
WÓJCIKIEWICZ, Michalina, KULBACKA, Julia, CZYŻ, Witold, KACPERCZYK, Julia, DZIEDZIC, Karol, CHUNCIA-
ILECZKO, Marta, WOJSZCZYK, Maciej, ZYS, Damian, PASEK, Piotr, RYNIECKA, Julia, CZAJA, Wiktor and KRZCIUK,
Michał. The potential impact of glycine supplementation on the process of aging. Quality in Sport. 2025;38:57686. eISSN 2450-3118.
https://doi.org/10.12775/QS.2025.38.57686
https://apcz.umk.pl/QS/article/view/57686

The journal has been 20 points in the Ministry of Higher Education and Science of Poland parametric evaluation. Annex to the
announcement of the Minister of Higher Education and Science of 05.01.2024. No. 32553.
Has a Journal's Unique Identifier: 201398. Scientific disciplines assigned: Economics and finance (Field of social sciences); Management
and Quality Sciences (Field of social sciences).
Punkty Ministerialne z 2019 - aktualny rok 20 punktów. Załącznik do komunikatu Ministra Szkolnictwa Wyższego i Nauki z dnia
05.01.2024 r. Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398.
Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk społecznych); Nauki o zarządzaniu i jakości (Dziedzina nauk
społecznych).
© The Authors 2025;
This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland
Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium, provided the original author (s) and source are credited. This is an open
access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any
medium, provided the work is properly cited.
The authors declare that there is no conflict of interests regarding the publication of this paper.
Received: 09.01.2025. Revised: 27.01.2025. Accepted: 30.01.2025 Published: 01.02.2025.

1

The potential impact of glycine supplementation on the process of aging

Authors:

1. Michalina Wójcikiewicz lek.

Central Teaching Hospital of the Medical University of Lodz,

Pomorska 251, 92-213 Lodz, Poland

E-mail: michalinawojcikiewicz@gmail.com

ORCID: 0009-0003-3671-1410

2. Julia Kulbacka, lek.

Central Teaching Hospital of the Medical University of Lodz,

Pomorska 251, 92-213 Lodz, Poland

e-mail: julia.kulbacka@o2.pl

ORCID: 0009-0005-1181-9104

mailto:michalinawojcikiewicz@gmail.com
https://orcid.org/0009-0005-1181-9104
https://doi.org/10.12775/QS.2025.38.57686
https://apcz.umk.pl/QS/article/view/57686


2

3. Witold Czyż, dr n. med.

Central Teaching Hospital of the Medical University of Łódź

ul. Pomorska 251, 92-213 Łódź, Polska

E-mail: witoldczyz@googlemail.com

ORCID: 0009-0006-4442-9900

4. Julia Kacperczyk

Medical University of Łódź

al. T. Kościuszki 4, 90–419 Łódź, Polska

E-mail: jwkacperczyk@gmail.com

ORCID: 0009-0007-6354-301X

5. Karol Dziedzic

Medical University of Łódź

al. T. Kościuszki 4, 90-419 Łódź, Polska

E-mail: karol.dziedzic@stud.umed.lodz.pl

ORCID: 0009-0007-8317-723X

6. Marta Chuncia-Ileczko

Central Teaching Hospital of the Medical University of Łódź

ul. Pomorska 251, 92-213 Łódź, Polska

E-mail: marta.chuncia@gmail.com

ORCID: 0009-0000-0913-9752

7. Maciej Wojszczyk, lek.

University Clinical Hospital No.1 of the Medical University of Łódź

ul. Kopcińskiego 22, 90-153 Łódź, Polska

E-mail: maciej.wojszczyk@gmail.com

ORCID: 0009-0002-8668-8821

mailto:witoldczyz@googlemail.com
mailto:jwkacperczyk@gmail.com
mailto:karol.dziedzic@stud.umed.lodz.pl
mailto:marta.chuncia@gmail.com
mailto:maciej.wojszczyk@gmail.com


3

8. Damian Zys, lek.

University Clinical Hospital No.1 of the Medical University of Łódź

ul. Kopcińskiego 22, 90-153 Łódź, Polska

E-mail: damian.zys@icloud.com

ORCID: 0009-0003-6578-6710

9. Piotr Pasek, lek.

Copernicus Memorial Hospital

ul. Pabianicka 62, 93-513 Łódź, Polska

E-mail: pasek.piotrus@gmail.com

ORCID: 0009-0001-6218-9887

10. Julia Ryniecka

Medical University of Łódź

al. T. Kościuszki 4, 90-419 Łódź, Polska

E-mail: juliaryniecka@gmail.com

ORCID: 0009-0000-5937-9498

11.Wiktor Czaja

Pomeranian Medical University in Szczecin

Rybacka Street 1, 70-204 Szczecin, Poland

E-mail: wiktorcz3226@gmail.com

ORCID: 0009-0004-6221-2954
12.Michał Krzciuk

Pomeranian Medical University in Szczecin

Rybacka Street 1, 70-204 Szczecin, Poland

E-mail: micalle76@gmail.com
ORCID: 0009-0004-2230-3456

mailto:damian.zys@icloud.com
mailto:pasek.piotrus@gmail.com
mailto:juliaryniecka@gmail.com
mailto:wiktorcz3226@gmail.com
mailto:micalle76@gmail.com


