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The Effects on Antiaging Molecules of Physical Exercise
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2022. Abstract

Published by Regular physical activity has anti-aging effects and reduces the risk of injuries in
ARDA. older individuals. Both aerobic and resistance exercise training exert multiple

beneficial effects on the aging body. In humans, aging changes many biological
processes, from the molecular to the physical level, and affects mental health and
cardio-respiratory health, body composition and muscle function. Muscle
morphology, fiber size, and functional properties including strength, are
preserved by lifelong physical activity. The molecular mechanisms by which
older humans maintain musculoskeletal function are of emerging interest,
particularly in developed nations with aging populations. In cells, telomerase
activity and nicotinamide adenine dinucleotide (NAD+) are indispensable anti-
aging factors for cellular survival. Physical activity induces the increase in
telomerase activity and NAD+ level with anti-aging effects in the cells. This
review will assess recent studies that correlated NAD+ as a signaling molecule,
telomerase as an indicator, to exercise and the aging process.

Keywords: Anti-ageing, Exercise, Health, NAD+, Physical activity, Telomerase
activity.

1. Introduction

With advances in health care and improved living standards, human life expectancy is now projected to
exceed 80 years in industrialized countries. Subsequently, the proportion of the elderly population has steadily
increased. And by 2050, almost a quarter of the world's population will be over the age of 65. As the
population grows and ages, the cost of providing health care has also increased, among other socio-economic
challenges. Unfortunately, healthy life expectancy lags far behind overall life expectancy, implying a longer
course of complications. To help reduce this financial impact and improve overall health, primary prevention
strategies that include lifestyle choices of healthy diet and regular exercise have been promoted [1,3].

Physical activity and increased physical exercise are known to decrease the likelihood of morbidity and
mortality from a variety of causes such as reduced cardiovascular disease, insulin resistance, and hypertension
with concomitant increases in longevity. Regular physical activity has antiaging effects and reduces the risk of
injuries in older individuals. In humans, aging impairs multiple biological processes from a molecular to
organismal level, and affects mental and cardio-respiratory health, body composition, and muscle function.
Both aerobic and resistance exercise training exert multiple beneficial effects on the aging body. In humans,
aging impairs multiple biological processes from a molecular to organismal level, and affects mental and
cardio-respiratory health, body composition, and muscle function. Muscle morphology, fiber size, and
functional properties including strength, are preserved by lifelong physical activity. The molecular
mechanisms by which older humans maintain musculoskeletal function are of emerging interest, particularly
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in developed nations with aging populations [4,5].

NAD+ is a coenzyme that is involved in cellular redox reactions and is a substrate for NAD-dependent
enzymes. The involvement of NAD+, nicotinamide phosphoribosyl transferase (NAMPT) and SIRT1 in the
regulation of metabolism and aging has been systematically presented by researchers. The NAD+/NADH ratio
may influence ROS formation and oxidative stress due to the regulation of intracellular ATP production,
redox state, and metabolic enzymes. With age, NAD+ and nicotinamide mononucleotide (NMN) levels
decrease and NADH levels increase. The NAD+/NADH ratio plays an important role in regulating the
intracellular redox state, and several enzymes involved in regulating metabolism are regulated by the
NAD+/NADH ratio. The NAD+/NADH ratio is an indicator of cellular reduction potential and is regulated by
small changes in NAD+ concentration. Aging appears to be enhanced when the NAD+/NADH ratio shifts
toward NADH [6,8].

In cells, telomerase activity and nicotinamide adenine dinucleotide (NAD+) are indispensable antiaging
factors for cellular survival. Telomere length is a primary biomarker of cellular aging that has recently been
associated with cardiovascular disease, insulin resistance and hypertension, and morbidity and mortality. In
certain cells, the ribonucleoprotein, telomerase, maintains and lengthens telomeres, allowing continued mitotic
activity without progression to senescence. In cells with telomerase activity, telomere length can be
maintained, therefore delaying senescence and tissue aging. In addition, there is growing research interest in
studying the physiological effects of NAD+ given that increased NAD+ levels are related to an increase in
longevity and NAD+ levels fluctuate in response to exercise and nutritional stimuli. It is clear that physical
activity and exercise induce to increase in telomerase activity and NAD+ level with antiaging properties in the
cells [9,4].

In order to find the relationship between NAD+ as a signaling molecule and telomerase as an indicator, with
exercise and the aging process, we conducted a review on several studies in order to fund direct relationship
between diet, type of exercise and intensity.

