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Advancing age is associated with a progressive loss of muscle mass and strength/function,
termed sarcopenia, which leads to a wide spectrum of adverse outcomes including falls,
institutionalization, loss of independence, and mortality [1]. Muscle decline starts after the
age of 40 and intensifies later in life, where the loss of muscle mass and function reaches
a rate of 0.6–1% and 3% per year, respectively [2]. Sarcopenia is a prototypical geriatric
condition. Perturbations at multiple levels, from cellular processes within myocytes to
systemic factors (i.e., hormonal changes and chronic inflammation), as well as social
and environmental determinants, may contribute to its development [3]. This Special
Issue on “Diet and Muscle Metabolism” has been conceived to include studies aimed at
(1) providing an overview of the State of the Art in the field; (2) exploring the possible
biological mechanisms underlying musculoskeletal abnormalities; and (3) enhancing our
current understanding regarding potential areas of intervention.

The studies published in this Special Issue investigated the physiological and metabolic
dimensions of sarcopenia and its related phenotypes, with a focus on the effects of dietary
intake, metabolic flexibility, sex, and clinical interventions on aging muscle. Despite
the differences in the methodologies employed, which ranged from animal models to
interventional clinical trials, these investigations share several key characteristics that
enhance the current understanding of muscle health throughout life.

Alterations in most biological hallmarks of aging have been described in older adults
with sarcopenia [4]. Advancing age is accompanied by a state of chronic, low-grade inflam-
mation, the so-called “inflamm-aging” [5]. This phenomenon is characterized by altered
circulating concentrations of pro- and anti-inflammatory cytokines (including the “usual
suspects” interleukin (IL) 1, IL-6, and tumor necrosis factor-alpha (TNF-α)), and may lead
to reductions in food intake, metabolic changes (i.e., the elevation of resting energy expendi-
ture), and increased muscle catabolism [6]. Mitochondrial dysfunction in skeletal myocytes
is another major determinant of age-related muscle atrophy [7]. Mitochondria are the major
cellular source of reactive oxygen species (ROS) and play a critical role in both metabolic
and quality control processes in skeletal myocytes [8]. Alterations in mitochondrial function
led to the overproduction of ROS, which directly damage intracellular macromolecules
(i.e., proteins, lipids, and nucleic acids). Furthermore, excessive ROS production stimulates
the release of mitochondrial-derived damage-associated molecular patterns (DAMPs), such
as mtDNA and mitochondrial formylated peptides, which stimulate the innate immune
system response and promote a persistent inflammatory milieu. The consequent secretion
of inflammatory mediators may, in turn, promote further mitochondrial damage, thus
creating a vicious cycle [9].

Skeletal muscle also undergoes profound structural changes with aging [10]. Besides
myofiber atrophy and loss, intermuscular fat infiltration affects muscle strength and mobil-
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ity function via lipotoxic effects. Excessive adipose tissue may further induce the release of
pro-inflammatory mediators, which enhances muscle loss [11] and promotes the develop-
ment of sarcopenic obesity, a condition associated with higher morbidity and mortality in
older adults [12]. In this Special Issue, Moroni et al. [13], using a large cohort of 1510 Italian
adults, reported that sarcopenia was the most prevalent phenotype (17%), followed by
osteosarcopenia (14.7%) and sarcopenic obesity (2%). The study also identified several
biochemical markers linked to these conditions, such as inflammatory (C-reactive proteins
and erythrocyte sedimentation rate) and nutritional biomarkers (albumin and iron), under-
scoring the interplay between chronic inflammation, nutrient status, and musculoskeletal
health in aging populations.

