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Summary

Background. Researchers tried to find out how age-related pathologies can be prevented by keeping the biomarkers levels under control since
their changes might induce abnormalities. The purpose was to analyze aspects that might accelerate, and fight off the action of endogenous and

exogenous factors on the metabolism of aging.

Material and methods. This study is based on the critical analysis of 35 literature sources out of 74 selected from PubMed, NCBI, Google Scholar

data that highlight the most essential concepts.

Results. Biological age represents the modified aspects of metabolism and physiological processes. The antioxidant system and reactive oxygen
species play a key role in slowing down, and accelerating the aging metabolism; genetic markers detect the aging factors; genome mutations are

responsible for premature aging.

Conclusions. Hence, it's important to make a balance between a healthy lifestyle, a proper skincare routine, and maintaining cognitive functions, in
order to hope for a “successful aging” by preventing diseases and increasing life expectancy.
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Introduction

The human body is a creation of nature that undergoes
continuous and progressive changes, which ultimately result
in a significant process that gradually occurs within the cells
of the human body, namely the aging process. This research
is based on the analysis and description of the metabolism of
aging, aspects that promote and induce the acceleration of
this process, and factors involved in coping and confronting
aging. There is an increasing number of studies aimed at
discovering all the aspects necessary to achieve and promote
the concept of "successful aging", starting from nutrition and
physical activity to proper functioning of cellular components
and specifically of mitochondria that is the source of energy
and an integrated element in metabolism.

Along with aging, there is an increased risk of developing
age-related diseases. In this context, the researchers defined
"epigenetic clock’, to determine clinical biomarkers in order
to predict the disease rate as they age, as well as monitor
these changes. Among the biomarkers associated with the
aging process and related pathologies are the ones of the
cardiovascular system, of metabolic and inflammatory
processes, of the central nervous system, markers of the
antioxidant system and oxidative stress, and genetic markers
[1, 2]. Thus, scientists can identify the cause of the signs of
aging and of metabolism degradation, functions of cellular
organs, and prevent the occurrence of age-related pathologies
by future monitoring via modern technologies. Moreover,
the "epigenetic clock" shows the methylation level of some
sites, which later indicates the biological age of an individual.
Some researchers believe that the mortality rate or the
manifestation of age-related diseases might be predicted by

comparing the epigenetic age with the chronological age of
the person under study [3].

Indeed, recent studies have shown that the epigenome has
a direct or indirect impact on the aging phase, being affected
by a multitude of endogenous and exogenous factors, which,
unless monitored, accelerate this process. Degradation of the
human genome has been found to directly affect the structure
of the epigenome, however, some theories show that some
epigenetic changes could be reversible and allow a return
to their initial phase, such as fertilization and production of
pluripotent stem cells [3, 4].

Therefore, successful aging has become a current health
issue and researchers urge people to follow certain rules to
take advantage of “successful aging”, such as minimizing the
risks to developing various diseases, maintaining cognitive
and physical functions, positive emotions, and thoughts,
problem-solving, avoiding stressful factors, and self-caring
both externally and internally [5].

The present research aims to analyze the aspects of active
aging, the metabolism of aging, and the exogenous and
endogenous factors, which determine these processes.

Materials and methods

The study was conducted by analyzing critically and
constructively the scientific publications, articles, clinical
trials, (non)randomized and cohort studies, in order to
understand the basic activity of metabolism in the process of
aging. The study was based on publications dating from the
beginning of the 21 century to its second decade, numbering
35 out of a total of 74 articles selected for examination and
research.
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The detailed analysis allowed excluding less relevant
data and highlighting the main issues on the physiological
processes underlying senility. Databases such as PubMed,
NCBI, CrossRef, Google Scholar are the information pillars
of this research, which, along with a comprehensive study,
enabled to highlight the essential concepts and ideas on
the metabolism and the causative factors of aging and age-
related diseases.

Results

Metabolic Biomarkers of Ageing

According to the recent studies, researchers have found
that biomarkers have a specific role in unraveling age-related
metabolic changes.