4

The potential impact of glycine supplementation on the process of aging

Abstract

Aging is a multifactorial process characterized by the progressive loss of cellular integrity,
metabolic flexibility, mitochondrial function, and the gradual accumulation of oxidative and
inflammatory damage. These changes increase vulnerability to age-related disorders,
including cardiovascular disease, neurodegenerative conditions, metabolic syndrome, and
frailty. Glycine, the simplest amino acid, has recently gained attention as a potential
nutritional and therapeutic intervention to modulate various pathways implicated in aging.
Beyond its structural role in collagen and other proteins, glycine is a critical precursor for
glutathione- an essential intracellular antioxidant- plays a role in neurotransmission, and is
involved in the synthesis of heme, creatine, and bile acids. Emerging studies suggest that
glycine supplementation may alleviate oxidative stress, dampen chronic low-grade
inflammation, improve insulin sensitivity, enhance mitochondrial function, and even mimic
aspects of methionine restriction- a dietary approach known to extend lifespan in animal
models. These combined effects may help preserve physiological function, slow the onset of
age-associated diseases, and promote healthspan. Nevertheless, the evidence base is still
evolving; most current data derive from animal models, in vitro experiments, and limited
human trials. Rigorous, long-term, randomized controlled studies are needed to identify
optimal dosing, determine long-term safety, and clarify whether glycine can be strategically
leveraged as an anti-aging nutrient. If confirmed, glycine’s safety, affordability, and
accessibility may make it a compelling option for improving the quality of aging worldwide.

Keywords: glycine, aging, longevity, oxidative stress, inflammation, mitochondria,
glutathione, metabolic health, safety, bioavailability

Introduction

Aging is a universal biological phenomenon that results in progressive functional declines,
reduced adaptability, and increased susceptibility to chronic diseases [1,2]. It arises from
complex interactions of genetic, environmental, and lifestyle factors that collectively affect
cellular maintenance and repair systems. Key molecular hallmarks of aging include genomic
instability, telomere attrition, epigenetic alterations, loss of proteostasis, dysregulated nutrient
sensing, mitochondrial dysfunction, cellular senescence, stem cell exhaustion, and altered

h
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intercellular communication [3]. These processes lead to compromised organ function and the
manifestation of age-related pathologies- cardiovascular diseases, type 2 diabetes,
neurodegenerative disorders, osteoarthritis, and various cancers.

Nutritional interventions represent a promising avenue for mitigating aspects of aging and
extending healthspan. Among them, amino acids- beyond their role as building blocks of
proteins—serve as signaling molecules, precursors to critical metabolites, and regulators of
metabolic pathways linked to longevity. Glycine, notable for its simplicity and versatility,
stands out due to its involvement in multiple biochemical and physiological processes
essential for maintaining cellular homeostasis [4,5]. Emerging research highlights glycine’s
potential to influence aging pathways through modulation of oxidative stress, inflammation,
mitochondrial function, insulin sensitivity, and amino acid balance-mfactors intimately
connected to both lifespan and healthspan [6, 7, 8, 9, 10, 11].

This review integrates current knowledge on glycine’s roles relevant to aging, drawing from
animal studies, mechanistic research, and early clinical evidence. We discuss how glycine
may impact oxidative stress, inflammation, mitochondrial performance, metabolic health, and
pathways influenced by amino acid balance. By exploring these mechanisms, we aim to
provide a framework for future research and clinical trials, ultimately determining whether
glycine could become a pragmatic strategy for promoting healthy aging in diverse populations.

Glycine and Oxidative Stress in Aging

Oxidative stress, a condition where the generation of reactive oxygen species (ROS) surpasses
the capacity of antioxidant defenses, is recognized as a fundamental contributor to aging and
many age-related diseases [1,2,12]. Excess ROS damage lipids, proteins, and nucleic acids,
leading to molecular dysfunction, cellular senescence, and tissue degeneration. Aging
organisms typically exhibit declining levels of endogenous antioxidants, such as glutathione,
and diminished activity of antioxidant enzymes, including superoxide dismutase and catalase.

