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Abstract

BACKGROUND/AIMS: Telomeres are nucleotide repeats that cap the end of each chromosome arm and ensure the stability of the genome.
The telomere length is amongst the most dependable markers of senescence at the cellular level. It is known that telomeres become shorter
with each cell division; accordingly, telomere loss correlates with the process of aging in vivo. This research aimed to investigate the effect of

neuroeducational methods on 20" telomere length shortening.

MATERIALS AND METHODS: Twenty healthy women participated in this study, and ten of them attended regular neuroeducational sessions.
We were searching for the impact of lifestyle on cellular aging by measuring the value of the 20™ percentile of telomeres before and after the

neuroeducational sessions.

RESULTS: The median of the 20" percentile value in the experimental group was 5.8 kb before the study and 5.6 kb after the study (p<0.05).
The median of the 20" percentile value in the control group was 6.4 kb before the study and 5.7 kb after the study (p<0.001).

CONCLUSION: The findings show that neuroeducational methods relieve stress and make telomere shortening slower, as we were expecting.
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INTRODUCTION

Aging is a physiological process that involves finite changes at the
genetic and epigenetic levels." On the genetic level, the most important
driverstend to be epigenetic dysregulation, DNA damage, mitochondrial
dysfunction, and telomere damage, which can cause stable, irreversible
growth of cells.? In recent studies, telomeres have been intensively
studied, and their reliability in indicating biological aging on the cellular
level is significant.’ Telomeres are caps (highly conserved tandems of
nucleotide repeats) that include proximal double-stranded and distal
single-stranded regions that, in complex with shelterin proteins, afford

protection at the chromosomal ends to maintain genomic solidity.* If
there is no compensatory elongating mechanism, telomeres get shorter
with every cell division. Telomerase can elongate telomeres de novo
during cell severance, but after birth, most telomerases are silenced
in somatic cells, and telomeres then undergo oxidative stress and age-
dependent incremental attrition.> Short or dysfunctional telomeres are
recognized as DNA double-stranded breaks, triggering cells to undergo
replicative senescence.*

The telomere 20" percentile is the shortest quintile of telomeres,
indicating a telomere length below 20%, while usually the median
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telomere length represents the 50" percentile in the distribution of
cell telomere lengths. The telomere 20" percentile more precisely
represents the impact of telomeres on the general health state. This is
important because the latest research shows that short telomeres cause
the aging processes and the collateral effects of aging.® It is known that
short telomeres trigger permanent and harmful damage to the cell, in
this way provoking precocious biological aging, unless they are repaired
by telomerase.” Furthermore, there are telomere-based therapies,
for example, TA-65 (natural telomerase activator product), that have
provided apparent positive immune remodeling and beneficial
effects on metabolic, bone, and cardiovascular health, although they
have failed to prolong life.® In this context, not only pharmaceutical
preparations but also lifestyle and emotional state are being intensively
examined, and some studies have contributed to demonstrating that
this can prolong telomere lengths. A theory was put forward and
some clinical trials were conducted to prove the impact of lifestyle on
telomere length.? Oxidative stress is one of the most important triggers
that interfere with the normal functioning of the body. It can arise due
to the accumulation of reactive oxygen species (ROS), a phenomenon
that increases with age and is accompanied by a reduction in protective
mechanisms; this eventually causes a wide range of DNA lesions,
leading to mutations and disruption in the epigenetic state of the cell.