Firstly, the cardiovascular biomarkers correlate mostly
with aging. It has been proved that blood pressure rate
increases due to the biological age, notably the systolic
blood pressure that is above 140 mmHg. Enhanced
levels of homocysteine are also a major causative factor
of cardiovascular diseases that contribute to the onset of
atherosclerosis [2].

Secondly, several metabolic processes are influenced by
the expression rate of certain biomarkers, including high
levels of LDL (low-density lipoprotein) that increases with
age and leads to coronary atherosclerosis. On the other hand,
VLDL (very low density lipoprotein) and high triglycerides
level might induce the onset of coronary heart disease and
myocardial infarction. Unfortunately, the level of HDL
(high-density lipoprotein) decreases with aging, resulting in
the manifestation of cardiovascular diseases with widespread
specificity. Metabolic syndrome, prediabetes, and diabetes
are diagnosed by determining glycemia, a biomarker that
commonly shows elevated blood glucose levels [2].

Leptin is one of the hormones secreted by the adipose
tissues and is directly proportional to the amount of fat in
the body of an individual. However, it was found that over
time the percentage of circulating leptin in plasma is higher
in women compared to men. Its secretion is also inhibited
by other hormones, such as testosterone, whereas insulin,
glucocorticoids and estradiol stimulate the leptin secretion.
Moreover, studies have shown that leptin levels decrease
along with aging, more obviously in women than in men,
however hormone-independent variations may occur [6].

The inflammatory process is a triggering factor of aging,
whereas the C-reactive protein is the biomarker which
increases in chronic diseases. However, this index may also
boost in people taking oral contraceptives or those who
want to combat the signs of aging by resorting to hormone
replacement therapy. An significant element is growth factor
similar to insulin (IGF-1), as its levels are associated with
increased risk of cancer, while diminished levels might result
in coronary heart disease and even death [2], though, some
studies in laboratory mice showed that a low level of IGF-1
was linked with delayed aging [7]. High cortisol amount, over
the limits of diurnal variation, can contribute to developing
cardiovascular diseases, whereas low concentrations of
dehydroepiandrosterone favors the onset of senility signs,
thus, a hormone replacement therapy is performed due to its

anti-aging effects [2].

Interleukin-6 (IL-6) is a significant index of the
inflammatory process, while its amplificated levels might
induce the development of acute diseases and lesions. It
commonly increases with age, causing osteoporosis and
contributing to the exacerbation of Alzheimer's disease.
Other biomarkers characteristic of the inflammatory
process include the enhanced rate of fibrinogen, albumin,
tumor necrosis factor-alpha (TNF-a), which leads to an
inflammatory response, affect the immune defense system,
boost the chances of becoming overweight, as well as to
develop diabetes, depression, and rheumatoid arthritis [2].

The specific markers of central nervous system activity
include amyloid-beta 42 present in neuropathological pro-
cesses; total (t)-tau and phosphorylated (p)-tau together with
F2-isoprostanes increase the risk of Alzheimer's disease [2].

A reduction in the oxidative stress and antioxidant
defense system will lead to higher levels of reactive oxygen
species (ROS), thus developing sarcopenia, Parkinson's and
Alzheimer's disease, and even the senile onset. Antioxidants
fight against free radicals, thus mitigating their harmful
effect on the human body, some examples being ascorbic
acid, tocopherol, beta-carotene, omega-3, -6, flavonoids,
coenzyme Q, glutathione; lutein, and zeaxanthin, that block
the action of free radicals and prevent the stationary macular
degeneration [2].

Finally, yet importantly, genetic markers are essential in
detecting the aging triggers. The main indicators include
apolipoprotein E, causing cardiovascular diseases; the
specific angiotensin-converting enzyme (ACE), present in
cardiovascularandkidneydisorders, whichhasamajorimpact
on longevity; and mitochondrial DNA (deoxyribonucleic
acid) mutations that produce a series of mutations that
affect longevity, these defects being regarded as changes in
the C150T gene within mitochondrial DNA. Additionally,
the telomere length has been found to decrease with aging
[2]; yet, in nonagenarians, (super-)centenarians it remains
unchanged. Other studies suggest that these individuals have
a chromosomal stability and good antioxidant function,
being similar to research studies on young people [8]. A new
molecular marker associated with cell senescence, termed
as p16™** has been discovered, which is essential for main-
tenance of homeostasis — the balance between the aging
process and suppression of tumor processes [8].