Glycine plays a central role in antioxidant defense by serving as a substrate for glutathione
synthesis. Glutathione is a tripeptide (comprising glutamate, cysteine, and glycine) that
detoxifies ROS, repairs oxidative damage, and maintains redox homeostasis [8,10,13]. Studies
show that aging is associated with reduced intracellular glutathione, contributing to
heightened oxidative stress and functional decline [14,15]. Supplementing with glycine, either
alone or in combination with N-acetylcysteine (GlyNAC), has been shown in older adults to
restore glutathione levels, lower oxidative markers, and improve mitochondrial function
[11,16,17,18]. In rodent models, glycine supplementation helps maintain intracellular
glutathione pools, mitigate protein carbonylation, and preserve mitochondrial DNA
integrity—hallmarks of improved cellular resilience against oxidative damage [19,20,21].

By bolstering the antioxidant network and attenuating oxidative damage, glycine may help
stabilize cellular function, preserve tissue architecture, and slow the progression of aging
phenotypes. Future research should aim to identify optimal doses, durations, and
combinations of glycine with other nutrients or lifestyle interventions to maximize its
antioxidant benefits.

h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h
h


6

Inflammation, Immune Function, and Glycine

Chronic low-grade inflammation, often termed “inflammaging,” is a pervasive characteristic
of the aging process [1,22]. This inflammatory milieu stems from multiple sources:
accumulating senescent cells that secrete pro-inflammatory cytokines, dysbiosis in the gut
microbiome, impaired immune surveillance, and metabolic stress. Persistent inflammation not
only accelerates tissue damage but also contributes to the onset and progression of age-related
diseases such as atherosclerosis, sarcopenia, frailty, and neurodegenerative disorders.

Glycine has demonstrated anti-inflammatory properties across various models [23,24].
Experimental evidence suggests that glycine can inhibit the activation of NF-κB- a key
transcription factor driving pro-inflammatory cytokine expression- thereby reducing the
secretion of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and other mediators of
chronic inflammation [25,26,27,28]. In animal studies, dietary glycine attenuates systemic
inflammation caused by endotoxins or high-fat diets, improving survival and metabolic
outcomes [25,29]. Glycine may also modulate macrophage polarization, promoting an anti-
inflammatory M2 phenotype, and help maintain gut barrier integrity, reducing the
translocation of endotoxins from the gut lumen into circulation [30,31].

If glycine’s anti-inflammatory actions hold true in long-term human studies, supplementation
may help alleviate the inflammatory burden that accelerates aging. By mitigating
inflammaging, glycine could indirectly support healthier immune function, better muscle
maintenance, and improved metabolic outcomes- translating to enhanced vitality and
resilience in older populations.

Mitochondrial Health and Bioenergetics

Mitochondria are central hubs of energy production, cellular signaling, and metabolic
regulation. With aging, mitochondria become less efficient, accumulate damage, and produce
more ROS, perpetuating a cycle of declining function and increased oxidative stress [3,32,33].
Interventions that preserve mitochondrial integrity and functionality may slow the aging
process and reduce the incidence of age-related diseases.

Glycine contributes to mitochondrial health in several ways. It is required for the synthesis of
heme, a critical component of cytochromes involved in the electron transport chain. Adequate
glycine levels support proper electron transport, reducing the electron leak that generates ROS
[27,34]. Studies have found that glycine supplementation can improve mitochondrial protein
quality control, enhance ATP production, and mitigate mitochondrial DNA damage in
experimental models [28,30,35,36,37]. By maintaining a more efficient oxidative
phosphorylation, cells can sustain better energy supply, maintain redox balance, and resist
functional decline.
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Additionally, glycine may influence mitochondrial biogenesis and autophagy, crucial
processes for the replacement of damaged mitochondria with healthy ones [36,38]. Although
human data remain sparse, these findings offer a strong biological rationale for glycine’s
potential to preserve mitochondrial function, a cornerstone of healthy aging.

Glycine, Metabolic Health, and Insulin Sensitivity

Metabolic dysregulation is a hallmark of aging, manifesting as insulin resistance, central
adiposity, and impaired lipid handling [1,32,39]. Such changes predispose individuals to type
2 diabetes, cardiovascular disease, and diminished physical performance. Nutrient
interventions that improve insulin sensitivity, enhance glucose uptake, and normalize lipid
metabolism may thus slow metabolic aging and improve healthspan.

