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1. Introduction

Long-term imbalance between energy intake and expenditure, coupled with genetic
susceptibility, results in excess adiposity associated with deleterious outcomes across a
broad range of cell and tissue types. The progression from a lean to an obese phenotype
not only remodels the local adipose tissue microenvironment but also exerts systemic ef-
fects on distant organs [1]. Adipocytes can respond to chronic calorie surplus either by
hyperplasia or hypertrophy, with the latter being strongly associated with the develop-
ment of insulin resistance and dysregulation of lipid metabolism [2]. Moreover, a pheno-
typic shift in macrophage (M®) polarization from the anti-inflammatory M2 state, pre-
dominant in lean adipose tissues, to the pro-inflammatory M1 state promotes chronic low-
grade inflammation, driven by increased secretion of pro-inflammatory cytokines and a
concomitant decay in anti-inflammatory adipokines such as adiponectin [3]. The onset of
inflammation and alterations in adipokine production are tightly regulated through coor-
dinated interactions between the adipocytes and M®s, as well as other immune cell types
[4].

The skeletal muscle is a complex organ with profound effects on the homeostasis of
the entire body. Myocytes produce metabolites and signaling lipids in addition to secret-
ing protein factors (myokines), which are regulated by physical exercise (PE). PE activates
AMP-activated protein kinase and peroxisome proliferator-activated receptor y coactiva-
tor-la in myocytes, therefore improving glucose uptake and mitochondrial biogenesis in
skeletal muscle and reducing the abovementioned systemic low-grade inflammation [5].
Some myokines, including irisin, interleukin (IL)-6, and meteorin-like, induce adipocyte
browning, thereby enhancing energy expenditure and promoting excess nutrient catabo-
lism [6,7].

This Special Issue contains four original research articles and a comprehensive re-
view, focusing on inflammation, PE, and novel prevention and therapeutic strategies for
obesity.

2. An Overview of Published Articles

Adipocytes, M®s, and other stromal-vascular cells within adipose tissue coordi-
nately regulate inflammatory events and adipokine secretion [8]. Savulescu-Fiedler et al
(Contribution 1) comprehensively review molecular events during adipose tissue remod-
eling in response to excess fat deposition, which drive local and systemic low-grade in-
flammation, whose triggering cues involve fatty acid release by dying hypertrophic adi-
pocytes, hypoxia, and oxidative stress. In turn, robust pro-inflammatory signaling
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cascades are activated —primarily the nuclear factor-kB and NLR family pyrin domain
containing 3-inflammasome pathways—resulting in immune cell recruitment, M2 to M1
MO® polarization, and the release of pro-inflammatory cytokines, such as tumor necrosis
factor-a, IL-6, IL-12, and IL-23. Moreover, excess adipose tissue expansion and inflamma-
tion result in significant changes in the levels of adipokines, which exert paracrine or en-
docrine effects. Weight loss is associated with a significant decrease in both adipose tissue
and systemic inflammation, along with improved cardiometabolic risk. However, resid-
ual inflammation may persist, possibly preventing the success of therapeutic interven-
tions aiming at weight reduction and the restoration of metabolic homeostasis.

Several plant species are rich in flavonoids reported to ameliorate obesity-associated
metabolic complications, such as inflammation, adipose tissue disfunction, glucose intol-
erance, ectopic fat deposition, and cardiovascular comorbidities, partially through the
modulation of adipokine secretion [9]. Nobushi et al. (Contribution 2) investigated the
effects of 15 flavanone derivatives classified into a subfamily of flavonoids during the dif-
ferentiation of the most commonly used murine preadipocyte cell line, 3T3-L1 cells. 4'-
phenylflavanone treatment decreased triacylglycerol accumulation and downregulated
the mRNA expression of adipogenic markers in a concentration-dependent manner. The
suppression of in vitro adipogenesis may be at least partially attributed to the inhibition
of mitotic clonal expansion induced by 4'-phenylflavanone administration. Further stud-
ies are required to validate these findings in primary adipocyte and in vivo models, as
well as to explore the complex molecular mechanisms by which distinct flavanone com-
pounds regulate adipocyte differentiation.