Aging caused by the inflammatory response

Once the pathogens or various allergens enter the body,
the protection mechanisms are activated by the immune
system during the acute inflammatory phase by mobilizing
defensive cells, limiting the spread of pathogens, and in
the end destroying them. Commonly, an appropriate
defense reaction leads to tissue repair and regression of
the inflammatory process. However, uncontrolled acute
inflammation may become chronic when it becomes
uncontrolled. Chronic inflammation is also characteristic
in the elderly, the immune system undergoes some changes
that involve the inappropriate activity of cytokines and
chemokines, such as those mentioned above, viz. increased
levels of IL-6 and TNF-a [9].
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ROS activity, resulting from the action of neutrophils,
influences the expression of NF-kBs (nuclear factor kappa-
light-chain-enhancer of activated B cells), which are essential
for balancing the immune responses against inflammation.
In turn, NF-kBs can trigger pro-inflammatory genes or
inflammation, which activate cytokines and chemokines
causing cell senescence [9], secretome formation [10] and
subsequently the formation of the inflammasome [11, 12].
The activity rate of autophagy decreases in the elderly, which
causes the accumulation of senescent cells. Thus, recent
studies have concluded that chronic inflammation is one
of the triggering causes of cardiovascular diseases such as
atherosclerosis, age-related neurodegenerative diseases,
dementia, and autoimmune diseases, and even cancer, which
involves NF-kB, a basic inflammatory mediator that initiates
and contributes to tumor progression [9].

Conversely, some studies suggest that genetic variations of
interleukin-1 (IL-1) may reduce life expectancy in older men
and predispose them to the risk of age-related diseases. IL-6
also called "gerontologist's cytokine", has anti-inflammatory
activity, however, in old age, its levels increase and induce
the risk of cardiovascular diseases, like sarcopenia and atony
[13].

Finally, the present research has identified that it is
possible to successfully age and increase life expectancy if
inflammatory processes are suppressed, such as the long-
term uncontrolled inflammation that predisposes the body
to accelerated aging and mortality rates. Moreover, it has also
been found that the paternal age at conception might predict
the length of telomeres in the descendants [14].

Nicotinamide adenine dinucleotide (NAD")

Nicotinamide adenine dinucleotide is a coenzyme
involved in oxidative phosphorylation and ATP (adenosine
triphosphate) production, despite having a DNA repair
capacity, its damage caused by excessive expression of free
radicals, involves NAD" depletion, resulting in accelerated
aging [15].

This vitamin deficiency leads to the development of
pellagra and the onset of 3D: diarrhea, dermatitis, and
dementia. Studies have identified that small amounts of
vitamin B, are also characteristic of aging, thus, it is believed
that the use of nicotinamide may contribute to delaying this
process and fighting ROS [15].

Sirtuins also work together with NAD", which in the
form of histones promotes longevity, especially SIR2 (silent
information regulator 2) for yeast and mammalian-specific
SIRT1, due to their ability to repair DNA and maintain
genome stability [16, 17].

There are various pathways of NAD* synthesis, primarily
taken from various dietary sources, such as de novo synthesis
of tryptophan via kynurenine pathway; from nicotinic
acid by Preiss-Handler pathway; and from nicotinamide,
nicotinamide ribose through the Salvage pathway. Some
researchers stated that NAD* precursor supplementation
in lab mice showed a delayed aging process [18, 19]. At the
same time, studies have found that the Salvage pathway is
defective during the senility period, mostly involving the
skeletal muscles, white adipose tissues, and other organs
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[19].

Studies have been carried out in humans, which have
revealed that supplementation with NAD* precursors by
restoring its balance, might contribute to an aging delay.
However, its overdose might trigger harmful effects and
excessive secretion of pro-inflammatory cytokines [18], as
well as predispose the body to development of autoimmune
diseases and tumors. NAD" is correspondingly involved in
neuroprotection, whereas a defective metabolism can lead to
the onset of neurodegenerative diseases [19].