Glycine has emerged as a potential modulator of metabolic health. Animal and human studies
suggest that glycine supplementation can improve insulin sensitivity, reduce circulating free
fatty acids, lower triglycerides, and improve glucose tolerance [12,13,14,18,40]. Glycine may
enhance adiponectin levels—an adipokine associated with improved insulin action—and
modulate hepatic lipid metabolism, reducing the risk of nonalcoholic fatty liver disease
[35,36,40,41,]. By ameliorating metabolic stress, glycine could help prevent or delay the onset
of metabolic syndrome, a cluster of risk factors that become more prevalent with advancing
age.

Restoring metabolic flexibility may also support skeletal muscle health, protect against
sarcopenia, and maintain cognitive function—parameters strongly linked to well-being in
older adults. Large-scale human trials are warranted to confirm whether sustained glycine
supplementation can reliably improve metabolic endpoints and translate into tangible clinical
benefits for aging populations.

Methionine Restriction, Glycine Balance, and Longevity

Methionine restriction, reducing dietary intake of the sulfur-containing amino acid methionine,
is one of the most robust dietary interventions that extend lifespan and delay age-related
diseases in several animal models [16,17,38]. By altering methionine metabolism, these
interventions improve redox balance, modulate mTOR signaling, and enhance stress
resistance. Intriguingly, glycine supplementation has been shown to partially replicate certain
metabolic shifts seen with methionine restriction, potentially by balancing methylation
reactions and supporting proper one-carbon metabolism [16,18,37].

This suggests that the ratio of glycine to methionine intake may be critical for optimizing
metabolic health and extending lifespan. While direct evidence linking glycine
supplementation alone to increased human longevity is limited, understanding how glycine
interacts with dietary methionine and other nutrients could guide personalized dietary
strategies aimed at healthy aging [42]. Further mechanistic studies and controlled feeding
trials are needed to determine whether modulating the glycine-methionine axis can produce
clinically meaningful enhancements in lifespan and healthspan.
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Safety and Bioavailability

From a safety perspective, glycine is generally well-tolerated, with a long history of dietary
exposure as it is abundant in collagen-rich foods (e.g., gelatin, bone broth) and commonly
consumed at lower doses in regular diets [9,15,39]. Clinical trials using glycine or GlyNAC
have reported minimal adverse effects, even with doses up to 15 g/day [11,16,43]. Glycine’s
small molecular size and neutral characteristics promote its rapid intestinal absorption and
distribution to tissues. Its endogenous production and dietary presence also minimize the risk
of toxicity compared to synthetic pharmacological agents.

Nevertheless, large, long-term human studies in older adults are required to confirm its safety
over extended periods. Researchers must also consider potential interactions with medications
(e.g., diabetes drugs, antihypertensives), as improving metabolic parameters may necessitate
adjustments in drug regimens. Such evaluations will ensure that glycine supplementation
strategies are not only effective but also safe for widespread application.

Current Limitations and Future Directions

While the theoretical framework and preliminary data supporting glycine’s role in mitigating
aging-related changes are compelling, several limitations constrain our current understanding.
Much of the evidence is derived from preclinical models—rodents, cell culture systems, or
short-term human pilot studies with limited sample sizes [10,11,20,21]. Standardized dosing
regimens, participant stratification (e.g., by age, baseline health, genetic factors), and more
sensitive biomarkers of aging are lacking in the current literature.

Future research should prioritize well-designed, randomized, controlled trials in diverse
human populations. Incorporating biomarkers of cellular aging, such as epigenetic clocks,
proteomic or metabolomic signatures, and functional outcomes relevant to daily living and
longevity (e.g., muscle strength, cognitive performance, cardiovascular fitness), will provide
more direct evidence of glycine’s impact on aging trajectories [40,44,45,46]. Comparative
studies examining interactions with other dietary interventions—such as calorie restriction,
intermittent fasting, or supplementation with other amino acids—could help identify
synergistic strategies.

Additionally, mechanistic explorations using modern omics technologies and CRISPR-based
gene editing in model organisms may clarify how glycine influences signaling pathways
relevant to aging. Such approaches will help establish whether glycine’s anti-aging effects can
be generalized or if they depend on individual metabolic phenotypes.

Conclusions

Glycine’s multifaceted roles in antioxidant defense, anti-inflammatory modulation,
mitochondrial maintenance, and metabolic regulation position it as a promising candidate for
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promoting healthier aging. While definitive human studies linking glycine supplementation to
slowed aging or extended lifespan remain sparse, the converging lines of evidence from
animal research, mechanistic studies, and emerging clinical trials suggest substantial potential.

If ongoing and future investigations confirm glycine’s benefits, this simple amino acid could
become an integral component of nutritional strategies aimed at preserving function, delaying
disease onset, and improving the quality of life in older individuals. Given glycine’s
accessibility, affordability, and safety profile, its integration into broader public health
recommendations and personalized dietary interventions may represent a cost-effective and
widely implementable tool in the pursuit of healthier, more resilient aging.

