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Abstract: Obesity is considered a worldwide
epidemic, characterized by the excessive ac-
cumulation of body fat, which can affect he-
alth. Several lines of research confirm that the
chronic inflammation present in fatty adipose
tissue is associated with metabolic diseases
and heart complications. Against this back-
drop, natural products such as nutraceuticals
and food supplements are being used in an
attempt to combat obesity and promote wei-
ght loss. Natural compounds have a proven
level of evidence in terms of improving cli-
nical parameters and helping to treat obesity.
However, these are analyzed in isolation in the
global database. This justifies our hypothetical
opinion on the possible superior efficiency of
mixed therapy of already effective compou-
nds such as Capsaicin, Green Tea and Magne-
sium, analyzed simultaneously, in the control
of obesity and its associated comorbidities.

INTRODUCTION

Obesity is considered a global epidemic
(1). Currently, the effectiveness of weight loss
approaches is limited and variable (2)making
the search for alternative, yet effective and safe
treatments notoriously on the rise (2). Epide-
miological studies suggest that reducing body
weight by atleast 5% has benefits for metabolic
health and cardiovascular disease (CVD) risk
(3). It is widely accepted that the combination
of exercise and diet are the best approaches
to preventing and treating obesity, however,
self-modification strategies are difficult to im-
plement and adherence is less satisfactory in
populations suffering from obesity. (4). Some
anti-obesity drugs have been withdrawn from
the market due to their serious adverse effects,
including cardiovascular risk, mood disorders
and even suicidal susceptibility (5). Agents
such as the glucagon-like peptide 1 (GLP-1)
analog have demonstrated anti-obesity poten-
tial (6)However, weight loss is limited and the
risk of pancreatitis may increase (7). Finally,
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compared to the anti-obesity drugs mentioned
above, bariatric surgery, such as Roux-en-Y
gastric bypass or vertical gastrectomy, seems
to be more effective. However, it is physically
invasive, relatively expensive and its long-term
effect is unclear (8). Against this backdrop, va-
rious natural products such as nutraceuticals
and food supplements are being used in an
attempt to combat obesity and promote wei-
ght loss (9). A number of natural compounds
have a proven level of evidence in terms of
improving clinical parameters and helping to
treat obesity. However, these are analyzed in
isolation in the global database. This justifies
our hypothetical opinion on the possible su-
perior efficiency of mixed therapy of already
effective compounds such as capsaicin, green
tea and magnesium, analyzed simultaneously,
in the control of obesity and its associated co-
morbidities.

DISCUSSION - SCIENTIFIC
EVIDENCE AND ISOLATED
MECHANISMS OF ACTION

CAPSAICIN

Chili peppers contain active compounds
capable of performing multiple functions
in the body (10). Capsaicin, the main acti-
ve compound in chili peppers, is recognized
for its ability to perform these functions (11)
as well as having antioxidant properties (12)
and anti-obesity properties, as it plays a role in
inhibiting adipogenesis (13). Epidemiological
studies indicate that capsaicin consumption is
associated with a lower prevalence of obesity
(14). Snitker et al. 2009, in a double-blind stu-
dy, concluded that treatment with capsaicin is
safe and associated with weight loss (15). Le-
jeune et al, (16)investigated capsaicin in wei-
ght maintenance and showed that sustained
fat oxidation and weight maintenance was
greater in the intervention group compared
to placebo (16). The increase in oxygen con-
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sumption (VO, ) reflects energy expenditure
and plays a role in weight loss. Inoue et al (17)
concluded that 10 mg/kg/pc/day of capsaicin
for 4 weeks tended to reduce weight, due to a
significant increase in VO2 (17). Corrobora-
ting these findings, additional clinical studies
have shown that 9 mg of capsaicin for 8 weeks
increased thermogenesis (18). Kang et al. (19)
reported that capsaicin is associated with the
inactivation of nuclear factor-kB (NF-xB) and
the activation of peroxisome proliferator-acti-
vated receptor-y (PPARY), which can modu-
late the function of adipocytes in the adipose
tissue of obese people, as well as suppressing
the inflammatory responses of adipose tis-
sue macrophages, which are independent of
TRPV1 (19).

