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ABSTRACT

There are many types of training for exercise in this current era where personalized workout is very
popular nowadays. One of the popular workout regimens is the high intensity interval training where it only
took half a time than a normal workout time, which may encourage people to exercise more. Recent studies
had shown that exercise influence biological aging process, one of the markers is telomere length. One of
the characteristics of cellular aging is telomere shortening, where the telomeres shorten as people age. There
are many factors that may hasten or slow down this process, which is oxidative stress, lifestyle, chronic
inflammation, stress, chronic diseases, and exercises. The primary goal of this literature review is to analyze
and investigate the correlation between high intensity interval training (HIIT) and telomere length. The
approach taken for this review is from multiple journals using many searches engine like Google Scholar,
PubMed, Science Direct and Mendeley Search. The results for each article were reviewed and compared to
determine the correlation between high intensity interval training with telomere length. The conclusion of
this study showed that people who exercise with high intensity interval training have a considerable
lengthening of telomeres.
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INTRODUCTION

Sarcopenia is a condition characterized by age-related loss of skeletal muscle mass, strength, and
function. It is a common consequence of aging and can lead to decreased mobility, increased frailty, and a
higher risk of falls and fractures®. Resistance training also known as strength training has been widely
recognized as an effective intervention for preventing and managing sarcopenia. The scientific basis behind
the importance of resistance training lies in its ability to stimulate muscle growth and improve muscle
strength. When muscles are subjected to resistance exercises, such as lifting weights or using resistance
bands, they experience mechanical tension and stress. This stress triggers a cascade of physiological
responses in the body, leading to muscle protein synthesis and an increase in muscle mass and strength over
time?.

Numerous studies have investigated the effects of resistance training on sarcopenia. A systematic
review and meta-analysis published in the journal Aging and Disease 2020 analyzed the effects of exercise
programs for muscle mass, muscle strength and physical performance in older adults with sarcopenia. The
review included data from 22 studies and reported Exercise programs showed overall significant positive
effects on muscle strength and physical performance but not on muscle mass in sarcopenic older adults®. A
meta-analysis published in the journal Sports Medicine in 2020 a randomized controlled studies that
explored the effects of resistance training in very elderly on muscle strength, handgrip strength, whole-
muscle hypertrophy, and/or muscle fiber hypertrophy were included in the review. The meta-analysis found
a significant effect of resistance training on muscle strength in the very elderly*.
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Many traditional workouts need an hour or more of time commitment, which discourages many
individuals from working out. High intensity interval training (HIIT) eliminates this restriction by reducing
the time needed for a productive workout in half. HIIT is a high intensity of exercises with intervals and
the duration is about half an hour. HIIT goal is to reach a significant increase of heart rate (80-90% of
maximum heart rate). A survey from 2014-2022 by the American College of Sports and Medicine found
that HIIT was among the top 10 fitness regimens. The aforementioned physical activity typically comprises
of arduous exertion promptly succeeded by a brief pause in activity. Despite the wide variety of movements
that exist within High-Intensity Interval Training (HIIT) programs, the critical element lies in the execution
of high-intensity movements, which are subsequently interspersed with phases of rest and recovery®.

Eukaryotic chromosomes have telomeres, a DNA-specific structure made up of consecutive repeats
of DNA strands. By keeping chromosomal ends from fusing together, telomeres are essential for
chromosomal stability and maintenance. Enzyme telomerase maintains the telomere integrity. In humans,
shortening of the length of telomeres indicates an aging process. The consequential constraints of DNA
polymerase in replicating the 3' termini of telomeres instigate an attrition of 30 to 150 base pairs during
each cellular division. Telomere length and chronological age are closely related, and the former is even
used as a measure of biological age or cellular aging. When the length of telomeres surpasses certain
predetermined thresholds, cellular proliferation decelerates, the functionality of the cell may depreciate,
and the possibility of cellular demise is likely to transpire. The telomere length is not the sole factor that
influences chromosomal instability, cell aging, or apoptosis; disruption of related proteins also may cause
this problems.