References
1. L López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of

aging. Cell. 2013 Jun 6;153(6):1194-217. doi: 10.1016/j.cell.2013.05.039. PMID:
23746838; PMCID: PMC3836174.

2. Harman D. Free radical theory of aging: an update: increasing the functional life span.
Ann N Y Acad Sci. 2006 May;1067:10-21. doi: 10.1196/annals.1354.003. PMID:
16803965.

3. Sun N, Youle RJ, Finkel T. The Mitochondrial Basis of Aging. Mol Cell. 2016 Mar
3;61(5):654-666. doi: 10.1016/j.molcel.2016.01.028. PMID: 26942670; PMCID:
PMC4779179.

4. Shoulders MD, Raines RT. Collagen structure and stability. Annu Rev Biochem.
2009;78:929-58. doi: 10.1146/annurev.biochem.77.032207.120833. PMID: 19344236;
PMCID: PMC2846778.

5. Wang W, Wu Z, Dai Z, Yang Y, Wang J, Wu G. Glycine metabolism in animals and
humans: implications for nutrition and health. Amino Acids. 2013 Sep;45(3):463-77.
doi: 10.1007/s00726-013-1493-1. Epub 2013 Apr 25. PMID: 23615880.

6. Li P, Yin YL, Li D, Kim SW, Wu G. Amino acids and immune function. Br J Nutr.
2007 Aug;98(2):237-52. doi: 10.1017/S000711450769936X. Epub 2007 Apr 3. PMID:
17403271.

7. Wu G. Functional amino acids in nutrition and health. Amino Acids. 2013
Sep;45(3):407-11. doi: 10.1007/s00726-013-1500-6. Epub 2013 Apr 18. PMID:
23595206.

8. Dröge W. Oxidative stress and ageing: is ageing a cysteine deficiency syndrome?
Philos Trans R Soc Lond B Biol Sci. 2005 Dec 29;360(1464):2355-72. doi:
10.1098/rstb.2005.1770. PMID: 16321806; PMCID: PMC1569588.

9. Sugiyama K, Ohkawa S, Muramatsu K. Relationship between amino acid composition
of diet and plasma cholesterol level in growing rats fed a high cholesterol diet. J Nutr
Sci Vitaminol (Tokyo). 1986 Aug;32(4):413-23. doi: 10.3177/jnsv.32.413. PMID:
3806255.



10

10. Sekhar RV, Patel SG, Guthikonda AP, Reid M, Balasubramanyam A, Taffet GE, Jahoor
F. Deficient synthesis of glutathione underlies oxidative stress in aging and can be
corrected by dietary cysteine and glycine supplementation. Am J Clin Nutr. 2011
Sep;94(3):847-53. doi: 10.3945/ajcn.110.003483. Epub 2011 Jul 27. PMID: 21795440;
PMCID: PMC3155927.

11. Kumar P, Liu C, Suliburk J, Hsu JW, Muthupillai R, Jahoor F, Minard CG, Taffet GE,
Sekhar RV. Supplementing Glycine and N-Acetylcysteine (GlyNAC) in Older Adults
Improves Glutathione Deficiency, Oxidative Stress, Mitochondrial Dysfunction,
Inflammation, Physical Function, and Aging Hallmarks: A Randomized Clinical Trial.
J Gerontol A Biol Sci Med Sci. 2023 Jan 26;78(1):75-89. doi: 10.1093/gerona/glac135.
PMID: 35975308; PMCID: PMC9879756.

12. El Hafidi M, Pérez I, Zamora J, Soto V, Carvajal-Sandoval G, Baños G. Glycine intake
decreases plasma free fatty acids, adipose cell size, and blood pressure in sucrose-fed
rats. Am J Physiol Regul Integr Comp Physiol. 2004 Dec;287(6):R1387-93. doi:
10.1152/ajpregu.00159.2004. Epub 2004 Aug 26. PMID: 15331379.

13. Cruzat V, Macedo Rogero M, Noel Keane K, Curi R, Newsholme P. Glutamine:
Metabolism and Immune Function, Supplementation and Clinical Translation.
Nutrients. 2018 Oct 23;10(11):1564. doi: 10.3390/nu10111564. PMID: 30360490;
PMCID: PMC6266414.