2. Telomerase Activity in the Physical Exercise

Whereas the reduction of disease end points will necessarily increase longevity, whether physical activity also
directly affects cellular aging remains unclear for either rodents or humans. Telomere length is a primary
biomarker of cellular aging that has recently been associated with cardiovascular diseases, insulin resistance
and hypertension, and morbidity and mortality. In the present study, we explored the correlation of physical
activity levels with telomere length and telomerase enzyme activity. Telomeres are found on the ends of linear
chromosomes and act as a mitotic clock, which shortens with every cell division until cellular senescence.
Thus, telomeres are considered an important aging biomarker. Telomeres and their length are not, however,
static entities but rather are a dynamic system. In certain cells, the ribonucleoprotein, telomerase, maintains
and lengthens telomeres, allowing continued mitotic activity without progression to senescence. In cells with
telomerase activity, telomere length can be maintained, thus delaying senescence and tissue aging. Human
cells with telomerase activity include germ line cells, embryonic and stem cells, and adult proliferating cells
such as those found in the immune system [10].

3. NAD+ Level in the Physical Exercise

NAD+ is an indispensable molecule for cellular survival. For example, NAD+ is an essential redox molecule
used for ATP production and it is a substrate for poly-ADP ribose polymerases (PARPS), which are involved
in repairing DNA damage. NAD+ is also important for the generation of Ca2+-mobilising second messengers.
In both humans and rodents, NAD+ concentrations and sirtuin activity reportedly decline with aging in a
tissue-specific manner. Diminished sirtuin activity in human skeletal muscle may impair oxidative capacity
and mitochondrial function, and lead to sarcopenia [11]. Nicotinamide adenine dinucleotide (NAD+) and its
phosphorylated form (NADP+) are key molecules in ubiquitous bioenergetic and cellular signaling pathways,
regulating cellular metabolism and homeostasis. Thus, supplementation with NAD+ and NADP+ precursors
emerged as a promising strategy to gain many and multifaceted health benefits. In this proof-of-concept study,
we sought to investigate whether chronic nicotinamide riboside administration (an NAD+ precursor) affects
exercise performance and as we know, there is growing research interest in studying the physiological effects
of nicotinamide adenine dinucleotide (NAD+) given that increased NAD+ levels are related to an increase in
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longevity and NAD+ levels fluctuate in response to exercise and nutritional stimuli. NAD+ is continuously
consumed as a substrate in adenosine diphosphate (ADP)-ribosylation, cyclization, and deacylation reactions
that influence many physiological processes. Exercise really does influence how we age, and a new study
shows how regular exercise in later life can help offset the decline of NAD+ and NAMPT, two important
molecules that facilitate cellular energy production, in skeletal muscle [12].

4. Effects of Training Modality and Type of Physical Activity on Telomere Biology

According to the upcoming studies, it seems that the training method is an important factor that should be
investigated in terms of its effect on telomere dynamics. However, such consideration of different teaching
methods in telomere biology is rare. In a study, researchers compared the effect of different exercise methods
(such as resistance training or RT, endurance training, and interval training) on the activity of telomere length
(TL) and telomerase. Endurance and interval training protocols increased TL and telomerase activity.
However, RT did not register any such difference. Therefore, although RT can be integrated into other
exercise modalities, RT alone may not be sufficient as a substitute for endurance or interval training to induce
any changes in TL [13].

Regarding the type of exercise, an observational study by Loprinzi et al. Comparing different physical
activities with different metabolic demands (eg, weightlifting, basketball, cycling, running) showed that only
running could be positively related to TL maintenance. This association of TL maintenance with running may
also help explain the protective effects of aerobic exercise on the incidence of cardiovascular disease and all-
cause mortality (14) and that several chronic diseases are associated with telomere attrition [15].

Exercise intensity is a critical factor not only in sports training programs but also in the telomere environment
and aging. However, selected studies provide conflicting findings on whether moderate or vigorous exercise
has a beneficial effect on telomere dynamics. Researchers examined participants enrolled in the large-scale
Nurses' Health Study and showed that moderate exercise is sufficient to maintain leukocyte TL in women.
That is, the relationship between the level of physical activity (in terms of intensity and frequency) and TL
was described as an inverted U-shaped curve, which indicates that the average level of exercise has a
beneficial effect on TL [16].

