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Abstract

Weight regain is a common challenge after weight reduction, especially when GLP-1-based
treatments are discontinued. Maintaining skeletal muscle mass through sufficient protein intake
remains crucial for metabolic health and functional ability, particularly in older adults. Current
evidence suggests that different protein sources can distinctly influence adipose tissue inflammation,
epigenetic programming, and the development of sarcopenic obesity. In this mini-review, we
synthesize mechanistic and translational insights into how plant- and animal-derived proteins affect
adipose tissue remodeling and muscle preservation, highlighting nutritional strategies that may
minimize weight relapse and promote healthy aging.
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1. Introduction

Obesity is now recognized as one of the most critical global health concerns, strongly associated
with the increasing rates of type 2 diabetes and other metabolic complications [1]. While lifestyle
interventions such as regular exercise and calorie restriction remain fundamental components of
weight control [2], their long-term success is often modest. Typically, individuals achieve weight
reductions of around 5-10% through dietary adjustments, 5-20% with pharmacological approaches,
and 20-30% or more with bariatric surgery [3]. Yet, these methods alone seldom guarantee lasting
outcomes. A recent meta-analysis revealed that nearly 50% of the weight lost is regained within two
years, and close to 80% is regained after five years [4].

The advent of glucagon-like peptide-1 receptor agonists (GLP-1 RAs) has transformed obesity
treatment, achieving weight losses of approximately 15-25% within 12-24 months without the need
for surgery, while also markedly improving cardiometabolic health [5]. However, stopping the
therapy often results in rapid weight regain, highlighting the persistence of an “obesity memory”
within adipose tissue [6]. This phenomenon is marked by chronic low-grade inflammation, disrupted
tissue remodeling, and enduring epigenetic alterations that predispose individuals to metabolic
relapse and disproportionate fat accumulation compared to lean mass recovery [7,8]. Both clinical
and experimental studies suggest that GLP-1-based treatments can negatively affect lean body mass,
raising concerns about sarcopenia and vulnerability in older individuals [9]. Similarly, in animal
models, GLP-1-driven weight reduction has been linked to disproportionate losses in muscle tissue,
while subsequent weight regain tends to occur through rapid fat deposition accompanied by
impaired adipose tissue remodeling [10,11].

Another challenge is the limited adherence to GLP-1 therapy, as high costs and adverse effects
lead to discontinuation rates approaching two-thirds within the first year, although nearly half of
these patients may eventually restart treatment [12]. Observational studies show that such cycles of
stopping and resuming—commonly referred to as weight cycling—are linked to greater fat mass
regain relative to lean mass restoration, which may heighten the likelihood of sarcopenic obesity [13—
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15]. This syndrome, defined by excess fat alongside reduced muscle mass, affects 10-20% of older
adults and is associated with frailty, diminished physical function, and increased morbidity [16].

Collectively, these observations highlight the pressing need for supportive approaches that can
ensure long-term weight maintenance and safeguard muscle health. Among such strategies, dietary
protein intake has emerged as a critical factor. Although current guidelines largely focus on the
amount of protein consumed, the influence of different protein sources—such as plant-based, dairy,
or novel sustainable options—on adipose remodeling, epigenetic marks, and the risk of sarcopenic
obesity is still not well clarified [17,18]. While many clinical trials confirm that higher protein
consumption enhances satiety and aids weight stability, the specific mechanisms by which distinct
protein types affect adipose tissue biology, inflammatory status, and epigenetic regulation remain
insufficiently understood [19,20].

This review seeks to integrate recent evidence on how various protein sources affect adipose
tissue flexibility, epigenetic regulation, and the maintenance of muscle mass, with particular
emphasis on their contribution to sustaining weight loss and reducing the risk of sarcopenic obesity,
particularly in the context of GLP-1-induced weight reduction.

2. Protein Quality and Body Composition

Protein functions not only as a key regulator of energy balance but also as a central factor in
shaping body composition and overall metabolic health. Emerging evidence highlights that beyond
the total amount consumed, protein quality —defined by its amino acid composition, digestibility,
and bioavailability —plays a decisive role in influencing satiety, thermogenesis, the preservation of
lean mass, and the maintenance of long-term weight stability [19,20]. Taken together, these insights
suggest that dietary protein impacts health outcomes through more than quantity alone, with the
unique biological characteristics of animal- and plant-based proteins emphasizing the need to
distinguish their metabolic contributions.

