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Recent literature shows that GLP-1 receptor agonists are highly effective for
weight loss and improving metabolic and cardiovascular health, often surpassing
the results of lifestyle interventions alone, such as exercise and diet modification.
However, long-term weight maintenance is more successful when exercise is
included, as stopping GLP-1 therapy alone often leads to weight regain, while
exercise helps preserve muscle mass and sustain weight loss. Combining GLP-1
receptor agonists with structured lifestyle changes, especially increased protein
intake and strength training, can mitigate muscle loss and enhance overall
outcomes. As a result, future obesity management is likely to prioritize
integrated approaches that combine pharmacotherapy with lifestyle
interventions, rather than replacing lifestyle changes with medication alone.
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1 Introduction

The advent of incretin-based therapies, including glucagon-like peptide-1 receptor
agonists (GLP-1RAs) and their combinations, as pharmacological treatments for obesity
and type 2 diabetes, has sparked intense debate about their role relative to traditional
lifestyle interventions such as exercise and dietary modification. GLP-1 receptor agonists
mimic the endogenous incretin hormone GLP-1, exerting multiple physiological effects that
contribute to metabolic improvement. They enhance glucose-dependent insulin secretion,
suppress glucagon release, slow gastric emptying, and reduce appetite via central
hypothalamic pathways, leading to lower energy intake and improved glycemic control.
These combined mechanisms underpin their efficacy for both weight reduction and
cardiometabolic protection (1, 2). GLP-1RAs, including liraglutide and semaglutide, can
induce substantial weight loss (often 10-15% or more), improve cardiometabolic risk
factors, including histological damage associated with metabolic dysfunction-associated
steatohepatitis (MASH) (3), and reduce major adverse cardiovascular events in both
diabetic and non-diabetic populations (1, 4-12).

In recent years, the remarkable efficacy of tirzepatide, a dual GIP/GLP-1 receptor
agonist, has emerged (13). While the precise mechanisms of GIP remain incompletely
understood in humans, it contributes to energy balance not only by enhancing glucose-
dependent insulin secretion but also by modulating adipose tissue metabolism, appetite,
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and energy expenditure (14). The recent phase 2 trial of tirzepatide
in patients with MASH provides support for the therapeutic
potential of GIP—pathway modulation in cardiometabolic disease
and demonstrates how GIP signaling, when co—targeted with GLP-
1RA, may contribute to weight loss, improved metabolic outcomes,
and possibly cardiovascular protection (15).

However, these benefits are accompanied by concerns about
side effects, cost, long-term sustainability and, above all, the loss of
lean mass, which may be mitigated by concurrent exercise (16-20).

Exercise and lifestyle interventions remain foundational for
obesity and metabolic disease management, offering broad health
benefits, but are often limited by adherence and modest long-term
weight loss (11, 16, 18).

Recent randomized controlled trials and meta-analyses suggest
that combining GLP-1RAs with exercise may yield additive or
synergistic effects on weight loss and metabolic syndrome severity
as well as on oxidative stress and inflammation. Moreover, exercise
may help maintain weight loss after cessation of pharmacotherapy
(16, 17, 19, 21).

The response to these pharmacological treatments is
characterized by distinct phases: an initial period of marked weight
loss followed by a gradual slowing until a plateau is reached. Some
patients may subsequently discontinue therapy due to adverse effects
or evolving therapeutic needs. The post-discontinuation phase
remains the least investigated, although extension studies
consistently show that weight regain occurs rapidly, with patients
regaining up to two-thirds of the lost weight within one year after
withdrawal (22). Within this dynamic trajectory, structured exercise
interventions may play a pivotal role in sustaining weight loss,
enhancing metabolic control, and potentially attenuating weight
regain after drug discontinuation.

As the field evolves, questions remain about whether the future of
obesity and diabetes management will prioritize pharmacotherapy,
lifestyle, or a hybrid approach, especially given the challenges of long-
term adherence and the broader health impacts of lifestyle change
(11, 18, 20, 21).

This narrative review synthesizes current evidence on GLP-1RAs,
including both conventional single-agent therapies and dual GIP/
GLP-1 receptor agonists, versus exercise, their combined effects, and
the implications for future clinical and public health priorities.