5. NAD+ depletion influences ATP production, ROS generation and antioxidative defense

It seems that with age, the level of NAD+ decreases and the level of NADH increases. In other words,
dysfunctional mitochondria and increased glycolysis create a state of "reduced stress", in which NADH is
overproduced and NAD+ is reduced [17]. Depletion of NAD+ affects mitochondrial ATP production,
"reduction stress" and ROS production, as well as impairment of antioxidant defense and DNA repair. For
example, mitochondrial dysfunction with aging was reported when cells lacked sufficient NAD+. The level of
NAD+ is required for the formation of NADPH, which is required for the regeneration of glutathione and
catalase inactivated by H202 and is important in the thioredoxin antioxidant system [18-20]. One study found
that increasing NAD+ levels in mice using nicotinamide mononucleotide (NMN), a precursor to NAD+, was
able to improve their energy metabolism, reduce DNA damage, and increase lifespan [21]. Similarly, other
research has shown that boosting NAD+ levels can help protect against age-related diseases and improve
overall health [22-23]. There are several factors that can contribute to the decline of NAD+ levels with age,
including oxidative stress, inflammation, and the loss of certain enzymes [24].

6. Conclusions

The review of various research shows a direct relationship between exercise and changes in telomere size and
NAD+ level, both of which have a direct effect on the aging process. But the point that is thought-provoking
in all studies is the existence of a relationship between the intensity and duration and the manner of physical
exercises and biological molecules in the aging process. As a result, the type and intensity of exercises are
decisive in the process of reducing aging through signaling molecules and should be included in the agenda of
studies.

This conducted reviw shows that most studies emphasize the positive effects of physical activity on telomere
dynamics, there is no consensus on the most beneficial type of exercise and exercise method (intensity,
duration and frequency). In addition, physical inactivity is a major risk factor for cardiovascular disease and
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several other chronic diseases, independent of exercise. It should be noted that the reduction of sedentary
behavior has a profound and positive effect on maintaining and/or increasing TL. Calorie restriction and
physical activity are the best strategies to improve NAD+ levels. Although most studies emphasize the
beneficial role of physical activity on telomere dynamics, NAD+ levels, and aging, the molecular events in
maintaining and/or increasing TL length and NAD+ levels are not well understood. The levels of NAD+ and
NADH in the body change with age in ways that can impact health and longevity. Boosting NAD+ levels
using supplements and other interventions may have potential benefits for age-related diseases and overall
health. Future studies should provide more detailed information about the participants' physical fitness level as
well as the characteristics of the exercise training method for standardization and comparison in order to reach
a more definitive conclusion.

In order to reach a consensus on the direct relationship between aging and telomere length and NAD+ level,
we need to set up a regular program that includes important factors such as proper planning of physical
exercises at weak, moderate, and intense levels, as well as proper diet planning. food and finding the
relationship between calorie intake and the level of molecular markers.

Declaration of competing interest

The authors declare that they have no known financial or non-financial competing interests in any material
discussed in this paper.

References

[1] Kontis, Vasilis, James E. Bennett, Colin D. Mathers, Guangquan Li, Kyle Foreman, and Majid Ezzati,
"Future life expectancy in 35 industrialised countries: projections with a Bayesian model ensemble." The
Lancet 389, no. 10076, 1323-1335, (2017).

[2] Alinia-Ahandani, Ebrahim. "Milk-increasing medicinal plants.” J. Pharm. Sci. Res 10, no. 1 (2018).

[3] Alinia-Ahandani, Ebrahim, Habibollah Nazem, Ani Boghozian, and Zahra Alizadeh. "Hepatitis and some
effective herbs: A review." EAS J. Parasitol. Infect. Dis 1, no. 1, 20-27, (2019).

[4] Alinia-Ahandani, Ebrahim, Habibollah Nazem, Ani Boghozian, and Zahra Alizadeh. "Hepatitis and some
effective herbs: A review." EAS J. Parasitol. Infect. Dis 1, no. 1, 20-27, (2019).

[5] Sheydaei, Milad, and Ebrahim Alinia-Ahandani. "Cancer and polymeric-carriers." Biomed J Sci & Tech
Res 31, no. 2, 24107-24110, (2020).

[6] Massudi, Hassina, Ross Grant, Gilles J. Guillemin, and Nady Braidy. "NAD+ metabolism and oxidative
stress: the golden nucleotide on a crown of thorns." Redox Report 17, no. 1, 28-46, (2012).

[7] Alinia-Ahandani, Ebrahim. "Medicinal plants with disinfectant effects." J. Pharm. Sci. Res 10, 1-1,
(2018).

[8] Sheydaei, Milad, Shabnam Shahbazi-Ganjgah, and Ebrahim Alinia-Ahandani. "An Overview of
Antibacterial Materials: Plants, Polymers and Nanoparticles." International Journal of Medical Reviews 9,
no. 3, 333-343, (2022).