People with active physical training have longer telomeres than people with a sedentary lifestyle,
which shows there is a noteworthy correlation between physical activity and telomere length. The latest
research investigates the correlation between physical activity and the reduction in telomere length shows
that regular exercise increases antioxidant activity and promotes REDOX equilibrium, which may attenuate
telomere shortening 78910,

Several investigations are still being conducted as the classification of the impact of different
exercise protocols on telomere length remains elusive. This literature review aims to explore various
research findings about the relationship between high intensity interval training (HIIT) and telomere length.

METHODS

The approaches taken for this literature review are the internet journal and article searches using
Google Scholar., PubMed, Science Direct, and Scopus with keyword “high-intensity interval training” and
“telomere length”. The inclusion criteria are journal between 2013 to 2023.

RESULTS
We included 3 studies that have been analyzed in the table below.
Table 1. The high intensity interval training correlates with the telomere length

No. Author and Design Sample Intervention Length of  Results
Publications given study
1 Werner et al, 2019 Cohort study 124 menand  AET, HIIT and 6 months Through endurance
women RT 3 session per training and high-
Age 30-60 week intensity IT,

telomerase activity
and telomere
length are
significantly
increased. But
resistance training
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has no effect on
the activity of
telomerase or the
length of the
telomeres.

2 Mofrad et al, 2018 Quasi- 30 men HIIT exercise 3 8 weeks Telomere length
experimental session a week and telomerase
pre-post with an intensity activity both
intervention of 150 — 175% significantly
study maximum increased (p0.001).

power.

3 Mosallanezhad et al, quasi- 21 women HIIT exercise 3 8 weeks Leucocyte

2019 experimental Age 20 - 26 session a week telomere length
pre-post (p=0.04) and
intervention telomerase activity
study (p=0.04) have both

significantly
increased.
DISCUSSION

a. Telomere Length

The ratio of lengthening to shortening, which dictates the average length and length distribution of
telomeres, is influenced by various factors, encompassing genetic, physiological, and developmental
aspects. that contribute to telomere maintenance in eukaryotic cells. The maintenance of telomeres, which
are structures located at the ends of chromosomes in eukaryatic cells, is dependent on several factors. Two
significant factors include the telomerase activity and the components of the telomere itself. These factors
are essential to prevent the progressive shortening of telomeres during cell division, and to ensure
chromosomal stability and overall cellular health?.

At the ends of chromosomes the are telomeres sequence of repeated DNA (5-TTAGGGnN-3') that
work with telomere-binding proteins to prevent DNA ends from being damaged?2. In order to maintain the
stability of the genome and the chromatin structures necessary for transcription, telomere length is
necessary3. Telomere length is arranged by two opposite mechanisms, which are attrition and elongation.
Enzyme telomerase regulate elongation of telomere partially, so telomere could possible reverse rejuvenates
cells and maintaining cellular aging. This can maintain and/or lengthen telomeres in some tissues, which
can prevent telomere shortening 4. Telomere has role as bioprotective of chromosome attrition at cells.
Aging process can make telomere DNA damaged, inadequate mitotic tissue replication, unrepaired
telomere DNA damaged, and telomere end processing all contribute to telomere shortening over time?®,

It is widely believed that the length of telomeres remains stable throughout childhood and into
adulthood but experiences a gradual decline during the later stages of adulthood. Inter-individual
differences are notable regarding telomere length and its rate of attrition throughout the lifespan. Due to the
observed inverse correlation between age and telomere length, it has been postulated that telomere length
may serve as a plausible cellular biomarker for biological aging®. Moreover, leukocyte telomere length
appears to be a biomarker for healthy aging because it is positively correlated with the many years lived in
good health'’.

b. High Intensity Interval Training (HIIT) Association with Cellular Aging (Telomere Length)