GREEN TEA

Habitual tea consumption can have posi-
tive effects on anthropometric variables. This
was shown in a large cross-sectional study of
1210 adults (20). In addition, cohort studies
suggest that a higher intake of green tea ca-
techins is associated with a lower increase in
BMI in women followed over a 14-year period
(21). Adipose tissue is made up of adipocytes,
classified into two main categories: brown
adipose tissue (BAT) and white adipose tissue
(WAT) (22)and plays a crucial role in energy
metabolism (23). TAM is characterized by its
high mitochondrial content, through the un-
coupling protein 1 (UCP1), which is impor-
tant for thermogenesis (24). The TAB, on the
other hand, serves as a storage site for lipids in
the form of triglycerides (TG), which can be
used during periods of energy demand (25).
Experimental studies have shown the effects
of green tea extract on visceral fat and hepatic
triacylglycerol (26)while others confirm that
it can induce a significantly higher expres-
sion of UCP1 in brown adipocytes, due to its
high content of catechins, which is reflected
in thermogenesis (27). AMP-activated protein
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kinase (AMPK) regulates energy homeosta-
sis and fatty acid oxidation in the liver (28).
Obesity, caused by energy imbalance, not only
aggravates metabolic disorders, but also re-
duces AMPK activity (29). Increased AMPK
activity reduces hepatic triglycerides (TG)
and negatively regulates lipogenic genes, as
well as stimulating B-oxidation of fatty acids
(28, 30). Green tea extract activates AMPK
(31)and negatively regulates the expression
of cells that positively regulate UCP2 expres-
sion, activating AMPK in the liver (32). Kim
et al (33)reported that EGCG can inhibit lipid
accumulation in mature adipocytes, exerting
an anti-obesity effect through the expression
of UCP1 (33). Complementary studies have
concluded that green tea can prevent obesity
by increasing energy expenditure, as well as
increasing fatty acid oxidation (34).

MAGNESIUM

Physical inactivity has been associated
with an increased risk of various diseases and
is considered one of the main causes of pre-
ventable death (35, 36). Reduced amounts of
muscle mass are associated with increased
mortality (37). Recent studies suggest that
magnesium intake may regulate the expres-
sion of inflammation and muscle mass, which
are risk factors for cardiometabolic diseases
(38). Magnesium (Mg) is involved in impor-
tant processes, and its deficiency is associated
with metabolic conditions such as sarcopenia,
osteoporosis, neuromuscular disorders and
arrhythmias (38). Chronically low levels of Mg
induce inflammation through the imbalance
of calcium homeostasis, oxidative stress and
mitochondrial apoptosis, which results in the
activation of cytokines (39). Studies in adult
populations suggest an inverse association
between magnesium intake and cardiometa-
bolic risk, including inflammation and mus-
cle loss (40). A large meta-analysis included
24,473 adults and suggested that magnesium
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Figure 1. Possible synergistic mechanisms of mixed capsaicin, green tea and magnesium supplementation

on cardiovascular health markers and muscle mass.

can positively regulate health through impro-
ved muscle activity (41). These findings are
reinforced by experimental studies in which
magnesium deficiency increased inflamma-
tion and reduced protein synthesis. (42-44).
Other studies corroborate these inferences. A
20-year longitudinal study of 4,497 Americans
concluded that lower magnesium intake was
associated with greater systemic inflamma-
tion (45). Meta-analyses, including studies
with more than 30,000 volunteers, have con-
firmed these statements (40, 41). From the age
of 30, muscle mass tends to decrease at a rate
of 1% per year (46). The reduction in muscle
mass reduces the ability to perform activities
and promotes general dependence in those
affected (47)increasing the number of falls,
hospitalizations and mortality (48). The im-
balance between the production of free radi-
cals and antioxidant defenses is a predictor of
muscle mass loss (49). Increased ROS produc-
tion in the muscles contributes to age-related

muscle atrophy (50)and proteolysis through
the ubiquitin-proteasome system, resulting in
atrophy (51). Inflammation affects the anabo-
lic-catabolic balance in skeletal muscle cells,
causing a shift towards catabolism, atrophy
and progression of sarcopenia, which is a ma-
jor contributor to functional decline and frail-
ty (52). Both TNF-a and IL-6 induce NF-kB
activation, which in turn activates genes im-
plicated in inflammation, leading to muscle
loss (53).