[9] Alinia-Ahandani, E., M. Sheydaei, B. Shirani-Bidabadi, and Z. Alizadeh-Terepoei. "Some effective
medicinal plants on cardiovascular diseaaes in Iran-a review." J Glob Trends Pharm Sci 11, no. 3, 8021-
8033, (2020).

[10] Chen, Huigiang, Xianbao Liu, Wei Zhu, Han Chen, Xinyang Hu, Zhi Jiang, Yinchuan Xu et al. "SIRT1
ameliorates age-related senescence of mesenchymal stem cells via modulating telomere
shelterin.” Frontiers in aging neuroscience 6, 103, (2014).

[11] Poljsak, B, and Milisav, I. NAD+ as the link between oxidative stress, inflammation, caloric restriction,
exercise, DNA repair, longevity, and health span. Rejuvenation research, 19(5), 406-413, (2016).

[12] Crisol, Barbara M., Camilla B. Veiga, Renata R. Braga, Luciene Lenhare, Igor L. Baptista, Rafael C.
Gaspar, Vitor R. Muiioz et al. "NAD+ precursor increases aerobic performance in mice." European
Journal of Nutrition 59, no. 6, 2427-2437, (2020).

29



BES Vol. 3, No. 1, September 2022, pp.26-30

[13] Werner, Christian M., Anne Hecksteden, Arne Morsch, Joachim Zundler, Melissa Wegmann, Jurgen
Kratzsch, Joachim Thiery et al. "Differential effects of endurance, interval, and resistance training on
telomerase activity and telomere length in a randomized, controlled study." European heart journal 40,
no. 1, 34-46, (2019).

[14] Schellnegger, Marlies, Alvin C. Lin, Niels Hammer, and Lars-Peter Kamolz. "Physical Activity on
Telomere Length as a Biomarker for Aging: A Systematic Review." Sports Medicine-Open 8, no. 1, 1-25,
(2022).

[15] Tamura, Yoshiaki, Kaiyo Takubo, Junko Aida, Atsushi Araki, and Hideki Ito. "Telomere attrition and
diabetes mellitus." Geriatrics & gerontology international 16, 66-74, (2016).

[16] Savela, Salla, Outi Saijonmaa, Timo E. Strandberg, Pentti Koistinen, Arto Y. Strandberg, Reijo S. Tilvis,
Kaisu H. Pitkala, Tatu A. Miettinen, and Frej Fyhrquist. "Physical activity in midlife and telomere length
measured in old age." Experimental gerontology 48, no. 1, 81-84, (2013).

[17] Imai, S., & Guarente, L. "NAD+ and sirtuins in aging and disease ". Trends in cell biology 24(8), 464-
471. (2014).

[18] Klimova, Nina, Adam Fearnow, and Tibor Kristian. "Role of NAD+—Modulated Mitochondrial Free
Radical Generation in Mechanisms of Acute Brain Injury.” Brain Sciences 10, no. 7, 449, (2020).

[19] Alinia-Ahandani, Ebrahim, Zahra Alizadeh-Terepoei, Milad Sheydaei, and Fatemeh Peysepar-Balalami.
"Assessment of soil on some heavy metals and its pollution in Roodsar-Iran." Biomed J Sci & Tech
Res 28, no. 5, 21977-21979, (2020).

[20] Braidy, Nady, Gilles J. Guillemin, Hussein Mansour, Tailoi Chan-Ling, Anne Poljak, and Ross Grant.
"Age related changes in NAD+ metabolism oxidative stress and Sirtl activity in wistar rats." PloS one 6,
no. 4, 19194, (2011).

[21] Zhang, H., et al. "Nicotinamide mononucleotide, a key NAD+ intermediate, treats the pathophysiology of
diet- and age-induced diabetes in mice" Cell metabolism, 24(2), 269-281. (2016).

[22] Houtkooper, R. H., et al., "The NAD(+) precursor nicotinamide riboside enhances oxidative metabolism
and protects against high-fat diet-induced obesity" Cell metabolism, 15(6), 838-847, (2012).

[23] Zarse, K., et al. "Low-dose nicotinamide adenine dinucleotide altered redox state in muscle and improved
insulin sensitivity in humans". Diabetes, 61(3), 688-697. (2012).

[24] Chen, D., et al. "The NAD (+)/Sirtuin Pathway Modulates Longevity through Activation of
Mitochondrial UPR and FOXO Signaling". Cell reports, 17(5), 1353, (2016).

30