Physical exercise and persistent endurance training are linked to a reduction in morbidity and mortality
as well as a delay in cellular aging'® When compared to counterparts who are sedentary, people who
consistently engage in moderate to high levels of physical exercise had longer telomere length in various
tissues?®.
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Many journals showed physical exercises can reduce oxidative stress (cell damaged) due to production
of ROS. Oxidative stress can lead aging process by chromosomes damaged and shortening telomere length.
In many articles found one of the effective exercises is HIIT. High-intensity interval training has been found
to have potential for reducing body fat and enhancing the strength and endurance of skeletal muscles. HIIT
has role in reduction and prevention of disease symptoms, moreover telomere length. The proper types of
aerobic exercise can decrease the risk of cardiovascular and metabolic disorders. However, this can be time
consuming. Additionally, some restrictions are posed by the nature of particular workouts, such as
endurance exercises, which require for constant effort. It would appear important in this regard to
investigate an alternative training regimen that would provide comparable metabolic adaptations without
the time commitment concern. High-intensity interval training (HIIT) is one of the workout regimens that
exercise physiology researchers have recently investigated. HIIT consists of periods of vigorous exercise
and periods of low-intensity activity throughout the recovery period. In HIIT, the intervals of low-intensity
exercise between repeated exercise intervals mean that more exercises are performed with higher rates of
effectiveness®®.

There are three studies evaluated how telomere length is influenced by high-intensity interval training.
According to one study using a randomized controlled trial, endurance training, interval training, and
resistance training treatments cause circulating leucocytes to activate particular biological pathways.
Telomere length and telomerase activity, which are vital to cellular senescence, regenerative ability, and
consequently healthy aging, were improved by endurance training and interval training and not resistance
training°.

Another study revealed that 30 inactive students were randomly assigned to two groups for the semi-
experimental study's eight weeks of HIIT training in non-athlete young men. The exercise group consisted
of 15 participants, while the control group included 15 participants. With an intensity ranging from 150 to
175% of their maximal power (Pmax), the workout group practiced HIIT for 8 weeks in 3 sessions each
week. The subjects in the control group did not regularly practice sports. Telomere length and telomerase
activity were assessed using 10 milliliters of blood retrieved from the brachial veins of patients prior to and
post completion of their final exercise session, with a time lag of 24 hours for each collection. The statistical
tool known as the dependent t-test was employed to examine intra-group variations, while the independent
t-test was utilized to evaluate differences within groups. The results of this study found a significant increase
in telomere length (P = 0.001) and telomerase activity (P = 0.001). So, HIIT appears to have the ability to
change telomerase activity and telomere length. As a result, this training might benefit cell biology?®.

The purpose of the third study was to examine the effect of eight-week high-intensity interval training
(HIIT) on telomere length and telomere factors of leukocytes in sedentary young women. This study
demonstrated a significant increase in telomerase activity (p=.04) and leukocyte telomere length (T/S ratio)
(p=.04) in the experimental group. In addition, the experimental group's weight, BMI, and body fat
percentage all dramatically dropped. The experimental group engaged in three HIIT workouts each week
for eight weeks. Every session featured three to six runs at top speed over a 20-meter distance with a 30-
second break in between. Blood samples from fasting subjects were taken both before and after the exercise
protocol. Real Time PCR was used to measure the telomere length. Both independent and paired t-tests
were used to assess the data'®.

The limitations in this study due to a lack of research about correlation of high intensity training
and sarcopenia in elderly, so in this study there is a lack of comparisons for each research. High intensity
training can be an alternative to improve strength of skeletal and muscle mass in sarcopenic patient (elderly
patient). It is hoped that future sport research will be conducted with a larger sample size, gender balance,
and specific age restriction criteria.

CONCLUSION
Recent studies had shown that high intensity interval training significantly influence biological aging
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process, one of the markers is telomere length and telomere activity. One of the characteristics of cellular
aging is telomere shortening. The results of our literature review show that high intensity interval training
has the effect of lengthening the telomere. But this factor can be influenced by age, sex and different
population. More investigation is required to determine what type, intensity and duration of the exercise
that can improve the cellular aging, including the shortening of telomeres.
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