CONSIDERATIONS

The combination of physical exercise and
a low-calorie diet are the best strategies for
preventing obesity and improving muscle
mass. However, self-modification proposals
are difficult to implement and have lower
adherence in sick populations. In addition,
loss of muscle mass is positively correlated
with mortality and is common in individuals
suffering from obesity, the elderly and those
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with chronic degenerative diseases. Various
lines of research have confirmed that the
chronic inflammation present in fatty adipose
tissue is directly associated with metabolic
diseases and cardiac complications in both
obesity and catabolic situations. On the
other hand, numerous natural compounds
have proven to improve clinical and body

sarcopenia. However, these are generally
analyzed in isolation in the global database.
This justifies our hypothetical opinion on
the possible superior efliciency of mixed
therapy of already effective compounds such
as Capsaicin, Green Tea and Magnesium,
analyzed simultaneously, in the control of
obesity and its associated comorbidities.

parameters and can help treat obesity and

REFERENCES

1. Roberto CA, Swinburn B, Hawkes C, Huang TTK, Costa SA, Ashe M, et al. Patchy progress on obesity prevention: emerging
examples, entrenched barriers, and new thinking. The Lancet. 2015;385(9985):2400-9.

2. Zheng ], Zheng S, Feng Q, Zhang Q, Xiao X. Dietary capsaicin and its anti-obesity potency: from mechanism to clinical
implications. Biosci Rep. 2017;37(3).

3. Yanovski SZ, Yanovski JA. Long-term drug treatment for obesity: a systematic and clinical review. Jama. 2014;311(1):74-86.

4. Gupta S, Wang Z. Treatment satisfaction with different weight loss methods among respondents with obesity. Clinical obesity.
2016;6(2):161-70.

5. Dietrich MO, Horvath TL. Limitations in anti-obesity drug development: the critical role of hunger-promoting neurons.
Nature reviews Drug discovery. 2012;11(9):675-91.

6. Manigault KR, Thurston MM. Liraglutide: a glucagon-like peptide-1 agonist for chronic weight management. The Consultant
Pharmacist®. 2016;31(12):685-97.

7. Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists: efficacy and safety in diabetes and beyond. Drugs in
context. 2015;4.

8. Hanipah ZN, Schauer PR. Surgical treatment of obesity and diabetes. Gastrointest Endosc Clin N Am. 2017;27(2):191-211.

9. Torres-Fuentes C, Schellekens H, Dinan TG, Cryan JE A natural solution for obesity: Bioactives for the prevention and
treatment of weight gain. A review. Nutritional neuroscience. 2015;18(2):49-65.

10. Varghese S, Kubatka P, Rodrigo L, Gazdikova K, Caprnda M, Fedotova J, et al. Chili pepper as a body weight-loss food.
International journal of food sciences and nutrition. 2017;68(4):392-401.

11. Richards BL, Whittle SL, Buchbinder R. Neuromodulators for pain management in rheumatoid arthritis. Cochrane Database
of Systematic Reviews. 2012(1).

12. Dairam A, Fogel R, Daya S, Limson JL. Antioxidant and iron-binding properties of curcumin, capsaicin, and S-allylcysteine
reduce oxidative stress in rat brain homogenate. Journal of agricultural and food chemistry. 2008;56(9):3350-6.

13. Martel J, Ojcius DM, Chang C-J, Lin C-S, Lu C-C, Ko Y-E et al. Anti-obesogenic and antidiabetic effects of plants and
mushrooms. Nature Reviews Endocrinology. 2017;13(3):149-60.

14. Wahlqvist ML, Wattanapenpaiboon N. Hot foods—unexpected help with energy balance? the Lancet. 2001;358(9279):348-9.

15. Snitker S, Fujishima Y, Shen H, Ott S, Pi-Sunyer X, Furuhata Y, et al. Effects of novel capsinoid treatment on fatness and energy
metabolism in humans: possible pharmacogenetic implications. The American journal of clinical nutrition. 2009;89(1):45-50.

16. Lejeune MPGM, Kovacs EMR, Westerterp-Plantenga MS. Effect of capsaicin on substrate oxidation and weight maintenance
after modest body-weight loss in human subjects. British Journal of Nutrition. 2003;90(3):651-9.




17. Inoue N, Matsunaga Y, Satoh H, Takahashi M. Enhanced energy expenditure and fat oxidation in humans with high BMI
scores by the ingestion of novel and non-pungent capsaicin analogues (capsinoids). Bioscience, biotechnology, and biochemistry.
2007;71(2):380-9.