Gut dysbiosis, i.e., the imbalance in the gut microbiota composition and function, is
emerging as another factor that influences age-related muscle decline. Gut dysbiosis is as-
sociated with increased intestinal permeability, which favors the passage of endotoxins and
other microbial factors, thereby eliciting a systemic inflammatory response [14]. Fatigue
has been proposed as an early clinical indicator of muscle metabolism abnormalities [15].
When the dietary intake of energy and protein is not adequate to meet individual demands,
body fat and muscles are catabolized to provide energy substrates [16–18]. This leads to
metabolic dyshomeostasis, which is associated with fatigue onset [19]. Both mitochondrial
quality and quantity are reduced in the presence of fatigue [20]. Impairments in mitochon-
drial numbers, biogenesis, and activity, which are common features of muscle wasting
diseases, including sarcopenia, seem to be the main cellular mechanisms underlying the
development of fatigue in older adults [20].

Three studies published in this Special Issue explored the role of different dietary
patterns in shaping muscle health and metabolic function in animal models. Alameddine
et al. [21] demonstrated that a maternal low-protein diet during lactation led to reduced
muscle mass and strength in offspring, with effects more pronounced in males. While
female offspring initially recovered muscle weight after weaning, they experienced sig-
nificant muscle loss during aging. Da Eira et al. [22] compared the effects of a high-fat,
sucrose-enriched (HFS) diet and a carbohydrate-free ketogenic diet (KD) on skeletal mus-
cle metabolism in rats. Although both increased fat availability, only the KD preserved
insulin-stimulated glucose metabolism, improved mitochondrial markers, and promoted
muscle-type-specific ketone utilization. In contrast, the HFS diet impaired metabolic flexi-
bility. Hulett et al. [23] investigated sex-specific skeletal muscle adaptations to a high-fat,
high-sucrose (HFHS) diet, showing that male rats exhibited elevated mitochondrial res-
piration and insulin resistance, despite similar fat gain between sexes. Transcriptomic
analyses highlighted distinct sex-dependent differences in nutrient handling and signaling
pathways, including PI3K/AKT and PPARα/RXRα. Collectively, these studies emphasize
the critical influence of diet on muscle health and metabolic function, underscore sex-
specific responses, and support the need for personalized nutritional strategies to prevent
or manage obesity, metabolic disorders, and muscle-related conditions.

Although several drug candidates are under investigation, no pharmacological
treatments are currently available to counteract age-related muscle decline [24]. The
main strategies to prevent and manage sarcopenia are based on lifestyle interventions
(i.e., diet and physical activity) [25]. Among these, resistance training and a protein-rich
diet/supplementation have been reported to be the most effective in counteracting muscle
decline [26].

In this Special Issue, Rondanelli et al. [27] reported that a two-month multidisciplinary
residential program (MRP) significantly improved key health metrics in institutionalized
adults with sarcopenic obesity. The MRP included a personalized low-energy mixed diet,
exercise sessions (e.g., aerobic plus resistance training) five days a week, and cognitive
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behavioral therapy. Participants demonstrated enhanced physical performance, as indi-
cated by increased Short Physical Performance Battery (SPPB) scores, alongside favorable
changes in body composition, including reductions in fat mass and visceral adipose tissue.
Moreover, the intervention led to marked improvements in glycemic control, lipid pro-
files, and insulin sensitivity. These findings highlight the effectiveness of comprehensive,
supervised interventions in mitigating the clinical burden of sarcopenic obesity.

Other dietary compounds like omega-3 polyunsaturated fatty acids (PUFAs), vitamin
D, creatine, and β-hydroxy-β-methylbutyrate (HMB) have shown promising results in
preserving muscle mass in older adults. Recent systematic reviews and meta-analyses
reported the positive effects of PUFA supplementation on muscle strength and function,
with controversial results for lean mass [28]. Low levels of vitamin D have been associated
with reduced muscle strength and function in longitudinal studies [29,30]. However, meta-
analyses of vitamin D supplementation’s effects on muscle parameters reported mixed
results, especially when it was considered as a stand-alone therapy [31–33]. Creatine
supplementation has been suggested as a promising strategy for counteracting muscle
atrophy due to its role in muscle protein synthesis and satellite cell activation, mediated by
the insulin-like growth factor 1–mammalian target of rapamycin axis [34]. Finally, HMB, a
metabolite of leucine, has been found to stimulate muscle anabolism in institutionalized
older patients [35]. However, recent systematic reviews reported only minor effects of
HMB supplementation in attenuating age-related muscle mass loss in older adults, while
the results on strength/function were inconclusive [36].