2 Search strategy and inclusion
criteria

This mini-review was based on a targeted literature search
conducted in PubMed/MEDLINE and Scopus from January 2015

Abbreviations: AgRP, agouti-related protein; Akt, protein kinase B; AMPK5’
adenosine monophosphate-activated protein kinase; CREB, cAMP response
element-binding protein; BDNF, brain-derived neutrophic factors; FGF21,
fibroblast Growth Factor 21; GLP-1RAs, glucagon-like peptide-1 receptor
agonists; HIIE, high-intensity interval exercise; IL-6, interleukin 6; GI, gastro-
intestinal; MRI, magnetic resonance imaging; PKA, protein Kinase A; pAkt,

phosphorylated Akt; TMS, transcranial magnetic stimulation.
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to August 2025, using the keywords “GLP-1 receptor agonists,”
type 2 diabetes,” and
“weight loss.” Additional terms (“lean mass,” “body composition,”

» «

obesity,

» o«

“exercise,” “physical activity,

“insulin sensitivity,” “cardiometabolic,” “combined intervention”)
were used in secondary searches.

We included peer-reviewed randomized controlled trials, meta-
analyses, and high-quality narrative or systematic reviews written in
English that evaluated the effects of GLP-1 receptor agonists
(liraglutide, semaglutide, or related analogues), as well as dual
GIP/GLP-1 receptor agonists (such as tirzepatide), exercise
training, or their combination on weight loss, body composition,
metabolic, or cardiovascular outcomes in adults with obesity or type
2 diabetes.

Preclinical and mechanistic studies were included selectively
when they provided mechanistic insights (e.g., muscle metabolism,
neural or hormonal pathways). Grey literature, conference
abstracts, and non-peer-reviewed sources were excluded.

The emphasis was on recent and clinically relevant evidence,
particularly phase III trials and contemporary meta-analyses that
inform translational and hybrid lifestyle-pharmacologic approaches.

3 GLP-1 agonists and lifestyle
interventions: efficacy, benefits, and
limitations for weight control and
metabolic health

GLP-1RAs consistently demonstrate significant weight loss
(mean reductions of 7-9 kg of body weight over a period of
about a year) and improvements in BMI, waist circumference,
blood pressure, and lipid profiles in both diabetic and non-
diabetic populations (5-7, 10, 23). Cardiovascular outcome trials
confirm reductions in major adverse cardiovascular events, and
emerging evidence suggests benefits for renal function and
inflammation (8, 24-29). However, gastrointestinal side effects
and loss of lean mass are notable concerns (5, 10, 17, 18).

Lifestyle interventions, including exercise and dietary
modification, remain the cornerstone of obesity and diabetes
management, with proven benefits for weight loss, glycemic
control, cardiovascular health, and quality of life (11, 16, 18, 30).
However, long-term adherence is challenging, and weight loss is
often modest and difficult to sustain due to physiological (11, 16, 18,
19). Exercise, particularly resistance training, is crucial for
preserving lean mass and functional health, especially during
weight loss (11, 17, 18).

3.1 GLP-1 agonists and exercise:
comparative and combined effects

Direct comparisons reveal that GLP-1RAs generally produce
greater short-term weight loss than exercise alone, but exercise is
superior for maintaining lean mass and cardiorespiratory fitness
(16, 17, 19).
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Recent randomized controlled trials show that combining GLP-
1RAs with exercise yields additive benefits, including greater
reductions in metabolic syndrome severity, abdominal obesity,
oxidative stress and inflammation, and improved weight loss
maintenance after cessation of pharmacotherapy (16, 17, 19, 21).

Interestingly, recent evidence highlights the interconnection
between exercise-induced interleukin-6 (IL-6) secretion and GLP-
1RAs. IL-6 release from skeletal muscle has been shown to influence
gastric emptying. During physical activity, elevated IL-6 levels can
slow gastric motility, contributing to enhanced postprandial satiety
and improved glycemic control. This mechanism reflects, in part,
the effects of GLP-1RAs, suggesting a convergent pathway through
which both exercise and pharmacological therapy modulate
gastrointestinal function and metabolic homeostasis.

Hybrid care models integrating pharmacotherapy with lifestyle
support show promise for sustainable outcomes (20, 21).

3.2 Divergent muscle outcomes in weight
loss interventions?

Weight loss interventions based on GLP-1RAs or structured
exercise programs both improve share metabolic health, yet their
effects on skeletal muscle appear to diverge.

Exercise, particularly when combining aerobic and resistance
modalities, exerts well-established benefits on muscle mass,
strength, and function (31). These adaptations are mediated by
increased mitochondrial biogenesis, enhanced insulin sensitivity,
stimulation of anabolic pathways, and the release of myokines such
as irisin, apelin, and IL-6, which promote muscle remodeling and
systemic metabolic improvements (32).