PE exerts well-known beneficial metabolic effects, such as protecting against several
pathological conditions, including metabolic syndrome (MetS), neurodegenerative disor-
ders, and cancer [10]. In the recent decades, the prevalence of obesity among children and
adolescents has increased dramatically [11]. Popescu et al. (Contribution 3) conducted a
prospective randomized study that involved 160 children with overweight or obesity in
Romania, in which half of the participants underwent a 12-week kinesiotherapy program.
This intervention significantly improved physical endurance parameters and decreased
serum leptin and C-reactive protein levels, suggesting the alleviation of adiposity and in-
flammation, with a positive correlation observed between leptin levels and physical ac-
tivity among participants. Boppre et al. (Contribution 4) further evaluated the correlations
between body composition, muscle strength, and respiratory function parameters in 68
Portuguese firefighters. Anthropometric data collection, dual-energy X-ray absorptiome-
try, handgrip dynamometry, and spirometry were carried out for all participants. The
most significant correlations were found between lean body mass and handgrip strength
or forced vital capacity, suggesting that healthy adipose tissue phenotype and optimal
body composition support physical endurance and respiratory functions, even in individ-
uals with high energy demands.

Based on extensive research findings, pharmaceutical companies have started to de-
velop drugs targeting key regulatory pathways involved in food intake, gastric emptying,
and insulin release. Incretin analogs have demonstrated substantial efficacy not only in
the treatment of diabetes mellitus but also in obesity management [12]. However, due to
their potential adverse effects and limited availability, the development and application
of alternative approaches are necessary [13]. Cryolipolysis, as one such approach, is a non-
invasive method that induces adipocyte death through local cold shock, thereby reducing
fat deposits in targeted body regions [14]. Lopes-Martins et al. (Contribution 5) conducted
a study involving 30 female participants who underwent three abdominal cryolipolysis
sessions; this intervention not only reduced body fat mass and body mass index but also
improved serum total and low-density lipoprotein cholesterol levels, suggesting a
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potential reduction in the cardiovascular risk among patients with overweight or obesity
through cryolipolysis.

3. Conclusions

Genetic predisposition, chronic overnutrition, and a sedentary lifestyle contribute to
fat accumulation and adipose tissue dysfunction, supporting the multifactorial character-
istics of polygenic obesity and its comorbidities. Excess energy intake coupled with insuf-
ficient energy expenditure leads to adipocyte hypertrophy, recruitment of M®s and other
immune cells, and chronic inflammation—particularly in visceral adipose tissue —ulti-
mately resulting in insulin resistance and MetS. PE not only enhances energy catabolism
to meet the high demand of muscle contractility but also promotes the release of myokines
(termed as exerkines), thereby improving systemic glucose tolerance, promoting adipose
tissue browning, and alleviating inflammation. The articles published in this Special Issue
highlight emerging auxiliary therapeutic strategies, including the administration of herbal
compounds, PE interventions, and cryolipolysis, targeting excess adiposity, inflamma-
tion, and metabolic dysregulation in obesity. Collectively, these observations emphasize
the need for integrative and personalized approaches in the prevention and treatment of
obesity and MetS.
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The following abbreviations are used in this manuscript:

1L Interleukin

MetS Metabolic syndrome
Mo Macrophage

PE Physical exercise

List of Contributions

1.  Savulescu-Fiedler, I.; Mihalcea, R.; Dragosloveanu, S.; Scheau, C.; Baz, R.O.; Caruntu, A,
Scheau, A.-E.; Caruntu, C.; Benea, S.N. The Interplay between Obesity and Inflammation. Life
2024, 14, 856. https://doi.org/10.3390/1ife14070856.

2. Nobushi, Y.; Wada, T.; Miura, M.; Onoda, R.; Ishiwata, R.; Oikawa, N.; Shigematsu, K.; Naka-

kita, T.; Toriyama, M.; Shimba, S.; et al. Effects of Flavanone Derivatives on Adipocyte

https://doi.org/10.3390/1ife16040619


https://doi.org/10.3390/life16040619

Life 2026, 16, 619 4 of 4

Differentiation and Lipid Accumulation in 3T3-L1 Cells. Life 2024, 14, 1446.
https://doi.org/10.3390/life14111446.

3. Popescu, C.; Matei, D.; Amzolini, A.M.; Traistaru, M.R. Inflammation and Physical Perfor-
mance in Overweight and Obese Schoolchildren. Life 2024, 14, 1583.
https://doi.org/10.3390/1ife14121583.

4. Boppre, G.; Nunes, ].P.R; Fernandes, D.G.; Carlos, B.].d.C.S.e.R.; Barros, ].M.N.; de Freitas,
A.T.M.; dos Santos, ].A.R.; Zacca, R. Muscle, Fat, Bone, and Lungs: Unlocking the Fitness and
Health Equation of Firefighters in Porto, Portugal. Life 2025 15  334.
https://doi.org/10.3390/1ife15030334.

