exist in older adults, they indicate
a pattern of potentially increased vulnerability to sarcopenia and frailty
in this population. Due to a high baseline risk of sarcopenia, even modest
muscle loss may carry greater functional consequences in older
populations.

Given these findings, the widespread and expanding use of GLP-1-
RAs suggests that clinicians should be aware of their effects on skel-
etal muscle mass and exercise caution in prescribing these medications
for older adults. Clinicians should be proactive with patients to mitigate
potential adverse outcomes by monitoring muscle health, recommend-
ing aerobic and resistance exercise training, and ensuring adequate
protein and micronutrient intake. Ultimately, recognizing muscle health
as a therapeutic priority is an important step toward safe and holistic
patient care during GLP-1-RA treatment.
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