A wide array of nutraceuticals, including resveratrol [37], quercetin [38], ursolic
acid [39], urolithin [40], fisetin [41], and nicotinamide riboside [42,43], are being increasingly
studied for their potential effects on critical myocyte pathways, such as autophagy, cellular
senescence, and mitochondrial biogenesis [44]. However, although pre-clinical studies have
shown promising results, the beneficial effects of these biomolecules on human muscle
aging still remain to be proven.

Over the last few decades, various research findings have answered many questions
about age-related musculoskeletal conditions. However, given their complex and multifac-
torial etiology, a deeper understanding of the biological mechanisms underlying alterations
in skeletal muscle metabolism is key for developing new effective and targeted strategies
to preserve muscle mass and function/strength in advanced age. The optimization of the
current approaches through personalized nutritional interventions represents a promising
strategy to combat age-related muscle loss. The development of new pharmacological
agents may be of particular interest among individuals not responding to lifestyle interven-
tions, or for those in whom they cannot be implemented.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef] [PubMed]
2. Hughes, V.A.; Frontera, W.R.; Roubenoff, R.; Evans, W.J.; Singh, M.A.F. Longitudinal changes in body composition in older men

and women: Role of body weight change and physical activity. Am. J. Clin. Nutr. 2002, 76, 473–481. [CrossRef] [PubMed]
3. Landi, F.; Calvani, R.; Cesari, M.; Tosato, M.; Martone, A.M.; Ortolani, E.; Savera, G.; Salini, S.; Sisto, A.; Picca, A.; et al. Sarcopenia:

An Overview on Current Definitions, Diagnosis and Treatment. Curr. Protein Pept. Sci. 2018, 19, 633–638. [CrossRef] [PubMed]
4. López-Otín, C.; Blasco, M.A.; Partridge, L.; Serrano, M.; Kroemer, G. The Hallmarks of Aging. Cell 2013, 153, 1194–1217. [CrossRef]
5. Franceschi, C.; Bonafe, M.; Valensin, S.; Olivieri, F.; De Luca, M.; Ottaviani, E.; De Benedictis, G. Inflamm-aging: An Evolutionary

Perspective on Immunosenescence. Ann. N. Y. Acad. Sci. 2000, 908, 244–254. [CrossRef]
6. Landi, F.; Calvani, R.; Tosato, M.; Martone, A.M.; Ortolani, E.; Savera, G.; Alex, S.; Emanuele, M. Anorexia of Aging: Risk Factors,

Consequences, and Potential Treatments. Nutrients 2016, 8, 69. [CrossRef]

https://doi.org/10.1016/S0140-6736(19)31138-9
https://www.ncbi.nlm.nih.gov/pubmed/31171417
https://doi.org/10.1093/ajcn/76.2.473
https://www.ncbi.nlm.nih.gov/pubmed/12145025
https://doi.org/10.2174/1389203718666170607113459
https://www.ncbi.nlm.nih.gov/pubmed/28595526
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.3390/nu8020069


Nutrients 2025, 17, 1727 4 of 5

7. Marzetti, E.; Calvani, R.; Cesari, M.; Buford, T.W.; Lorenzi, M.; Behnke, B.J.; Leeuwenburgh, C. Mitochondrial dysfunction and
sarcopenia of aging: From signaling pathways to clinical trials. Int. J. Biochem. Cell Biol. 2013, 45, 2288–2301. [CrossRef]