18. Nirengi S, Homma T, Inoue N, Sato H, Yoneshiro T, Matsushita M, et al. Assessment of human brown adipose tissue density
during daily ingestion of thermogenic capsinoids using near-infrared time-resolved spectroscopy. Journal of biomedical optics.
2016;21(9):091305-.

19. Kang J-H, Kim C-S, Han I-S, Kawada T, Yu R. Capsaicin, a spicy component of hot peppers, modulates adipokine gene
expression and protein release from obese-mouse adipose tissues and isolated adipocytes, and suppresses the inflammatory
responses of adipose tissue macrophages. FEBS letters. 2007;581(23):4389-96.

20. Wu CH, Lu FH, Chang CS, Chang TC, Wang RH, Chang CJ. Relationship among habitual tea consumption, percent body
fat, and body fat distribution. Obesity research. 2003;11(9):1088-95.

21. Hughes LAE, Arts ICW, Ambergen T, Brants HAM, Dagnelie PC, Goldbohm RA, et al. Higher dietary flavone, flavonol, and
catechin intakes are associated with less of an increase in BMI over time in women: a longitudinal analysis from the Netherlands
Cohort Study. The American journal of clinical nutrition. 2008;88(5):1341-52.

22. Vitali A, Murano I, Zingaretti MC, Frontini A, Ricquier D, Cinti S. The adipose organ of obesity-prone C57BL/6] mice is
composed of mixed white and brown adipocytes. Journal of lipid research. 2012;53(4):619-29.

23. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. The Journal of Clinical Endocrinology & Metabolism.
2004;89(6):2548-56.

24. Cannon B, Nedergaard JAN. Brown adipose tissue: function and physiological significance. Physiological reviews. 2004.
25. Sakers A, De Siqueira MK, Seale P, Villanueva CJ. Adipose-tissue plasticity in health and disease. Cell. 2022;185(3):419-46.
26. Ikeda I, Hamamoto R, Uzu K, Imaizumi K, Nagao K, Yanagita T, et al. Dietary gallate esters of tea catechins reduce deposition
of visceral fat, hepatic triacylglycerol, and activities of hepatic enzymes related to fatty acid synthesis in rats. Bioscience,

biotechnology, and biochemistry. 2005;69(5):1049-53.

27.Im H, Lee ], Kim K, Son Y, Lee Y-H. Anti-obesity effects of heat-transformed green tea extract through the activation of
adipose tissue thermogenesis. Nutrition & metabolism. 2022;19(1):14.

28. Foretz M, Even PC, Viollet B. AMPK activation reduces hepatic lipid content by increasing fat oxidation in vivo. International
journal of molecular sciences. 2018;19(9):2826.

29. Garcia D, Hellberg K, Chaix A, Wallace M, Herzig S, Badur MG, et al. Genetic liver-specific AMPK activation protects
against diet-induced obesity and NAFLD. Cell reports. 2019;26(1):192-208.

30. Patterson AD, Shah YM, Matsubara T, Krausz KW, Gonzalez FJ. Peroxisome proliferator-activated receptor alpha induction
of uncoupling protein 2 protects against acetaminophen-induced liver toxicity. Hepatology. 2012;56(1):281-90.

31. Santamarina AB, Oliveira JL, Silva FP, Carnier J, Mennitti LV, Santana AA, et al. Green tea extract rich in epigallocatechin-3-
gallate prevents fatty liver by AMPK activation via LKBI in mice fed a high-fat diet. PloS one. 2015;10(11):e0141227.

32. Torres LE, Cogliati B, Otton R. Green tea prevents NAFLD by modulation of miR-34a and miR-194 expression in a high-fat
diet mouse model. Oxidative medicine and cellular longevity. 2019;2019(1):4168380.

33. Kim HS, Moon JH, Kim YM, Huh JY. Epigallocatechin Exerts Anti-Obesity Effect in Brown Adipose Tissue. Chemistry &
Biodiversity. 2019;16(10):e1900347.

34. Kim J, Han D, Lee MS, Lee J, Kim IH, Kim Y. Green Tea and Java Pepper Mixture Prevents Obesity by Increasing Energy
Expenditure and Modulating Hepatic AMPK/MicroRNA-34a/370 Pathway in High-Fat Diet-Fed Rats. Antioxidants (Basel).
2023;12(5).

