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ABSTRACT

The study aimed to analyze the relationship of selenium to telomere length and DNA damage that reflect
aging-related changes at the genome and cellular level. This study used the Systematic Literature Review method
to summarize evidence regarding the potential of selenium as an anti-aging agent. It was conducted in April and
May 2023. The initial stage was to identify research questions consisting of PICO (Population, Intervention,
Comparator, and Outcome). The population involved adults and intervened with selenium, did not use a
comparator, and used non-epigenetic biomarker outcomes, namely telomere length and DNA damage which reflect
aging-related changes at the genome and cellular level. The reviews were obtained from various countries,
including Sweden, France, the United States, Australia, and Brazil. The research subjects used were also diverse
and at wide intervals, ranging from young people (20-30 years) to adults (> 70 years). A total of 4 of the 7 studies
used a cross-sectional study scheme, 1 case-control, and 2 used an experimental design. Adequate selenium intake
can potentially affect telomere length and telomere length maintenance. However, the relationship between
selenium and telomere length can be affected by other factors, such as the individual's age and health conditions.
Selenium intake may be an important factor in maintaining telomere length and preventing age-related diseases.
Selenium supplementation may be beneficial for people with low selenium levels or who are at risk of age-related
diseases. Further research is needed to confirm the findings of this study and to determine the optimal dose of
selenium for maintaining telomere length.
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INTRODUCTION

The aging process is an inevitable
natural phenomenon. With increasing age,
significant physiological changes occur in the
human body, which decreases the quality of life
and physical function . Aging increases the risk
of chronic diseases such as heart disease,
diabetes, cancer, neurodegenerative disorders,
and cognitive problems 2.

Research on aging and its role in
disease development is an exciting and relevant
topic in nutrition and health sciences. One of the

interesting ingredients to study is selenium, an
essential mineral that is found in various foods
and is also widely developed as a supplement.
Selenium has an important role in antioxidant
selenoproteins for protection against oxidative
stress initiated by excess reactive oxygen
species (ROS) and reactive nitrogen species
(NOS) 3. Selenium has also been linked to a
variety of potential anti-aging effects, including
protection against oxidative damage *, immune
system enhancement °, and regulation of
important cellular functions ©.

Previously, a review of articles
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reviewing research developments and the role
of selenium in aging and aging-related diseases
was carried out in 2018 with the conclusion that
the effects of selenium on human aging and
aging-related diseases are still controversial .
The determination and use of biomarkers to
assess aging also vary, such as routine
laboratory tests, epigenetic, non-epigenetic,
also the physical ability and organ function, as
well as senescence biomarkers (to assess
changes in gene expression, enzyme activity,
modifications to proteins, or increases in
molecules production associated with oxidative
stress and cellular damage) 8. Based on previous
studies' results, non-epigenetic biomarkers are
the most frequently used biomarkers, including
telomere length, amount of DNA damage, and
mitochondrial dysfunction, which can describe
aging-related changes at the genome and
cellular level®. Aging is characterized by
telomere shortening caused by oxidative stress
(OxS); other factors, such as lifestyle, can also
cause damage to biomolecules, apoptosis, or
cell aging, which is characterized by the
emergence of age-related diseases, one of which
is Metabolic Syndrome (MetS) °.

Previous studies have shown that
selenium has potential anti-aging effects, but
the findings have been inconsistent. Some
studies have found that  selenium
supplementation can increase telomere length
and reduce DNA damage, while other studies
have found no effect. This study aims to
systematically review the literature on the
relationship between selenium and telomere
length and DNA damage. The goal is to clarify
the role of selenium in aging and to identify the
factors that may influence the effectiveness of
selenium supplementation.

METHOD

This study used the Systematic
Literature Review method to summarize
evidence regarding selenium's potential as an
anti-aging agent, conducted in April and May
2023. In the early stages of the study, research
questions were identified consisting of PICO
(Population, Intervention, Comparator, and
Outcome). The population was adults with
selenium intervention, did not use a comparator,
and the outcome used non-epigenetic
biomarkers, namely telomere length and DNA
damage which reflect aging-related changes at
the genome and cellular level.

To obtain the data results according to
this stage, it began with a data search on the
websites:
https://www.scopus.com,
https://www.mdpi.com/,
https://pubmed.ncbi.nim.nih.gov/,
https://www.sciencedirect.com/,
https://www.nature.com/,
https://www.hindawi.com/journals/.

The keywords included "Selenium and
telomere length and aging" and "Selenium and
DNA damage and aging". The article inclusion
criteria, such as the result of research published
in 2018 — 2023, in English, the population was
human, selenium intervention, and the outcome
was telomere length and DNA damage
associated with aging.

Followed by data screening to filter and
select the appropriate data based on the journal
abstracts obtained and ended with an
assessment of data quality using the website
https://rayyan.ai/. The quality of the data was
measured by the clarity of the research article
methodology, which can provide a good
chronological aspect starting from the selection
of materials and study results that were in
accordance with this article. The next step was
to develop a protocol using Meta-analysis
(PRISMA/Preferred  Reporting Hans  for
Systematic Reviews and Meta-analysis) 1°. The
data extraction process included full-text
articles and summarized information by
systematic review (Figure 1).