14. Miller RA, Harrison DE, Astle CM, Bogue MA, Brind J, Fernandez E, Flurkey K,
Javors M, Ladiges W, Leeuwenburgh C, Macchiarini F, Nelson J, Ryazanov AG,
Snyder J, Stearns TM, Vaughan DE, Strong R. Glycine supplementation extends
lifespan of male and female mice. Aging Cell. 2019 Jun;18(3):e12953. doi:
10.1111/acel.12953. Epub 2019 Mar 27. PMID: 30916479; PMCID: PMC6516426.

15. Meléndez-Hevia E, De Paz-Lugo P, Cornish-Bowden A, Cárdenas ML. A weak link in
metabolism: the metabolic capacity for glycine biosynthesis does not satisfy the need
for collagen synthesis. J Biosci. 2009 Dec;34(6):853-72. doi: 10.1007/s12038-009-
0100-9. PMID: 20093739.

16. Kitada M, Ogura Y, Monno I, Xu J, Koya D. Effect of Methionine Restriction on
Aging: Its Relationship to Oxidative Stress. Biomedicines. 2021 Jan 29;9(2):130. doi:
10.3390/biomedicines9020130. PMID: 33572965; PMCID: PMC7911310.

17. Pifferi F, Terrien J, Marchal J, Dal-Pan A, Djelti F, Hardy I, Chahory S, Cordonnier N,
Desquilbet L, Hurion M, Zahariev A, Chery I, Zizzari P, Perret M, Epelbaum J, Blanc
S, Picq JL, Dhenain M, Aujard F. Caloric restriction increases lifespan but affects
brain integrity in grey mouse lemur primates. Commun Biol. 2018 Apr 5;1:30. doi:
10.1038/s42003-018-0024-8. PMID: 30271916; PMCID: PMC6123706.

18. McCarty MF, Barroso-Aranda J, Contreras F. The low-methionine content of vegan
diets may make methionine restriction feasible as a life extension strategy. Med
Hypotheses. 2009 Feb;72(2):125-8. doi: 10.1016/j.mehy.2008.07.044. Epub 2008 Sep
11. PMID: 18789600.



11

19. Jones DP. Radical-free biology of oxidative stress. Am J Physiol Cell Physiol. 2008
Oct;295(4):C849-68. doi: 10.1152/ajpcell.00283.2008. Epub 2008 Aug 6. PMID:
18684987; PMCID: PMC2575825.

20. Sekhar RV. GlyNAC Supplementation Improves Glutathione Deficiency, Oxidative
Stress, Mitochondrial Dysfunction, Inflammation, Aging Hallmarks, Metabolic
Defects, Muscle Strength, Cognitive Decline, and Body Composition: Implications for
Healthy Aging. J Nutr. 2021 Dec 3;151(12):3606-3616. doi: 10.1093/jn/nxab309.
PMID: 34587244.

21. Kumar P, Liu C, Hsu JW, Chacko S, Minard C, Jahoor F, Sekhar RV. Glycine and N-
acetylcysteine (GlyNAC) supplementation in older adults improves glutathione
deficiency, oxidative stress, mitochondrial dysfunction, inflammation, insulin
resistance, endothelial dysfunction, genotoxicity, muscle strength, and cognition:
Results of a pilot clinical trial. Clin Transl Med. 2021 Mar;11(3):e372. doi:
10.1002/ctm2.372. PMID: 33783984; PMCID: PMC8002905.

22. Tan BL, Norhaizan ME, Liew WP, Sulaiman Rahman H. Antioxidant and Oxidative
Stress: A Mutual Interplay in Age-Related Diseases. Front Pharmacol. 2018 Oct
16;9:1162. doi: 10.3389/fphar.2018.01162. PMID: 30405405; PMCID: PMC6204759.

23. Zhong Z, Wheeler MD, Li X, Froh M, Schemmer P, Yin M, Bunzendaul H, Bradford
B, Lemasters JJ. L-Glycine: a novel antiinflammatory, immunomodulatory, and
cytoprotective agent. Curr Opin Clin Nutr Metab Care. 2003 Mar;6(2):229-40. doi:
10.1097/00075197-200303000-00013. PMID: 12589194.

24. Wheeler MD, Ikejema K, Enomoto N, Stacklewitz RF, Seabra V, Zhong Z, Yin M,
Schemmer P, Rose ML, Rusyn I, Bradford B, Thurman RG. Glycine: a new anti-
inflammatory immunonutrient. Cell Mol Life Sci. 1999 Nov 30;56(9-10):843-56. doi:
10.1007/s000180050030. PMID: 11212343; PMCID: PMC11147092.

25. Wang W, Wu Z, Lin G, Hu S, Wang B, Dai Z, Wu G. Glycine stimulates protein
synthesis and inhibits oxidative stress in pig small intestinal epithelial cells. J Nutr.
2014 Oct;144(10):1540-8. doi: 10.3945/jn.114.194001. Epub 2014 Aug 13. Erratum in:
J Nutr. 2016 Sep;146(9):1813. doi: 10.3945/jn.116.236612. PMID: 25122646.