35. Booth FW, Roberts CK, Thyfault JP, Ruegsegger GN, Toedebusch RG. Role of inactivity in chronic diseases: evolutionary
insight and pathophysiological mechanisms. Physiological reviews. 2017.




36. Strain T, Brage S, Sharp §J, Richards J, Tainio M, Ding D, et al. Use of the prevented fraction for the population to determine
deaths averted by existing prevalence of physical activity: a descriptive study. The Lancet Global Health. 2020;8(7):€920-e30.

37. Burrows R, Correa-Burrows P, Reyes M, Blanco E, Albala C, Gahagan S. Low muscle mass is associated with cardiometabolic
risk regardless of nutritional status in adolescents: A cross-sectional study in a Chilean birth cohort. Pediatric diabetes.
2017;18(8):895-902.

38. Dong Y, Chen L, Gutin B, Huang Y, Zhu H. Magnesium Intake, C-Reactive Protein, and Muscle Mass in Adolescents.
Nutrients. 2022;14(14).

39. Liu M, Dudley Jr SC. Magnesium, oxidative stress, inflammation, and cardiovascular disease. Antioxidants. 2020;9(10):907.

40. Dibaba DT, Xun P, He K. Dietary magnesium intake is inversely associated with serum C-reactive protein levels: meta-
analysis and systematic review. European journal of clinical nutrition. 2014;68(4):510-6.

41. Dibaba DT, Xun P, Fly AD, Yokota K, He K. Dietary magnesium intake and risk of metabolic syndrome: a meta-analysis.
Diabetic Medicine. 2014;31(11):1301-9.

42. Malpuech-Brugere C, Nowacki W, Daveau M, Gueux E, Linard C, Rock E, et al. Inflammatory response following acute
magnesium deficiency in the rat. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease. 2000;1501(2-3):91-8.

43. Menaker W, Kleiner IS. Effect of deficiency of magnesium and other minerals on protein synthesis. Proceedings of the
Society for Experimental Biology and Medicine. 1952;81(2):377-8.

44. Mazur A, Maier JAM, Rock E, Gueux E, Nowacki W, Rayssiguier Y. Magnesium and the inflammatory response: potential
physiopathological implications. Archives of biochemistry and biophysics. 2007;458(1):48-56.

45. Kim DJ, Xun P, Liu K, Loria C, Yokota K, Jacobs Jr DR, et al. Magnesium intake in relation to systemic inflammation, insulin
resistance, and the incidence of diabetes. Diabetes care. 2010;33(12):2604-10.

46. Li Cw, Yu K, Shyh-Chang N, Jiang Z, Liu T, Ma S, et al. Pathogenesis of sarcopenia and the relationship with fat mass:
descriptive review. Journal of cachexia, sarcopenia and muscle. 2022;13(2):781-94.

47. Consitt LA, Dudley C, Saxena G. Impact of endurance and resistance training on skeletal muscle glucose metabolism in
older adults. Nutrients. 2019;11(11):2636.

48. Billot M, Calvani R, Urtamo A, Sanchez-Sanchez JL, Ciccolari-Micaldi C, Chang M, et al. Preserving mobility in older
adults with physical frailty and sarcopenia: opportunities, challenges, and recommendations for physical activity interventions.
Clinical interventions in aging. 2020:1675-90.

49. Delrieu L, Martin A, Touillaud M, Pérol O, Morelle M, Febvey-Combes O, et al. Sarcopenia and serum biomarkers of
oxidative stress after a 6-month physical activity intervention in women with metastatic breast cancer: results from the ABLE
feasibility trial. Breast Cancer Research and Treatment. 2021;188(3):601-13.

50. Kadoguchi T, Shimada K, Miyazaki T, Kitamura K, Kunimoto M, Aikawa T, et al. Promotion of oxidative stress is associated
with mitochondrial dysfunction and muscle atrophy in aging mice. Geriatrics & Gerontology International. 2020;20(1):78-84.

51. Tang H, Inoki K, Brooks SV, Okazawa H, Lee M, Wang J, et al. mTORCI underlies age-related muscle fiber damage and loss
by inducing oxidative stress and catabolism. Aging cell. 2019;18(3):e12943.

52. Baylis D, Bartlett DB, Syddall HE, Ntani G, Gale CR, Cooper C, et al. Immune-endocrine biomarkers as predictors of frailty
and mortality: a 10-year longitudinal study in community-dwelling older people. Age. 2013;35:963-71.