3. Protein Source-Specific Mechanisms in Adipose Tissue

Protein sources differ in their impacts on adipose tissue biology, muscle maintenance, and
overall metabolic regulation. Dairy proteins, with their high leucine levels and rapid digestion rates,
are particularly effective in stimulating satiety pathways and muscle protein synthesis [21]. In
contrast, plant proteins contribute unique benefits through anti-inflammatory compounds and
interactions with the gut microbiota that enhance metabolic health [22]. Beyond these effects, plant-
based proteins also provide advantages related to sustainability. Well-studied examples include soy
and pea proteins, which are rich in isoflavones and ACE-inhibitory peptides that can lower
inflammation, improve insulin sensitivity, and promote satiety hormone release [23,24]. Interest has
also expanded to novel protein sources; for instance, banana peel protein shows promise in
strengthening gut barrier function and supporting epigenetic adaptability, potentially counteracting
the “obesity memory” associated with post-treatment weight regain [25-27]. Collectively, these
mechanisms highlight the capacity of protein quality to shape adipose tissue remodeling and muscle
preservation, underscoring the critical role of protein source in promoting long-term metabolic
resilience and healthy aging.

4. Epigenetic Remodeling and “Obesity Memory”

Weight regain after intentional weight loss is increasingly viewed not merely as a behavioral or
metabolic issue, but as a process influenced by persistent epigenetic changes in adipose tissue. These
alterations —such as DN A methylation, histone modifications, and regulation by non-coding RNAs—
create an “obesity memory” that sustains chronic low-grade inflammation, limits adipose tissue
adaptability, and promotes excessive fat accumulation in relation to lean mass [28-30].

Evidence from human studies supports this idea. Research on patients undergoing bariatric
surgery or lifestyle interventions has shown extensive DNA methylation changes in adipose tissue,
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with some alterations persisting even after weight loss and remaining associated with metabolic
outcomes [27]. Moreover, Hoffstedt et al. [31] tracked obese women for five years following Roux-
en-Y gastric bypass and found sustained improvements in adipose tissue characteristics—such as
reduced adipocyte size, decreased lipolysis, and elevated adiponectin levels—even when partial
weight regain occurred. Although specific epigenetic markers (e.g.,, DNA methylation or histone
modifications) were not measured in this study, these long-term functional benefits reinforce the
notion of a “metabolic memory” in adipose tissue that may parallel or be driven by lasting epigenetic
changes [32].

Preclinical findings add further support to this concept. In a recent mouse model of diet-induced
obesity, Hinte et al. [6] showed that obesity-associated epigenetic alterations in adipocytes—
particularly changes in enhancer and promoter regions—remained even after weight loss. When the
animals were re-exposed to a high-fat diet, they regained weight more rapidly than controls, offering
direct evidence for an epigenetic “obesity memory” within adipose tissue.

Protein-derived signals can influence chromatin architecture, transcriptional activity, and
metabolite supply, thereby either reinforcing or weakening obesity-related epigenetic marks,
ultimately shaping metabolic resilience and altering the likelihood of relapse and sarcopenic obesity
[27]. Recent evidence suggests that protein quality may regulate epigenetic remodeling through
multiple pathways. The amino acid profile—particularly methionine and branched-chain amino
acids —can impact one-carbon metabolism and methyl donor availability, leading to changes in DNA
methylation within adipose tissue [3]. In addition, bioactive peptides released during protein
digestion may directly affect histone-modifying enzymes, such as acetyltransferases and
deacetylases, altering transcriptional accessibility. Plant-derived proteins also contribute indirectly
through gut microbiota, which generate short-chain fatty acids like butyrate that act as powerful
epigenetic modulators [33,34].

These mechanisms carry significant clinical relevance. During pharmacological weight loss with
GLP-1 receptor agonists or dual incretin therapies, the persistence of obesity-related epigenetic
alterations may predispose patients to rapid relapse once treatment ends [34,35]. Ensuring sufficient
intake of high-quality protein throughout weight loss and maintenance phases could help counter
this risk by preserving lean body mass and dampening pro-obesogenic epigenetic patterns [36]. In
older adults, sustaining skeletal muscle through protein intake is particularly crucial to prevent
sarcopenic obesity—a condition strongly linked with reduced metabolic flexibility, frailty, and
adverse cardiometabolic outcomes. Overall, these findings emphasize protein quality as a modifiable
factor that integrates nutritional, epigenetic, and clinical aspects of obesity management [36,37].
Figure 1 provides a conceptual overview of how persistent epigenetic “obesity memory” interacts
with protein sources to influence long-term weight control and sarcopenic obesity risk.
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Figure 1. Conceptual model of dietary protein sources and epigenetic “obesity memory. This schematic
summarizes how protein source (dairy, plant-based, and novel sustainable proteins) may influence adipose
tissue plasticity, epigenetic remodeling, and lean mass preservation, thereby modulating the risk of weight

regain and sarcopenic obesity in the context of pharmacological weight loss.