26. Ham DJ, Murphy KT, Chee A, Lynch GS, Koopman R. Glycine administration
attenuates skeletal muscle wasting in a mouse model of cancer cachexia. Clin Nutr.
2014 Jun;33(3):448-58. doi: 10.1016/j.clnu.2013.06.013. Epub 2013 Jun 26. PMID:
23835111.

27. Levi S, Rovida E. The role of iron in mitochondrial function. Biochim Biophys Acta.
2009 Jul;1790(7):629-36. doi: 10.1016/j.bbagen.2008.09.008. Epub 2008 Oct 7. PMID:
18948172.

28. Hasek BE, Stewart LK, Henagan TM, Boudreau A, Lenard NR, Black C, Shin J,
Huypens P, Malloy VL, Plaisance EP, Krajcik RA, Orentreich N, Gettys TW. Dietary
methionine restriction enhances metabolic flexibility and increases uncoupled
respiration in both fed and fasted states. Am J Physiol Regul Integr Comp Physiol.



12

2010 Sep;299(3):R728-39. doi: 10.1152/ajpregu.00837.2009. Epub 2010 Jun 10.
PMID: 20538896; PMCID: PMC2944433.

29. Lv S, Li X, Zhao S, Liu H, Wang H. The Role of the Signaling Pathways Involved in
the Protective Effect of Exogenous Hydrogen Sulfide on Myocardial Ischemia-
Reperfusion Injury. Front Cell Dev Biol. 2021 Aug 30;9:723569. doi:
10.3389/fcell.2021.723569. PMID: 34527675; PMCID: PMC8435706.

30. Kumar P, Osahon OW, Sekhar RV. GlyNAC (Glycine and N-Acetylcysteine)
Supplementation in Old Mice Improves Brain Glutathione Deficiency, Oxidative
Stress, Glucose Uptake, Mitochondrial Dysfunction, Genomic Damage, Inflammation
and Neurotrophic Factors to Reverse Age-Associated Cognitive Decline: Implications
for Improving Brain Health in Aging. Antioxidants (Basel). 2023 May 4;12(5):1042.
doi: 10.3390/antiox12051042. PMID: 37237908; PMCID: PMC10215265.

31. Liu C, Ji L, Hu J, Zhao Y, Johnston LJ, Zhang X, Ma X. Functional Amino Acids and
Autophagy: Diverse Signal Transduction and Application. Int J Mol Sci. 2021 Oct
22;22(21):11427. doi: 10.3390/ijms222111427. PMID: 34768858; PMCID:
PMC8592284.

32. Barzilai N, Huffman DM, Muzumdar RH, Bartke A. The critical role of metabolic
pathways in aging. Diabetes. 2012 Jun;61(6):1315-22. doi: 10.2337/db11-1300. PMID:
22618766; PMCID: PMC3357299.

33. Elshorbagy AK, Valdivia-Garcia M, Refsum H, Butte N. The association of cysteine
with obesity, inflammatory cytokines and insulin resistance in Hispanic children and
adolescents. PLoS One. 2012;7(9):e44166. doi: 10.1371/journal.pone.0044166. Epub
2012 Sep 11. PMID: 22984471; PMCID: PMC3439485.

34. Lê KA, Faeh D, Stettler R, Ith M, Kreis R, Vermathen P, Boesch C, Ravussin E, Tappy
L. A 4-wk high-fructose diet alters lipid metabolism without affecting insulin
sensitivity or ectopic lipids in healthy humans. Am J Clin Nutr. 2006 Dec;84(6):1374-
9. doi: 10.1093/ajcn/84.6.1374. PMID: 17158419.

35. Rom O, Liu Y, Liu Z, Zhao Y, Wu J, Ghrayeb A, Villacorta L, Fan Y, Chang L, Wang
L, Liu C, Yang D, Song J, Rech JC, Guo Y, Wang H, Zhao G, Liang W, Koike Y, Lu H,
Koike T, Hayek T, Pennathur S, Xi C, Wen B, Sun D, Garcia-Barrio MT, Aviram M,
Gottlieb E, Mor I, Liu W, Zhang J, Chen YE. Glycine-based treatment ameliorates
NAFLD by modulating fatty acid oxidation, glutathione synthesis, and the gut
microbiome. Sci Transl Med. 2020 Dec 2;12(572):eaaz2841. doi:
10.1126/scitranslmed.aaz2841. PMID: 33268508; PMCID: PMC7982985.