Metabolism of premature aging

Some genetically determined pathologies can induce
intrinsic premature aging, including Werner syndrome,
Cockayne syndrome, and Hutchinson-Gilford syndrome
[20].

Hutchinson-Gilford syndrome is characterized by
changes at the molecularlevel such as shortening of telomeres,
unstable genome, and development of premature senescence.
These unfavorable conditions lead to an accelerated aging,
manifesting itself in the second year of life, which determines
a short life expectancy, around 13 or no more than 20 [21,
22]. This pathology is determined by genetic mutations,
namely the de novo missense mutation in the LMNA gene
responsible for the coding of type A nuclear laminae [23,
24].

People with this pathology may develop alopecia, skin,
bone, cardiovascular abnormalities, growth retardation, age-
specific spots, as well as dry and thin or flaky skin. After the
facts mentioned above, according to the levels of biomarkers,
we comprehend that thelevel of leptin is below the permissible
limits, this being caused by the lack of adipose tissue and by
the amount of estradiol that is particularly low, resulting
further in insufficient sexual development. Thus, a number
of studies have focused on finding therapeutic measures that
would prevent accelerated aging by using farnesyltransferase
inhibitors and reducing progerin synthesis, such as
everolimus that increases progerin clearance, as well as other
studies conducted on mice to prove that high-fat diets and
ketogenic diets are effective methods to increase longevity
[25].

On the one hand, Hutchinson-Gilford syndrome is
characteristic for children, however, on the other hand, there
is also a progeria characteristic for adults that is specific
to the 3 and 4™ decade of life, called Werner syndrome
[26], being caused by mutations in the WRN gene that
is responsible for DNA repair and which stabilizes the
telomere metabolism [23, 27]. People with this abnormality
indicate growth retardation at puberty and later on, as well as
alopecia, atrophy, hypogonadism, arteriosclerosis, abnormal
skin changes up to 25 years old, hyperpigmentation or
hypopigmentation, hyperkeratosis [26]. Some studies also
highlight that these people are likely to develop various forms
of cancer, especially of thyroid and skin cancer [27]. Therapy
consists of maintaining normal glucose levels, monitoring
cataracts, arteriosclerosis, use of anticancer drugs and
radiation therapy as needed, and diet management [26].

Finally, the present research encompasses only several
aspects of the metabolism of aging, the basic indicators
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being the biomarkers characteristic of the senility evolution.
Researchers are looking for new clinical trials that would
allow great findings of slowing down or ceasing the aging
process, especially in people with progeria. Scientists
continue to prove new technologies and ways to manage
these processes by promoting the idea of "successful aging",
as well as alternatives to achieve this phenomenon.

Discussions

The concept of "successful aging" has become increasingly
popular, science and medicine are fighting side by side to
discover new forms of preserving all aspects of youth and
eternal beauty. Psychosocial adaptation is a key factor in the
aging process, since a favorable environment might determine
a good quality of life [28]. Optimism and positivism along
with accumulated successes allow the person to be aware of
the facts achieved over the years, these features becoming
appropriate for monitoring cognitive functions [29].

In addition to these, regular individual physical activity
according to the needs of the body is mandatory, as it allows
avoiding and slowing down the occurrence of various
diseases, contributing to an enhancement in the longevity
rate. Even if physical activity has an impact of less than
2% on successful aging, it helps to combat and prevent the
incidence of a multitude of pathologies, especially of high
blood pressure, occurring in more than half of the elderly
population [30].

Over the years, major changes arise not only inside
the body, within the cellular metabolism, but also outside,
resulting in dehydrated thin skin, followed by the appearance
of wrinkles and fine lines, as well as loss of its elasticity and
luster, becoming more sensitive to traumas and lesions and
associated further with a more prolonged regeneration.

Therefore, when it comes to skin aging, two key aspects
are being involved, viz. intrinsic and extrinsic aging. Intrinsic
aging is caused by a deficient cellular metabolism, primarily
of basal cells, fibroblasts, and melanocytes responsible for
pigment spots that occur in the skin epidermis, keratinocytes,
and collagen fragmentation process initiated after the age of
20-25 years [31].