5. Clinical Evidence: Protein Intake and Weight Maintenance

Clinical research consistently shows that higher protein intake facilitates weight loss
maintenance and helps preserve lean body mass during periods of caloric restriction. Meta-analyses
of randomized controlled trials (RCTs) indicate that diets providing 1.2-1.6 g/kg/day of protein are
more effective than the standard dietary allowance of 0.8 g/kg/day in sustaining fat-free mass and
metabolic rate during weight reduction [20]. This protective effect of protein is particularly important
for individuals using pharmacological weight loss therapies, where the risk of losing
disproportionate amounts of lean tissue is increased.

Beyond total intake, the type of protein consumed is also significant. Dairy proteins, especially
whey, have been widely studied for their impact on satiety, muscle protein synthesis, and body
composition [21,37]. For instance, whey protein supplementation during energy restriction has been
shown to reduce muscle loss and improve post-meal satiety compared with isocaloric carbohydrate
or lower-quality protein alternatives [38,40]. Plant proteins, although sometimes limited in essential
amino acids, provide benefits through unique mechanisms, such as anti-inflammatory bioactives and
modulation of the gut microbiota [23,41]. Studies involving soy protein supplementation
demonstrate enhanced insulin sensitivity, reduced LDL-cholesterol, and modest preservation of lean
mass under hypocaloric diets [23,42].

Older adults represent a particularly high-risk group. Due to age-related anabolic resistance,
they require larger protein doses per meal to maximize muscle protein synthesis. Evidence suggests

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1895.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 September 2025 d0i:10.20944/preprints202509.1895.v1

5 of 7

that distributing protein evenly across meals and prioritizing leucine-rich sources helps maintain
muscle mass and improve functional outcomes in this population [43]. In this regard, dairy proteins
offer advantages because of their high leucine content and rapid digestibility, while plant proteins
may need fortification or combination strategies to achieve similar anabolic effects.

GLP-1-based treatments introduce additional complexity. Findings from the STEP trials indicate
that semaglutide-induced weight loss is associated with substantial reductions in lean mass,
accounting for as much as one-third of the total weight lost, which raises concerns about sarcopenic
obesity once therapy is discontinued [4,5]. Although direct interventional studies remain limited,
observational evidence suggests that maintaining sufficient protein intake during GLP-1 therapy may
help preserve muscle mass and support metabolic resilience. Combining protein supplementation
with resistance training has been recommended as a strategy to offset drug-related sarcopenia [43].

Taken together, these clinical insights highlight that not only the amount but also the type and
distribution of protein intake are critical for maintaining long-term weight reduction, preserving lean
tissue, and preventing sarcopenic obesity. Future research should specifically examine how different
protein sources interact with pharmacological weight loss interventions. This is especially important
in older adults, where the overlap of obesity relapse and sarcopenic obesity significantly increases
health risks and mortality.

6. Conclusions and Perspective

This mini-review emphasizes that protein quality is a critical factor in sustaining long-term
weight management, with effects extending beyond overall intake to include source-specific
influences on adipose remodeling, epigenetic regulation, and muscle preservation. Dairy proteins,
particularly whey, provide a leucine-rich signal that stimulates muscle protein synthesis, while plant-
based proteins supply anti-inflammatory compounds and microbiota-derived metabolites with
epigenetic activity. Emerging options such as banana peel protein present sustainable alternatives
with potential benefits for adipose tissue flexibility, although evidence in humans remains limited.

Weight regain is now increasingly understood as a biologically driven process maintained by
persistent epigenetic “obesity memory” within adipose tissue. Protein-derived signals may help
weaken or reinforce these epigenetic imprints, thereby shaping metabolic resilience. This issue is
especially relevant in the context of GLP-1-based pharmacotherapy, where lean mass loss combined
with rapid fat recovery raises the risk of sarcopenic obesity.

From a translational standpoint, older adults should be a primary focus, as they are particularly
susceptible to anabolic resistance, frailty, and sarcopenic obesity. In such populations, protein
interventions could provide dual benefits—preserving lean mass while reducing pro-obesogenic
epigenetic marks. Clinical evidence supports protein intakes of 1.2-1.6 g/kg/day during calorie
restriction for maintaining lean tissue, yet direct comparisons of different protein sources in older
individuals undergoing GLP-1 therapy remain scarce. Future work should integrate dietary
strategies with exercise and pharmacological approaches, testing high-leucine dairy proteins,
fortified plant blends, and novel sustainable proteins in aging populations. Such translational
approaches are essential to lower relapse risk, foster healthy aging, and address the growing
challenge of sarcopenic obesity.
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