Additional records identified
through other sources
(n=3)

(n=185)

con/,
ournals/
| l

— Records after duplicates removed
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=7
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Studies included in qualitative synthesis
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Figure 1. PRISMA Flow Diagram.

319




RESULTS

This review was obtained from various
countries, including Sweden, France, the United
States, Australia, and Brazil. The research
subjects used were also diverse and at wide
intervals, ranging from young people (20-30
years) to older people (> 70 years). A total of 4

of the 7 studies used a cross-sectional study
scheme, 1 case-control, and 2 used an
experimental design. The main variables
observed were telomere length and DNA
damage (Table 1).

Table 1. Tabulation of Data Extraction

No Source Country Selenium Research Research Main Main Finding
Subject Design Variabel

1 Opstad  Sweden  Supplements Selenium- Randomized, Telomere Supplementation with
etal. deficient double-blind, length a combination of
2022 1t Swedish placebo- selenium and

elderly controlled coenzyme Q10 for 42
people aged  clinical trial. months prevented
over 70 telomere length
years. reduction in an
elderly population in

Sweden that is

deficient in selenium.

2 Favrot French Supplements  Young age Experimental DNA o Low doses of
etal. (20-30 Damage selenium (30 nM)
2018 12 y.0) were effective in

Old age (60 protecting

-70y.0) keratinocytes in
young individuals
from damage
from UVA
exposure,

¢ Higher doses (240
nM) were
required to protect
keratinocytes.

3 Shu et United Food intake ~ Middle-aged Cross- Telomere e Increased dietary
al. 2020  States and elderly  sectional length intake of selenium
13 people linked to longer

telomeres in
adults and elderly
Americans.

e Every 20 pg
increase in dietary
intake of selenium
was associated
with an increase
in telomere length
of 0.42%.

e Dietary intake of
selenium might
play arole in
telomere length
maintenance.

4 Dhillon, Australia Selenium The 2 Case-control DNA e Increased DNA
Deo, level groups were Damage damage could be
and prostate caused by low
Fenech cancer levels of lycopene
2023 4 patients and and selenium
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healthy
people

Eating foods rich
in lycopene and
selenium could
help reduce the
risk of developing
prostate cancer
and DNA damage
caused by
ionizing radiation
and/or oxidative
stress.

de Brazil
Lima-

Reis et

al. 2022

15

Food

Subjects
were men
and women
between the
ages of 20
and 59y.0

Cross-
sectional

DNA
damage

Oxidative damage
to DNA in
individuals at
cardiovascular
risk was
influenced by
serum levels of
vitamin A,
selenium, and
DTAC
independently of
other factors
[F(6,110)=8,213;
P<0.001;
R2=0.330].
Nutritional factors
such as total
antioxidant
capacity in food,
vitamin A, and
selenium might
protect against
oxidative damage
to DNA in these
individuals.

6

Liu et United
al. 2019  States
16

Food

Adults aged
20 years or
older who
participated
in the
National
Health and
Nutrition
Examination
Survey
(NHANES)
1999-2002.

Cross-
sectional

Telomere
length

No significant
association was
found between
dietary intake of
selenium and
telomere length
in adults in the
United States.
There was a
significant
interaction with
age (P=0.02). In
individuals aged
20-44 years, the
B-coefficient of
telomere length
log, compared to
the group with
the lowest intake
of dietary
selenium, was -
0.041 (SE 0.012,
P =0.002) and -
0.033 (SE 0.018,
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P =0.07) for the
middle group and
the highest intake
of selenium,
respectively.

e  The relationship
between dietary
selenium intake
and telomere
length differed
significantly by
age group,
suggesting that
higher selenium
intake may
prevent telomere
shortening in
older adults but
not in younger or
middle-aged
adults.

7 Gonget United
al. 2023  States
17

Food intake  Age >45y.0
and <45 y.0

Cross- Telomere o Low (<50 pg/day)
sectional length and high (> 250
pg/day) selenium
intake did not
significantly
associate with
telomere length in
diabetic patients.
e Selenium intake in
the 0-250 pg/day

range was
associated  with
increased

telomere length in
diabetic patients,
especially in the
female
population.

Selenium, Telomere Length, Aging

Telomere length is related to the aging
process. Telomeres are protective structures at
the ends of chromosomes that shorten each time
somatic cells (body cells) replicate 8. Short
telomeres indicate that the cell has lost its
ability to replicate *°. As a result, cells enter the
senescence (aging) stage or experience cell
death. Telomere shortening indicates cell aging
and can affect cell function and integrity 2.
Telomere length decreases proportionally with
age in humans, and fetal cells or tissues have
longer telomeres than adult somatic cells . In
addition, telomere shortening is also associated
with the risk of chronic age-related diseases,
such as heart disease, diabetes, cancer, and
neurodegenerative conditions %2 Telomere
shortening can accelerate the cellular aging

process 2, increases cell susceptibility to
damage and stress %, and interfere with normal
cell function 2.