Explicit examples of intrinsic aging are Werner's
syndrome, Hutchinson-Gilford, Cockayne and Down
syndrome. This process is determined by mutagenic changes
in DNA; unbalanced levels of hormones, such as deficiency
of dehydroepiandrosterone, estrogen, testosterone, growth
hormone, oxytocin and melatonin, excess of cortisol;
excess and lack of ROS and deficiency of the antioxidant
system. Exogenous factors are responsible for activating and
advancing the extrinsic aging process, including smoking,
pollution, lack of sleep, poor fluid intake, and ultraviolet
(UV) radiation. Thus, exogenous factors act together with
the endogenous ones, amplifying oxidative stress and ROS
synthesis. Subsequently, they damage the DNA and protein
structure, resulting in an accelerated aging process [32].

To combat ROS, pharmaceutical medicine has created
a wide range of products based on active substances with
antioxidant properties, including glutathione, ascorbic acid,
ferulic acid, niacinamide, resveratrol, tocopherol, coenzyme

Q. Resveratrol is widely used due to anti-aging and anti-
inflammatory effects. It possesses anti-microbial activity
with a strong antioxidant and anti-tumor action, having a
cardioprotective, neuroprotective and even anti-diabetic
effects [33].

As people age, the facial muscles, and not only,
undergo certain changes caused by their deterioration and
accumulation of lipofuscin, resulting in skin pigmentation or
so-called "age spots" [34]. Their treatment is quite rigorous
and complex, thus, a sun protection factor of minimum of
30+ is recommended to use to prevent these conditions.
However, if they occur, alpha-hydroxy acids, such as citric,
glycolic, lactic, malic, tartaric acid should be introduced
into daily skincare routine, as well as beta-hydroxy acids
such as salicylic acid to fight hyperpigmentation and post-
acne spots, topical retinoids, azelaic acid, adapalene, benzoyl
peroxide, and alpha arbutin. The amount of collagen in the
skin can be improved by topical use of vitamin C and the
consumption of dietary supplements with marine collagen
that will help to prevent and reduce wrinkled appearance.
People can also opt for topical creams with retinol, peeling
effects and honokiol that underwent several clinical trials,
showing amazing results [35]. Finally, yet importantly, the
key to skin moisturizing is the daily fluid consumption and
the use of creams and serums, containing active substances
such as hyaluronic acid, which maintain hydration and fight
off wrinkles and signs of aging. Besides this, caffeine helps
moisturize the area around the eyes, reduces bags under the
eyes, and the pigmented appearance of the eye contour.

Therefore, we can conclude that besides a healthy lifestyle,
a balanced diet and a daily skincare routine are necessary to
follow, being customized depending on age and pathologies,
however, hydration and sun protection are essential in the
skincare routine regardless the age.

Conclusions

People are the ones who have an endless craving for
everything that would bring them pleasure, initially searching
for the fountain of youth, then experimenting to obtain
the elixir of youth, and finally discovering ways to become
immortal. This review article involves several aspects of
aging metabolism and ways in which the Earth's population
would age actively, productively, and successfully.

Medicine has no limits, researchers are constantly
discovering new ways to prolong life expectancy since
centenarians, and super-centenarians have become successful
models of aging. Even if not all clinical trials approve this
idea in terms of "success", they become the central source
of new studies, based on changes in the genome, cellular
metabolism, structure and composition of cell membrane
proteins, the presence of biomarkers, ROS and the ability of
the antioxidant defensive system.

Finally, there is a multitude of aging metabolism
components, as well as both direct and indirect ways of
influencing mental, cognitive and physical functions of the
body in preventing diseases and disabilities and promoting
a healthy lifestyle with a potential increase in life expectancy.