Preservation of lean mass during weight reduction is crucial, as
skeletal muscle is a primary determinant of basal metabolic rate and
glucose disposal. Notably, the Physical Activity Working Group of
European Association for the Study of Obesity have recently
highlighted that resistance training, rather aerobic exercise,
attenuates lean body mass loss during weight-loss diets in adults
with overweight or obesity (33). Several systemic reviews have
confirmed that resistance exercise effectively counteracts potential
adverse effects of weight loss by reducing lean mass loss and the
associated risk of sarcopenia and frailty (34).

Clinical studies using DEXA show that GLP-1-based weight loss
is accompanied by some loss of lean mass, but fat loss predominates.
In STEP-1 (semaglutide), lean mass decreased by ~9.7% while fat
mass fell by ~19.3%, with the proportion of lean mass increasing by
~3 percentage points (35). In SURMOUNT-1 (tirzepatide), about
~25% of the total weight lost was lean mass and ~75% was fat mass
over 72 weeks (36). Real-world liraglutide cohorts report ~22% of
total weight loss as lean mass, with an increase in lean-mass
percentage (37). Collectively, reviews place the proportion of lean
mass in total weight loss at ~15% to 40% (or higher in select settings),
reflecting differences in drug, dose, baseline composition, and
duration. Regardless of these variations, a central question
remains: is the muscle loss associated with GLP-1RAs therapy an
adaptive or maladaptive response? (38, 39).
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Limited preclinical and clinical data, particularly from MRI-
based studies, suggest that skeletal muscle changes induced by GLP-
1RAs may be adaptive. Muscle loss appears proportional to aging,
disease condition and the degree of weight loss achieved. Emerging
research also indicates that GLP-1RAs can directly influence
skeletal muscle function. Both liraglutide and semaglutide have
been shown to reduce obesity-induced muscle atrophy via a GLP-1/
Sirtuin (SIRT1) pathway in rodents (40). Moreover, in obese mice
model, semaglutide treatment, despite reducing lean mass,
improved skeletal muscle oxidative phosphorylation (OXPHOS)
efficiency (41) and ameliorated mitochondrial morphology
reducing swelling (42). It is important to emphasize that these
findings are very limited and presented in animal and in
vitro models.

In summary, GLP-1RAs provide substantial weight loss and
cardiometabolic benefits but may compromise skeletal muscle
integrity, whereas exercise supports muscle maintenance and
functional health, though its effect on weight reduction is
typically modest compared with pharmacotherapy. A combined
approach, where exercise mitigates lean mass loss while GLP-1RAs
enhance the magnitude of weight reduction, may represent the most
effective therapeutic strategy.

3.3 Common neural targets for obesity
treatment

Emerging evidence suggests that both GLP-1RAs and physical
exercise converge on common neural pathways, influencing brain
regions involved in appetite regulation, energy balance, and
cognitive function. Exercise induces the release of myokines, such
as apelin and irisin, alongside increased levels of BDNF (43, 44).
These mediators contribute to central appetite control and neuronal
plasticity, while FGF21, especially stimulated by resistance exercise,
further modulates hypothalamic circuits and promotes the
browning of white adipose tissue, enhancing thermogenesis (45).

GLP-1RAs act on overlapping hypothalamic circuits, reducing
appetite and improving energy balance and have been shown to
promote browning of white adipose tissue, contributing to
increased energy expenditure. McMorrow HE et al. using in vivo
fiber photometry demonstrated that both GIP and GLP-1 analogs at
pharmacologic doses inhibited AgRP neurons in proportion to their
anorexigenic action. Notably, dual GIP and GLP-1 receptor agonists
produced more potently inhibited AgRP neurons and suppressed
food intake than either agonist alone (46). Additional evidence has
indicated that GLP-1RAs elevated circulating irisin levels and
BDNF (47, 48). As demonstrated by Feetham CH et al., acute
activation of BDNF neurons in the medial nucleus of the tractus
solitarius reduces food intake and promotes fatty acid oxidation,
potentially contributing to sustained weight loss (49).