Telomere shortening can be inhibited
by lifestyle modifications such as diet and
physical activity with the potential to reduce the
rate of telomere shortening or at least prevent
excessive telomere reduction. An antioxidant-
rich diet has been linked to longer telomeres.
Antioxidants play an important role because
they can slow down the aging process and
prevent diseases caused by oxidative stress;
besides, various nutrients such as vitamins B12,
A, C, and E, selenium, zinc, magnesium, and
PUFAs have been linked to DNA protection
(telomere integrity). Subjects who followed a
diet with higher intakes of fruits, vegetables,
nuts, fish, poultry, and whole grains reported
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lower markers of inflammation, oxidative
stress, and longer telomeres?.

One of the diet choices to inhibit the
rate of telomere shortening is selenium intake.
Several studies show a link between selenium

and telomere length, namely: 1) Seleme
supplementation research in an elderly
population in  Sweden  shows that

supplementation with a combination of
selenium and coenzyme Q10 for 42 months
prevents a decrease in telomere length in a
population that is deficient in selenium 2,
Dietary intake of selenium in adults and the
elderly in America found that increased intake
of selenium in the diet is associated with longer
telomeres, and this study also suggests that
adequate dietary intake of selenium may
contribute to the maintenance of telomere
length 6. Additionally, other studies have
shown that higher selenium intake appears to be
more associated with telomere length
maintenance in older adults but not in younger
or middle-aged adults . However, low (< 50
ug/day) and high (> 250 pg/day) selenium
intake did not have a significant association
with telomere length in diabetic patients 7.
Later, other studies have shown that proper
selenium levels in the body can help reduce the
risk of inflammation and improve adult survival
2! The average dietary intake of selenium in the
United States ranges from 93 micrograms in
women to 134 micrograms in men, compared to
only 40 micrograms per day in Europe (the
recommended daily amount for adults in the
United States is 55 micrograms per day) .
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Thus, telomere shortening is linked to
cellular senescence and the risk of age-related
diseases. Lifestyle modifications, including
adequate selenium intake, can affect telomere
length and maintenance. However, the
relationship between selenium and telomere
length can be affected by other factors, such as
the individual's age and health conditions.

Selenium, DNA Damage, Aging

DNA damage is one factor contributing to
the aging process, both natural aging and/or
aging influenced by external factors. DNA
damage can cause mitochondrial dysfunction,
impaired autophagy, altered metabolism, and
trigger cell aging 2°. One mechanism related to
DNA damage with aging is oxidative stress.
Oxidative stress occurs when the balance
between free radical production and the ability
of cells to fight free radicals is disturbed. In
aging, the body's antioxidant system tends to
decrease so that the level of free radicals that
damage DNA increases.

Figure 2 shows that selenium is required
for the synthesis of selenoproteins, which are
included in the cellular antioxidant system.
Selenoprotein acts as an antioxidant enzyme
that can inhibit the production of free radicals,
thereby helping to protect cells from oxidative
damage caused by free radicals. Adequate
selenoprotein levels, selenium can help reduce
the level of free radicals in cells, thereby
reducing the risk of DNA damage caused by
free radicals *. Thus, selenium acts as a nutrient
that protects DNA from oxidative damage.

—e

Post-
?7?7? translational

modifications

Glycosylases
activities

I P53**

DNA repair capacity

1!

** reduced form; TrxR: Seleno Thioredoxine reductase

Figure 2. Mechanisms of selenium in DNA damage repair

The results showed that low doses of
selenium (30 nM) were effective in protecting
young keratinocytes from UVA damage,

whereas higher doses (240 nM) were needed to
protect aged keratinocytes!?2.  Selenium
supplementation is a strategy to fight aging and
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signs of aging on the skin by protecting skin
cells from DNA damage. Then, a deficiency of
selenium and lycopene (carotenoids in
tomatoes) can exacerbate DNA damage and
increase the risk of prostate cancer 4 In
addition, there is a relationship between
selenium levels in the body and the level of
DNA damage caused by oxidative stress in

individuals with different cardiovascular risks
15

CONCLUSION

Adequate  selenium intake can
potentially affect telomere length and telomere
length maintenance. However, the relationship
between selenium and telomere length can be
affected by other factors, such as the
individual's age and health conditions. Then,
intake of selenium through food or
supplementation is one effort to protect DNA
from oxidative damage, slow the aging process,
and reduce the risk of related diseases.

Selenium intake may be an important
factor in maintaining telomere length and
preventing age-related diseases.  Selenium
supplementation may be beneficial for people
with low selenium levels or who are at risk of
age-related diseases. Further research is needed
to confirm the findings of this study and to
determine the optimal dose of selenium for
maintaining telomere length.
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