>0 Nr. 4 (89), 2023 - séh2s

Medica

Bibliography

1. Fransquet PD, Wrigglesworth J, Woods RL, Ernst ME, Ryan J. The epigenetic clock as a predictor of disease and mortality risk: a systematic review and meta-
analysis. Clin Epigenetics. 2019;11(1):62. Published 2019 Apr 11. doi:10.1186/513148-019-0656-7

2. Crimmins E, Vasunilashorn S, Kim JK, Alley D. Biomarkers related to aging in human populations. Adv Clin Chem. 2008;46:161-216. doi:10.1016/50065-
2423(08)00405-8

3. Ashapkin VV, Kutueva LI, Vanyushin BF. Epigenetic Clock: Just a Convenient Marker or an Active Driver of Aging?. Adv Exp Med Biol. 2019;1178:175-206.
doi:10.1007/978-3-030-25650-0_10

4. Guest PG, ed. Reviews on Biomarker Studies in Aging and Anti-Aging Research. Cham: Springer International Publishing; 2019

5. (Castro R. Using Information and Communication Technologies to Facilitate Cognitive Activity and Social Interaction Among Older Costa Ricans. Aalborg
Universitetsforlag; 2018

6. Isidori AM, Strollo F, Moré M, et al. Leptin and aging: correlation with endocrine changes in male and female healthy adult populations of different body
weights. J Clin Endocrinol Metab. 2000;85(5):1954-1962. doi:10.1210/jcem.85.5.6572

7. Bartke A, Chandrashekar V, Dominici F, et al. Insulin-like growth factor 1 (IGF-1) and aging: controversies and new insights. Biogerontology. 2003;4(1):1-8.
doi:10.1023/a:1022448532248

8. Wagner KH, Cameron-Smith D, Wessner B, Franzke B. Biomarkers of Aging: From Function to Molecular Biology. Nutrients. 2016;8(6):338. Published 2016 Jun
2.doi:10.3390/nu8060338

9. Chung HY, Kim DH, Lee EK, et al. Redefining Chronic Inflammation in Aging and Age-Related Diseases: Proposal of the Senoinflammation Concept. Aging Dis.
2019;10(2):367-382. Published 2019 Apr 1. doi:10.14336/AD.2018.0324

10. Science Direct. Omics Technologies and Bio-Engineering. Secretome. https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/
secretome. Published 2018. Accessed March 31, 2023.

11. Science Direct. Advances in Inmunology. Inflammasome. https://www.sciencedirect.com/topics/neuroscience/inflammasome. Published 2013. Accessed
March 31, 2023.

12. InvivoGen. Inflammasome. https://www.invivogen.com/inflammasome. Accessed March 31, 2023.

13. Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander HD, Ross OA. Age and Age-Related Diseases: Role of Inflammation Triggers and Cytokines. Front
Immunol. 2018;9:586. Published 2018 Apr 9. doi:10.3389/fimmu.2018.00586

14. AraiY, Martin-Ruiz CM, Takayama M, et al. Inflammation, But Not Telomere Length, Predicts Successful Ageing at Extreme OId Age: A Longitudinal Study of
Semi-supercentenarians. EBioMedicine. 2015;2(10):1549-1558. Published 2015 Jul 29. doi:10.1016/j.ebiom.2015.07.029

15. Braidy N, Berg J, Clement J, et al. Role of Nicotinamide Adenine Dinucleotide and Related Precursors as Therapeutic Targets for Age-Related Degenerative
Diseases: Rationale, Biochemistry, Pharmacokinetics, and Outcomes. Antioxid Redox Signal. 2019;30(2):251-294. doi:10.1089/ars.2017.7269

16. Watroba M, Szukiewicz D. The role of sirtuins in aging and age-related diseases. Adv Med Sci. 2016;61(1):52-62. doi:10.1016/j.advms.2015.09.003

17. Satoh A, Brace CS, Rensing N, et al. Sirt1 extends life span and delays aging in mice through the requlation of Nk2 homeobox 11in the DMH and LH. Cell Metab.
2013;18(3):416-430. doi:10.1016/j.cmet.2013.07.013

18. Huang T. The role of NAD-+ in anti-aging therapies. Am J Biomed Sci Res. 2019;6(5):446-453. doi:10.34297/ajbsr.2019.06.001080