8. Picca, A.; Lozanoska-Ochser, B.; Calvani, R.; Coelho-Júnior, H.J.; Leewenburgh, C.; Marzetti, E. Inflammatory, mitochondrial, and
senescence-related markers: Underlying biological pathways of muscle aging and new therapeutic targets. Exp. Gerontol. 2023,
178, 112204. [CrossRef]

9. López-Armada, M.J.; Riveiro-Naveira, R.R.; Vaamonde-García, C.; Valcárcel-Ares, M.N. Mitochondrial dysfunction and the
inflammatory response. Mitochondrion 2013, 13, 106–118. [CrossRef]

10. Azzolino, D.; Spolidoro, G.C.I.; Saporiti, E.; Luchetti, C.; Agostoni, C.; Cesari, M. Musculoskeletal Changes Across the Lifespan:
Nutrition and the Life-Course Approach to Prevention. Front. Med. 2021, 8, 697954. [CrossRef]

11. Kirk, B.; Zanker, J.; Duque, G. Osteosarcopenia: Epidemiology, diagnosis, and treatment-facts and numbers. J. Cachexia Sarcopenia
Muscle 2020, 11, 609–618. [CrossRef] [PubMed]

12. Azzolino, D.; Lucchi, T. Expanding applications of GLP-1 therapies: A careful view. Int. J. Obes. 2025, 16, 1–2. [CrossRef]
13. Moroni, A.; Perna, S.; Azzolino, D.; Gasparri, C.; Zupo, R.; Cremasco, M.M.; Rondanelli, M. Discovering the Individualized

Factors Associated with Sarcopenia and Sarcopenic Obesity Phenotypes—A Machine Learning Approach. Nutrients 2023, 15, 4536.
[CrossRef] [PubMed]

14. Grosicki, G.J.; Fielding, R.A.; Lustgarten, M.S. Gut Microbiota Contribute to Age-Related Changes in Skeletal Muscle Size,
Composition, and Function: Biological Basis for a Gut-Muscle Axis. Calcif. Tissue Int. 2018, 102, 433–442. [CrossRef] [PubMed]

15. Cesari, M.; Cherubini, A.; Guralnik, J.M.; Beresniak, A.; Rodriguez-Mañas, L.; Inzitari, M.; Walston, J. Early detection of
accelerated aging and cellular decline (AACD): A consensus statement. Exp. Gerontol. 2021, 146, 111242. [CrossRef]

16. Azzolino, D.; Marzetti, E.; Proietti, M.; Calvani, R.; Barreto, P.d.S.; Rolland, Y.; Cesari, M. Lack of energy is associated with
malnutrition in nursing home residents: Results from the INCUR study. J. Am. Geriatr. Soc. 2021, 69, 3242–3248. [CrossRef]

17. Vellas, B.; Baumgartner, R.N.; Wayne, S.J.; Conceicao, J.; Lafont, C.; Albarede, J.L.; Garry, P.J. Relationship between malnutrition
and falls in the elderly. Nutrition 1992, 8, 105–108.

18. Newman, A.B.; Lee, J.S.; Visser, M.; Goodpaster, B.H.; Kritchevsky, S.B.; Tylavsky, F.A.; Nevitt, M.; Harris, T.B. Weight change and
the conservation of lean mass in old age: The Health, Aging and Body Composition Study. Am. J. Clin. Nutr. 2005, 82, 872–878.
[CrossRef]

19. Azzolino, D.; Coelho-Junior, H.J.; Proietti, M.; Manzini, V.M.; Cesari, M. Fatigue in older persons: The role of nutrition. Proc. Nutr.
Soc. 2023, 82, 39–46. [CrossRef]

20. Wawrzyniak, N.R.; Joseph, A.-M.; Levin, D.G.; Gundermann, D.M.; Leeuwenburgh, C.; Sandesara, B.; Manini, T.M.; Adhihetty, P.J.
Idiopathic chronic fatigue in older adults is linked to impaired mitochondrial content and biogenesis signaling in skeletal muscle.
Oncotarget 2016, 7, 52695–52709. [CrossRef]