In line with these finding, Lai S et al. compared the impact of
single versus combined treatment with high-intensity interval
exercise (HIIE) and GLP-1RA semaglutide on cognitive
dysfunction in obese diabetic mice (50). Following eight weeks,
both interventions induced significant weight loss and improved
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glycemic control. Behavioral tests further revealed that semaglutide
and HIIE individually enhanced memory and ameliorated
depression-like behavior, whereas their combination did not
boost cognitive improvements. Mechanistic experiment suggested
that both semaglutide and HIIE act through PKA and AMPK
signaling pathways, potentially leading to antagonism in
regulating BDNF and probably explaining the absence of additive
cognitive effects. Similarly, Fontanella RA et al. demonstrated that
in neuronal cells that tirzepatide activates Akt/CREB/BDNF
pathway and the downstream signaling cascade counteracting
hyperglycemia and insulin resistance-related damage at the
neuronal level (51). Beyond pharmacological and exercise-bases
interventions, novel approaches such as transcranial magnetic
stimulation (TMS), have been shown to modulate neuronal
activity within circuits regulating feeding behavior and satiety (52).

Altogether, these converging findings highlight the hybrid
potential of exercise, GLP-1-based therapies, and neuromodulation
to optimize weight management, cognitive function, and metabolic
health. Nevertheless, these represent only the first pieces of evidence,
and numerous aspects, including the durability of effects, the
interplay between signaling pathways, and the potential for
synergistic or antagonistic interactions, remain to be clarified by
future studies.

3.4 Physical activity recommendations in
patients with obesity on GLP-1RAs

Patients receiving GLP-1RAs experience significant weight loss
but are also at increased risk of lean body mass and bone density
loss. Evidence indicates that structured physical activity,
particularly resistance training, can mitigate these effects and
optimize long-term metabolic outcomes (53-55). A practical,
three-step approach - adapted from current World Health
Organization (56), American College of Sports Medicine (57),
American Diabetes Association (58), and European Association
for the Study of Obesity (59) guidelines - is recommended: (1)
introduce regular movement gradually, targeting 150 minutes of
moderate-intensity or 75 minutes of vigorous aerobic activity per
week (60); (2) incorporate resistance training for 60-90 minutes
weekly, using accessible methods such as resistance bands, weights,
or bodyweight exercises (55, 60, 61); and (3) sustain long-term

10.3389/fcdhc.2025.1720794

engagement with 30-60 minutes of daily aerobic activity alongside
resistance training 2-3 times weekly (61) (Table 1). Exercise
prescriptions should be individualized and progressively adjusted
according to age, comorbidities, baseline fitness, and tolerance to
weight loss, with attention to injury prevention and recovery.
Functional assessments (e.g., grip strength, 6-minute walk test)
can help monitor progress. Integrating these exercise strategies with
nutritional support is essential to preserve muscle mass, reduce
fatigue, and maximize the benefits of GLP-1RA therapy (62).

4 Discussion

Current evidence strongly supports the efficacy of GLP-1
receptor agonists for inducing substantial weight loss, improving
metabolic control, and reducing cardiovascular risk - often
surpassing the short-term effects of exercise alone (4-10, 23).
However, these pharmacologic benefits are tempered by
important trade-offs, including gastrointestinal side effects,
treatment cost, and loss of lean mass, which may have long-term
functional implications if not counteracted by concurrent resistance
exercise (17-19). In fact, GLP-1RAs reduce appetite and gastric
emptying — mechanisms that, while beneficial for weight loss, may
also limit protein intake and nutrient absorption necessary for
muscle preservation.

Exercise and lifestyle interventions, while generally less potent
for weight loss, provide unique and irreplaceable health benefits —
preserving skeletal muscle, improving cardiorespiratory fitness,
enhancing psychological well-being, and lowering chronic disease
risk (11, 16, 18, 19). Recent trials indicate that combining GLP-
1RAs with structured exercise programs yields additive or even
synergistic effects — enhancing weight loss, preserving muscle mass,
and supporting long-term metabolic stability (16, 19, 21).

Hybrid care models that integrate pharmacotherapy with
behavioral support are emerging as the most promising
framework for sustainable obesity and diabetes management (20,
21). Yet, enthusiasm for GLP-1RAs should not eclipse the
foundational role of lifestyle modification, which remains
essential for holistic health and may mitigate some
pharmacotherapy risks (11, 18, 20).

Persistent challenges include the high cost and limited
accessibility of GLP-1RAs, variable long-term adherence, and a

TABLE 1 Physical activity recommendations in people with obesity on GLP-1RAs.