5. Lopes-Martins, R.A.B.; Barbosa, L.V.; Sousa, M.M.B.; Lobo, A.B.; Santos, E.L.d.R.; Sa Filho,
A.S.d.; Souza, M.B.; Jaime, ].C.; Silva, C.T.X.d.; Ruiz-Silva, C.; et al. The Effects of Body Cold
Exposure (Cryolipolysis) on Fat Mass and Plasma Cholesterol. Life 2024, 14, 1082.
https://doi.org/10.3390/1ife14091082.

References

1. Ghaben, A.L.; Scherer, P.E. Adipogenesis and metabolic health. Nat. Rev. Mol. Cell Biol. 2019, 20, 242-258.
https://doi.org/10.1038/541580-018-0093-z.

2.  Hagberg, C.E.; Spalding, K.L. White adipocyte dysfunction and obesity-associated pathologies in humans. Nat. Rev. Mol. Cell
Biol. 2024, 25, 270-289. https://doi.org/10.1038/s41580-023-00680-1.

3.  Wynn, T.A,; Chawla, A.; Pollard, ].W. Macrophage biology in development, homeostasis and disease. Nature 2013, 496, 445—
455, https://doi.org/10.1038/nature12034.

4. Fasshauer, M., Blither, M. Adipokines in health and disease. Trends Pharmacol. Sci. 2015, 36, 461-470.
https://doi.org/10.1016/j.tips.2015.04.014.

5. Severinsen, M.C.K,; Schéele, C.; Pedersen, B.K. Exercise and browning of white adipose tissue—A translational perspective.
Curr. Opin. Pharmacol. 2020, 52, 18-24. https://doi.org/10.1016/j.coph.2020.04.004.

6. Radvanyi, A.; Roszer, T. Interleukin-6: An Under-Appreciated Inducer of Thermogenic Adipocyte Differentiation. Int. J. Mol.
Sci. 2024, 25, 2810. https://doi.org/10.3390/ijms25052810.

7. Kristdf, E.; Kluséczki, A.; Veress, R.; Shaw, A.; Combi, Z.S.; Varga, K.; Gy0ry, F.; Balajthy, Z.; Bai, P.; Bacso, Z; Fésiis, L. Inter-
leukin-6 released from differentiating human beige adipocytes improves browning. Exp. Cell Res. 2019, 377, 47-55.
https://doi.org/10.1016/j.yexcr.2019.02.015.

8.  Sotdk, M.; Clark, M.; Suur, B.E.; Borgeson, E. Inflammation and resolution in obesity. Nat. Rev. Endocrinol. 2025, 21, 45-61.
https://doi.org/10.1038/s41574-024-01047-y.

9.  Ziqubu, K,; Mazibuko-Mbeje, S.E.; Dludla, P.V. Regulation of adipokine and batokine secretion by dietary flavonoids, as a
prospective therapeutic approach for obesity and its metabolic complications. Biochimie 2025, 230, 95-113.
https://doi.org/10.1016/j.biochi.2024.11.007.

10. Murphy, RM.; Watt, M.J.; Febbraio, M.A. Metabolic communication during exercise. Nat. Metab. 2020, 2, 805-816.
https://doi.org/10.1038/s42255-020-0258-x.

11. Steinbeck, K.S.; Lister, N.B.; Gow, M.L.; Baur, L.A. Treatment of adolescent obesity. Nat. Rev. Endocrinol. 2018, 14, 331-344.
https://doi.org/10.1038/s41574-018-0002-8.

12. Knudsen, L.B.; Lau, J. The Discovery and Development of Liraglutide and Semaglutide. Front. Endocrinol. 2019, 10, 155.
https://doi.org/10.3389/fend0.2019.00155.

13. Ditzenberger, G.L.; Lake, J.E; Kitch, D.W.; Kantor, A.; Muthupillai, R.; Moser, C.; Belaunzaran-Zamudio, P.F.; Brown, T.T.;
Corey, K,; Landay, A.L.; et al. Effects of Semaglutide on Muscle Structure and Function in the SLIM LIVER Study. Clin. Infect.
Dis. 2025, 80, 389-396. https://doi.org/10.1093/cid/ciae384.

14. Ravindran, R.; Pizzol, D.; Rahmati, M.; Caminada, S.; Yon, D.K.; Shin, J.I.; Veronese, N.; Soysal, P.; Fond, G.; Boyer, L.; et al.

Cryolipolysis and associated health outcomes, adverse events, and satisfaction: A systematic review and meta-analysis. Obes.
Rev. 2025, 26, €13925. https://doi.org/10.1111/0br.13925.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/1ife16040619


https://doi.org/10.3390/life16040619