21. Alameddine, M.; Altinpinar, A.E.; Ersoy, U.; Kanakis, I.; Myrtziou, I.; Ozanne, S.E.; Goljanek-Whysall, K.; Vasilaki, A. Effect of
Lactational Low-Protein Diet on Skeletal Muscle during Adulthood and Ageing in Male and Female Mouse Offspring. Nutrients
2024, 16, 2926. [CrossRef] [PubMed]

22. Da Eira, D.; Jani, S.; Stefanovic, M.; Ceddia, R.B. Sucrose-Enriched and Carbohydrate-Free High-Fat Diets Distinctly Affect
Substrate Metabolism in Oxidative and Glycolytic Muscles of Rats. Nutrients 2024, 16, 286. [CrossRef] [PubMed]

23. Hulett, N.A.; Knaub, L.A.; Hull, S.E.; Pott, G.B.; Peelor, R.; Miller, B.F.; Shankar, K.; Rudolph, M.C.; Reusch, J.E.B.; Scalzo, R.L. Sex
Differences in the Skeletal Muscle Response to a High Fat, High Sucrose Diet in Rats. Nutrients 2023, 15, 4438. [CrossRef]

24. Cesari, M.; Bernabei, R.; Vellas, B.; Fielding, R.A.; Rooks, D.; Azzolino, D.; Mariani, J.; Oliva, A.A.; Bhasin, S.; Rolland, Y.
Challenges in the Development of Drugs for Sarcopenia and Frailty—Report from the International Conference on Frailty and
Sarcopenia Research (ICFSR) Task Force. J. Frailty Aging 2022, 11, 135–142. [CrossRef]

25. Calvani, R.; Picca, A.; Coelho-Júnior, H.J.; Tosato, M.; Marzetti, E.; Landi, F. Diet for the prevention and management of sarcopenia.
Metabolism 2023, 146, 155637. [CrossRef]

26. Dent, E.; Morley, J.E.; Cruz-Jentoft, A.J.; Arai, H.; Kritchevsky, S.B.; Guralnik, J.; Bauer, J.M.; Pahor, M.; Clark, B.C.; Cesari, M.;
et al. International Clinical Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management. J. Nutr. Health
Aging 2018, 22, 1148–1161. [CrossRef]

27. Rondanelli, M.; Gasparri, C.; Moroni, A.; Genovese, E.; Valentini, E.M.; Leone, G.; Perna, S.; Mazzola, G. The Effects of a
Multidisciplinary Residential Program on the Risk Factors of Sarcopenic Obesity: An Open-Label Trial Study in a Cohort of
Institutionalized Italian Adults with Obesity. Nutrients 2025, 17, 1511. [CrossRef]

28. Cornish, S.M.; Cordingley, D.M.; Shaw, K.A.; Forbes, S.C.; Leonhardt, T.; Bristol, A.; Candow, D.G.; Chilibeck, P.D. Effects of
Omega-3 Supplementation Alone and Combined with Resistance Exercise on Skeletal Muscle in Older Adults: A Systematic
Review and Meta-Analysis. Nutrients 2022, 14, 2221. [CrossRef]

29. Visser, M.; Deeg, D.J.H.; Lips, P. Low Vitamin D and High Parathyroid Hormone Levels as Determinants of Loss of Muscle
Strength and Muscle Mass (Sarcopenia): The Longitudinal Aging Study Amsterdam. J. Clin. Endocrinol. Metab. 2003, 88,
5766–5772. [CrossRef]