19. Verdin E. NAD* in aging, metabolism, and neurodegeneration. Science. 2015;350(6265):1208-1213. doi:10.1126/science.aac4854

20. Zhang S, Duan E. Fighting against Skin Aging: The Way from Bench to Bedside. Cell Transplant. 2018;27(5):729-738. doi:10.1177/0963689717725755

21. Burtner (R, Kennedy BK. Progeria syndromes and ageing: what is the connection?. Nat Rev Mol Cell Biol. 2010;11(8):567-578. d0i:10.1038/nrm2944

22. Mayo Clinic Healthy Living. Progeria. https://www.mayoclinic.org/diseases-conditions/progeria/symptoms-causes/syc-20356038. Accessed 31 March 31,
2023.

23. Kudlow BA, Kennedy BK, Monnat RJ Jr. Werner and Hutchinson-Gilford progeria syndromes: mechanistic basis of human progeroid diseases. Nat Rev Mol Cell
Biol. 2007;8(5):394-404. doi:10.1038/nrm2161

24. Pachajoa H, Claros-Hulbert A, Garcia-Quintero X, Perafan L, Ramirez A, Zea-Vera AF. Hutchinson-Gilford Progeria Syndrome: Clinical and Molecular
Characterization. Appl Clin Genet. 2020;13:159-164. Published 2020 Sep 4. doi:10.2147/TACG.S238715

25. Kreienkamp R, Gonzalo S. Metabolic Dysfunction in Hutchinson-Gilford Progeria Syndrome. Cells. 2020;9(2):395. Published 2020 Feb 8. doi:10.3390/
cells9020395

26. National Organization for Rare Disorders (NORD). Werner Syndrome. https://rarediseases.org/rare-diseases/werner-syndrome. Accessed March 31, 2023.

27. National Center for Advancing Translational Sciences. Genetic and Rare Diseases. Werner syndrome. https://rarediseases.info.nih.gov/diseases/7885/werner-
syndrome. Accessed 31 March 31, 2023.

28. Urtamo A, Jyvakorpi SK, Strandberg TE. Definitions of successful ageing: a brief review of a multidimensional concept. Acta Biomed. 2019;90(2):359-363.
Published 2019 May 23. doi:10.23750/abm.v90i2.8376

29. Glicken MD. Successful Aging. In: Evidence-Based Counseling and Psychotherapy for an Aging Population. Elsevier; 2009:23-44.

30. Lin YH, Chen YC, Tseng YC, Tsai ST, Tseng YH. Physical activity and successful aging among middle-aged and older adults: a systematic review and meta-
analysis of cohort studies. Aging (Albany NY). 2020;12(9):7704-7716. doi:10.18632/aging.103057

31. Zhang S, Duan E. Fighting against Skin Aging: The Way from Bench to Bedside. Cell Transplant. 2018;27(5):729-738. doi:10.1177/0963689717725755

32. Shanbhag S, Nayak A, Narayan R, Nayak UY. Anti-aging and Sunscreens: Paradigm Shift in Cosmetics. Adv Pharm Bull. 2019;9(3):348-359. doi:10.15171/
aph.2019.042

33. Salehi B, Mishra AP, Nigam M, et al. Resveratrol: A Double-Edged Sword in Health Benefits. Biomedicines. 2018;6(3):91. Published 2018 Sep 9. doi:10.3390/
biomedicines6030091



Anta . Nr. 4 (89), 2023 51

Medica
34. Nigam Y, Knight J. Anatomy and physiology of ageing 11: the skin. Nursing Times. 2017;113(12):51-55.
35. Bernard P, Scior T, Do QT. Modulating testosterone pathway: a new strategy to tackle male skin aging?. Clin Interv Aging. 2012;7:351-361. doi:10.2147/CIA.
S34034

Received - 29.06.2023, accepted for publication — 19.12.2023

Corresponding author: Angela Platon, e-mail: angela.platon00@gmail.com

Conflict of interest Statement: The authors reports no conflicts of interest in this work.
Funding Statement: The authors reports no financial support.

Citation: Platon A, Pavlovschi E. The intricate pathways in ageing. Arta Medica. 2023;89(4):46-51.