36. Alves A, Bassot A, Bulteau AL, Pirola L, Morio B. Glycine Metabolism and Its
Alterations in Obesity and Metabolic Diseases. Nutrients. 2019 Jun 16;11(6):1356. doi:
10.3390/nu11061356. PMID: 31208147; PMCID: PMC6627940.

37. Perrone CE, Malloy VL, Orentreich DS, Orentreich N. Metabolic adaptations to
methionine restriction that benefit health and lifespan in rodents. Exp Gerontol. 2013
Jul;48(7):654-60. doi: 10.1016/j.exger.2012.07.005. Epub 2012 Jul 20. PMID:
22819757.



13

38. Miller RA, Buehner G, Chang Y, Harper JM, Sigler R, Smith-Wheelock M.
Methionine-deficient diet extends mouse lifespan, slows immune and lens aging, alters
glucose, T4, IGF-I and insulin levels, and increases hepatocyte MIF levels and stress
resistance. Aging Cell. 2005 Jun;4(3):119-25. doi: 10.1111/j.1474-9726.2005.00152.x.
PMID: 15924568; PMCID: PMC7159399.

39. Soh J, Raventhiran S, Lee JH, Lim ZX, Goh J, Kennedy BK, Maier AB. The effect of
glycine administration on the characteristics of physiological systems in human adults:
A systematic review. Geroscience. 2024 Feb;46(1):219-239. doi: 10.1007/s11357-023-
00970-8. Epub 2023 Oct 18. PMID: 37851316; PMCID: PMC10828290.

40. Horvath S. DNA methylation age of human tissues and cell types. Genome Biol.
2013;14(10):R115. doi: 10.1186/gb-2013-14-10-r115. Erratum in: Genome Biol. 2015
May 13;16:96. doi: 10.1186/s13059-015-0649-6. PMID: 24138928; PMCID:
PMC4015143. methylation biomarkers of aging and longevity. Epigenetics.
2021;16(9):1035-1058. (Context: Biomarkers of aging)

41. Kennedy BK, Berger SL, Brunet A, Campisi J, Cuervo AM, Epel ES, Franceschi C,
Lithgow GJ, Morimoto RI, Pessin JE, Rando TA, Richardson A, Schadt EE, Wyss-
Coray T, Sierra F. Geroscience: linking aging to chronic disease. Cell. 2014 Nov
6;159(4):709-13. doi: 10.1016/j.cell.2014.10.039. PMID: 25417146; PMCID:
PMC4852871.

42. Ables GP, Johnson JE. Pleiotropic responses to methionine restriction. Exp Gerontol.
2017 Aug;94:83-88. doi: 10.1016/j.exger.2017.01.012. Epub 2017 Jan 17. PMID:
28108330.

43. Mihaylova MM, Chaix A, Delibegovic M, Ramsey JJ, Bass J, Melkani G, Singh R,
Chen Z, Ja WW, Shirasu-Hiza M, Latimer MN, Mattison JA, Thalacker-Mercer AE,
Dixit VD, Panda S, Lamming DW. When a calorie is not just a calorie: Diet quality
and timing as mediators of metabolism and healthy aging. Cell Metab. 2023 Jul
11;35(7):1114-1131. doi: 10.1016/j.cmet.2023.06.008. Epub 2023 Jun 30. PMID:
37392742; PMCID: PMC10528391.

44. Oblak L, van der Zaag J, Higgins-Chen AT, Levine ME, Boks MP. A systematic
review of biological, social and environmental factors associated with epigenetic clock
acceleration. Ageing Res Rev. 2021 Aug;69:101348. doi: 10.1016/j.arr.2021.101348.
Epub 2021 Apr 28. PMID: 33930583.

45. Berg JS. Genome-scale sequencing in clinical care: establishing molecular diagnoses
and measuring value. JAMA. 2014 Nov 12;312(18):1865-7. doi:
10.1001/jama.2014.14665. PMID: 25326641.

46. K Sun Q, Graff M, Rowland B, Wen J, Huang L, Miller-Fleming TW, Haessler J,
Preuss MH, Chai JF, Lee MP, Avery CL, Cheng CY, Franceschini N, Sim X, Cox NJ,
Kooperberg C, North KE, Li Y, Raffield LM. Analyses of biomarker traits in diverse
UK biobank participants identify associations missed by European-centric analysis
strategies. J Hum Genet. 2022 Feb;67(2):87-93. doi: 10.1038/s10038-021-00968-0.
Epub 2021 Aug 11. PMID: 34376796; PMCID: PMC8792153.



14


	The potential impact of glycine supplementation on
	The potential impact of glycine supplementation on