https://doi.org/10.1016/j.biocel.2013.06.024
https://doi.org/10.1016/j.exger.2023.112204
https://doi.org/10.1016/j.mito.2013.01.003
https://doi.org/10.3389/fmed.2021.697954
https://doi.org/10.1002/jcsm.12567
https://www.ncbi.nlm.nih.gov/pubmed/32202056
https://doi.org/10.1038/s41366-025-01788-4
https://doi.org/10.3390/nu15214536
https://www.ncbi.nlm.nih.gov/pubmed/37960189
https://doi.org/10.1007/s00223-017-0345-5
https://www.ncbi.nlm.nih.gov/pubmed/29058056
https://doi.org/10.1016/j.exger.2021.111242
https://doi.org/10.1111/jgs.17393
https://doi.org/10.1093/ajcn/82.4.872
https://doi.org/10.1017/S0029665122002683
https://doi.org/10.18632/oncotarget.10685
https://doi.org/10.3390/nu16172926
https://www.ncbi.nlm.nih.gov/pubmed/39275242
https://doi.org/10.3390/nu16020286
https://www.ncbi.nlm.nih.gov/pubmed/38257179
https://doi.org/10.3390/nu15204438
https://doi.org/10.14283/jfa.2022.30
https://doi.org/10.1016/j.metabol.2023.155637
https://doi.org/10.1007/s12603-018-1139-9
https://doi.org/10.3390/nu17091511
https://doi.org/10.3390/nu14112221
https://doi.org/10.1210/jc.2003-030604


Nutrients 2025, 17, 1727 5 of 5

30. Scott, D.; Blizzard, L.; Fell, J.; Ding, C.; Winzenberg, T.; Jones, G. A prospective study of the associations between 25-hydroxy-
vitamin D, sarcopenia progression and physical activity in older adults. Clin. Endocrinol. 2010, 73, 581–587. [CrossRef]

31. Muir, S.W.; Montero-Odasso, M. Effect of Vitamin D Supplementation on Muscle Strength, Gait and Balance in Older Adults:
A Systematic Review and Meta-Analysis. J. Am. Geriatr. Soc. 2011, 59, 2291–2300. [CrossRef] [PubMed]

32. Beaudart, C.; Buckinx, F.; Rabenda, V.; Gillain, S.; Cavalier, E.; Slomian, J.; Petermans, J.; Reginster, J.-Y.; Bruyère, O. The Effects of
Vitamin D on Skeletal Muscle Strength, Muscle Mass, and Muscle Power: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. J. Clin. Endocrinol. Metab. 2014, 99, 4336–4345. [CrossRef] [PubMed]

33. Prokopidis, K.; Giannos, P.; Triantafyllidis, K.K.; Kechagias, K.S.; Mesinovic, J.; Witard, O.C.; Scott, D. Effect of vitamin D
monotherapy on indices of sarcopenia in community-dwelling older adults: A systematic review and meta-analysis. J. Cachexia
Sarcopenia Muscle 2022, 13, 1642–1652. [CrossRef] [PubMed]

34. Damanti, S.; Azzolino, D.; Roncaglione, C.; Arosio, B.; Rossi, P.; Cesari, M. Efficacy of Nutritional Interventions as Stand-Alone or
Synergistic Treatments with Exercise for the Management of Sarcopenia. Nutrients 2019, 11, 1991. [CrossRef]

35. Gao, L.; Xu, T.; Huang, G.; Jiang, S.; Gu, Y.; Chen, F. Oral microbiomes: More and more importance in oral cavity and whole body.
Protein Cell 2018, 9, 488–500. [CrossRef]

36. Phillips, S.M.; Lau, K.J.; D’Souza, A.C.; Nunes, E.A. An umbrella review of systematic reviews of β-hydroxy-β-methyl butyrate
supplementation in ageing and clinical practice. J. Cachexia Sarcopenia Muscle 2022, 13, 2265–2275. [CrossRef]

37. Liao, Z.-Y.; Chen, J.-L.; Xiao, M.-H.; Sun, Y.; Zhao, Y.-X.; Pu, D.; Lv, A.-K.; Wang, M.-L.; Zhou, J.; Zhu, S.-Y.; et al. The effect of
exercise, resveratrol or their combination on Sarcopenia in aged rats via regulation of AMPK/Sirt1 pathway. Exp. Gerontol. 2017,
98, 177–183. [CrossRef]