53. Angulo J, El Assar M, Rodriguez-Manas L. Frailty and sarcopenia as the basis for the phenotypic manifestation of chronic
diseases in older adults. Molecular aspects of medicine. 2016;50:1-32.

37. Burrows R, Correa-Burrows P, Reyes M, Blanco E, Albala C, Gahagan S. Low muscle mass is associated with cardiometabolic
risk regardless of nutritional status in adolescents: A cross-sectional study in a Chilean birth cohort. Pediatric diabetes.
2017;18(8):895-902.




38. Dong Y, Chen L, Gutin B, Huang Y, Zhu H. Magnesium Intake, C-Reactive Protein, and Muscle Mass in Adolescents.
Nutrients. 2022;14(14).

39. Liu M, Dudley Jr SC. Magnesium, oxidative stress, inflammation, and cardiovascular disease. Antioxidants. 2020;9(10):907.

40. Dibaba DT, Xun P, He K. Dietary magnesium intake is inversely associated with serum C-reactive protein levels: meta-
analysis and systematic review. European journal of clinical nutrition. 2014;68(4):510-6.

41. Dibaba DT, Xun P, Fly AD, Yokota K, He K. Dietary magnesium intake and risk of metabolic syndrome: a meta-analysis.
Diabetic Medicine. 2014;31(11):1301-9.

42. Malpuech-Brugere C, Nowacki W, Daveau M, Gueux E, Linard C, Rock E, et al. Inflammatory response following acute
magnesium deficiency in the rat. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease. 2000;1501(2-3):91-8.

43. Menaker W, Kleiner IS. Effect of deficiency of magnesium and other minerals on protein synthesis. Proceedings of the
Society for Experimental Biology and Medicine. 1952;81(2):377-8.

44. Mazur A, Maier JAM, Rock E, Gueux E, Nowacki W, Rayssiguier Y. Magnesium and the inflammatory response: potential
physiopathological implications. Archives of biochemistry and biophysics. 2007;458(1):48-56.

45. Kim DJ, Xun P, Liu K, Loria C, Yokota K, Jacobs Jr DR, et al. Magnesium intake in relation to systemic inflammation, insulin
resistance, and the incidence of diabetes. Diabetes care. 2010;33(12):2604-10.

46. Li Cw, Yu K, Shyh-Chang N, Jiang Z, Liu T, Ma S, et al. Pathogenesis of sarcopenia and the relationship with fat mass:
descriptive review. Journal of cachexia, sarcopenia and muscle. 2022;13(2):781-94.

47. Consitt LA, Dudley C, Saxena G. Impact of endurance and resistance training on skeletal muscle glucose metabolism in
older adults. Nutrients. 2019;11(11):2636.

48. Billot M, Calvani R, Urtamo A, Sanchez-Sanchez JL, Ciccolari-Micaldi C, Chang M, et al. Preserving mobility in older
adults with physical frailty and sarcopenia: opportunities, challenges, and recommendations for physical activity interventions.
Clinical interventions in aging. 2020:1675-90.

49. Delrieu L, Martin A, Touillaud M, Pérol O, Morelle M, Febvey-Combes O, et al. Sarcopenia and serum biomarkers of
oxidative stress after a 6-month physical activity intervention in women with metastatic breast cancer: results from the ABLE
feasibility trial. Breast Cancer Research and Treatment. 2021;188(3):601-13.

50. Kadoguchi T, Shimada K, Miyazaki T, Kitamura K, Kunimoto M, Aikawa T, et al. Promotion of oxidative stress is associated
with mitochondrial dysfunction and muscle atrophy in aging mice. Geriatrics & Gerontology International. 2020;20(1):78-84.

51. Tang H, Inoki K, Brooks SV, Okazawa H, Lee M, Wang J, et al. mTORCI underlies age-related muscle fiber damage and loss
by inducing oxidative stress and catabolism. Aging cell. 2019;18(3):e12943.

52. Baylis D, Bartlett DB, Syddall HE, Ntani G, Gale CR, Cooper C, et al. Immune-endocrine biomarkers as predictors of frailty
and mortality: a 10-year longitudinal study in community-dwelling older people. Age. 2013;35:963-71.

53. Angulo J, El Assar M, Rodriguez-Manas L. Frailty and sarcopenia as the basis for the phenotypic manifestation of chronic
diseases in older adults. Molecular aspects of medicine. 2016;50:1-32.