Type of activity

Frequency & duration

Goal/benefit

1. Gradual Movement Brisk walking, light aerobic activity

Start with 10 min/day — build to 150 min/wk
(moderate) or 75 min/wk (vigorous)

Improves aerobic fitness, reduces fatigue

Bands, weights, or bodyweight
2. Resistance Training ands ‘(N&g ts lor o )ywelg
squats, lunges

2-3 sessions/wk, 20-30 min each
(total 60-90 min/wk)

Preserves lean body mass, bone density,
muscle strength

3. Maintenance Combined aerobic + resistance training

Additional focus Balance and mobility

Frontiers in Clinical Diabetes and Healthcare

30-60 min aerobic daily + 2-3 resistance
sessions/wk

Integrated into weekly routine, especially
for older adults

04

Optimizes long-term weight control,
metabolic health, and function

Prevents sarcopenia and reduces fall risk
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lack of long-term data on sustainability, relapse rates, and overall
health outcomes. Furthermore, direct comparisons of GLP-1RAs
and exercise in diverse populations are scarce, and evidence on
optimal sequencing, duration, and integration of hybrid
interventions remains limited (1, 18).

Beyond physiological adaptations, treatment adherence and
long-term success largely depend on motivation, self-efficacy, and
body-image perception, which may fluctuate during pharmacologic
weight loss (63). Rapid weight reduction induced by GLP-1RAs can
improve body satisfaction and quality of life, but it may also create
unrealistic expectations or dependence on medication for weight
control (64). Conversely, structured exercise programs foster
intrinsic motivation (65), self-regulation, and a positive
relationship with the body, promoting sustained engagement even
after pharmacotherapy discontinuation. However, adherence to
physical activity remains a major challenge, often limited by
perceived effort, time constraints, and lack of behavioral support.
Integrating behavioral counseling and psychological monitoring -
for instance through motivational interviewing, cognitive-
behavioral strategies, or digital adherence tools - could enhance
both pharmacologic and lifestyle outcomes.

Future research should focus on refining hybrid strategies,
optimizing dose-exercise combinations, and addressing health

10.3389/fcdhc.2025.1720794

equity and implementation barriers. Policymakers and clinicians
alike must ensure that effective, evidence-based treatments —
pharmacologic and behavioral - are accessible and sustainable
across populations.

4.1 Limitations of the current literature

Although research examining the combined and comparative
effects of GLP-1 receptor agonists and exercise is rapidly expanding,
several limitations constrain the current evidence base. First, there is a
lack of standardized exercise protocols across studies, with wide
variability in training type, frequency, intensity, and supervision,
which limits comparability and prevents the identification of optimal
regimens for preserving lean mass or enhancing metabolic outcomes.
Second, most available trials are characterized by short follow-up
periods (generally <6-12 months), providing limited insight into the
durability of weight loss, muscle preservation, or cardiometabolic
benefits after treatment cessation. Furthermore, reporting
heterogeneity - including diverse measures of body composition
and inconsistent endpoints — hampers cross-study synthesis. Finally,
a publication bias toward studies reporting positive or synergistic
effects between GLP-1RAs and exercise may inflate perceived efficacy.

OBESITY
[ N ) |
long-term short-term
modest substained
weight loss weight loss
1 muscle mass 1 loss -
EXERCISE strengh and CARDI':)Eh‘II\EJﬁBOLIC lean mass GLP 1 RAS
function
COGNITIVE enarenn
FUNCTION sustaigabilit
1 adherence Y
T cost
HYBRID CARE MODEL

FOR OBESITY AND DIABETES MANAGEMENT

FIGURE 1

Combined effects of GLP-1RAs and exercise on weight and muscle health. GLP-1Ras promote significant weight loss and cardiometabolic benefits
but may reduce skeletal muscle integrity. Exercise supports muscle maintenance and function, though its impact on weight is modest. A combined

approach may maximize weight reduction while preserving lean mass.

Frontiers in Clinical Diabetes and Healthcare

05

frontiersin.org


https://doi.org/10.3389/fcdhc.2025.1720794
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Codella et al.

Future investigations should implement standardized exercise
prescriptions, longer follow-up, and preregistered multicenter
designs to ensure methodological consistency and improve
translational relevance.

5 Conclusion

In summary, GLP-1RAs have revolutionized obesity and
diabetes management, offering potent weight loss and
cardiometabolic benefits, but are best used in conjunction with
lifestyle interventions, particularly exercise, to optimize health
outcomes and sustainability. The future will likely prioritize
hybrid models that integrate pharmacotherapy with structured
lifestyle support, but further research is needed to address long-
term maintenance, cost, and health equity (Figure 1).
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