38. Le, N.H.; Kim, C.-S.; Park, T.; Park, J.H.Y.; Sung, M.-K.; Lee, D.G.; Hong, S.-M.; Choe, S.-Y.; Goto, T.; Kawada, T.; et al. Quercetin
protects against obesity-induced skeletal muscle inflammation and atrophy. Mediat. Inflamm. 2014, 2014, 834294. [CrossRef]

39. Ogasawara, R.; Sato, K.; Higashida, K.; Nakazato, K.; Fujita, S. Ursolic acid stimulates mTORC1 signaling after resistance exercise
in rat skeletal muscle. Am. J. Physiol. Metab. 2013, 305, E760–E765. [CrossRef]

40. Rodriguez, J.; Pierre, N.; Naslain, D.; Bontemps, F.; Ferreira, D.; Priem, F.; Deldicque, L.; Francaux, M. Urolithin B, a newly
identified regulator of skeletal muscle mass. J. Cachexia Sarcopenia Muscle 2017, 8, 583–597. [CrossRef]

41. Liu, L.; Yue, X.; Sun, Z.; Hambright, W.S.; Feng, Q.; Cui, Y.; Huard, J.; Robbins, P.D.; Wang, Z.; Mu, X. Senolytic elimination of
senescent macrophages restores muscle stem cell function in severely dystrophic muscle. Aging (Albany NY) 2022, 14, 7650–7661.
[CrossRef] [PubMed]

42. Sonntag, T.; Ancel, S.; Karaz, S.; Cichosz, P.; Jacot, G.; Giner, M.P.; Sanchez-Garcia, J.L.; Pannérec, A.; Moco, S.; Sorrentino, V.; et al.
Nicotinamide riboside kinases regulate skeletal muscle fiber-type specification and are rate-limiting for metabolic adaptations
during regeneration. Front Cell Dev. Biol. 2022, 10, 1049653. [CrossRef] [PubMed]

43. Lapatto, H.A.K.; Kuusela, M.; Heikkinen, A.; Muniandy, M.; van der Kolk, B.W.; Gopalakrishnan, S.; Pöllänen, N.; Sandvik, M.;
Schmidt, M.S.; Heinonen, S.; et al. Nicotinamide riboside improves muscle mitochondrial biogenesis, satellite cell differentiation,
and gut microbiota in a twin study. Sci. Adv. 2023, 9, eadd5163. [CrossRef]

44. Wang, Y.; Liu, Q.; Quan, H.; Kang, S.G.; Huang, K.; Tong, T. Nutraceuticals in the Prevention and Treatment of the Muscle
Atrophy. Nutrients 2021, 13, 1914. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(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/10.1111/j.1365-2265.2010.03858.x
https://doi.org/10.1111/j.1532-5415.2011.03733.x
https://www.ncbi.nlm.nih.gov/pubmed/22188076
https://doi.org/10.1210/jc.2014-1742
https://www.ncbi.nlm.nih.gov/pubmed/25033068
https://doi.org/10.1002/jcsm.12976
https://www.ncbi.nlm.nih.gov/pubmed/35261183
https://doi.org/10.3390/nu11091991
https://doi.org/10.1007/s13238-018-0548-1
https://doi.org/10.1002/jcsm.13030
https://doi.org/10.1016/j.exger.2017.08.032
https://doi.org/10.1155/2014/834294
https://doi.org/10.1152/ajpendo.00302.2013
https://doi.org/10.1002/jcsm.12190
https://doi.org/10.18632/aging.204275
https://www.ncbi.nlm.nih.gov/pubmed/36084954
https://doi.org/10.3389/fcell.2022.1049653
https://www.ncbi.nlm.nih.gov/pubmed/36438552
https://doi.org/10.1126/sciadv.add5163
https://doi.org/10.3390/nu13061914

	References