As suggested, telomeres can be restored by physical activity, which is
one of the main ways to relieve stress.? One of the first studies that
explored the correlation between regular exercise and telomere length
in humans was directed by Cherkas et al. In a cross-sectional survey of
2,401 white men and women, they showed that lymphocyte telomere
length (LTL) was positively associated with higher physical activity
levels." However, an inactive lifestyle, particularly stress, can potentially
lead to oxidative stress through chronic activation of the autonomic
and neuroendocrine stress responses; also, it was proven that oxidative
stress shortens telomeres in cells cultured in vitro."" Recently, the
emerging field of “neuroeducation”, also frequently referred to as
“mind, brain, and education” or “educational neuroscience”, has been
developing. It is known that on a psychological level, some art and
mindfulness, and stress management techniques can help people to
maintain their emotional stability. However, it is still questionable
if those techniques can protect against telomere shortening or if
they can be useful on a biological level. This field is also considered
the scientifically substantiated art of teaching which embraces many
overlapping tenets of brain-based teaching and learning and cognitive
neuroscience.'” Alberto Olivero wrote that “education has the task
to shape the brain”, and neuroeducation is centered on the neural
plasticity feature of the brain that produces neurons and countless
connections under the influence of experience.”™ Different methods can
be used in neuroeducation activity programs, such as meditation, art
therapy, visualization, language codes, yoga, and mindfulness therapy,
all of which have the same purpose: to help the human being to handle
stress and to protect them from harmful effects. Several study-based
articles suggest mechanisms by which various therapies reduce the
cortisol level, which is an indicator of stress levels.”™

MATERIALS AND METHODS
Study Design

To assess the neuroeducational methods’ influence on telomere
shortening, we used a paired-sample, prospective, randomized study.
The Institute for Personality Development “Rafaelis” designed and
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managed this study; the participants’ medical histories were gathered,
blood samples were taken at the InMedica Clinic (Vilnius), and genetic
tests were performed at the Life Length laboratory (Madrid). This study
is a continuation of a previous one in which we analyzed the length of
telomeres."

The research lasted for six months and involved 20 healthy women aged
20 to 59 years.

We included only women in this study so that the cohort would be
more homogenous because studies show that there are differences in
telomere length between genders."

Forfourcontinuous months, 50% of the participants (10 women) attended
regular neuroeducational sessions (20 hours per month) in which
various methods were applied (theoretical and neuroeducational). The
neuroeducational methods we used in our research were copyrighted
works created by Marija Mendele-Leliugiené (Institute for Personality
Development “Rafaelis”). Altogether, 57 different neuroeducational
methods and their varied algorithms were used in this research.
Participants who were in the study group participated in intense (20
hours/month; 80 hours in total) neuroeducational classes, including art
therapy, stress management techniques, visualization, and meditation,
as described in the methodological book."” The main neuroeducational
methods were divided into groups:

1) Exercises/tests: These are additional components of education
that are specifically designed to achieve the desired educational
goal. Exercises are designed for relaxation, concentration, emotional
recognition, control, and release.

2) Visualizations: The seven visualizations were meant to be the main
motivational keys that could help a person go through their thinking
process, sometimes even resulting in mindset/attitude permanent
changes, helping to understand, comprehend, assimilate and realize
the importance of emotions management, and enabling a person to
take full responsibility for their decisions.

3) Verbal codes: Verbal codes are phrases used for self-awareness/
self-perception, self-integration, perception of reality, mindset, and
behavioral correction. Applying verbal codes enables a person to forgive
themselves and others and motivates a person to choose how to live.

4) Art therapy methods: To create unique conditions for the participant
to remember the feelings, emotions, and inner states which then are
used as the main source of self-regulation.

Another 10 women participated as a control group.

Measurement of Telomere Length

The median telomere length was measured at the life length laboratory
in Spain. In this study, we used high-throughput (HT) quantitative
fluorescence in situ hybridization (Q-FISH). We chose this technique
because of its ability to analyze cells, unlike other techniques such
as TRF and polymerase chain reaction-substantiated assays where
the substrate is DNA. This Q-FISH method is adapted for cells fixed in
interphase. The HT technique is automatized and not labor-intensive,
which makes it suitable for use in large studies.

Following the methodology of Serapinas and colleagues (2020),
the counts of defrosted cells at 37 °C were checked, and after that,
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control and sample lymphocyte lines were cultured in black-walled
clear-bottom 384 plates. Methanol/acetic acid (3/1, vol/vol) was used
to complete cell fixation. Telomeres were hybridized in situ with
a fluorescent peptide nucleic acid (PNA) probe (binds to sequence
Alexa488-00CCCTAACCCTAACCCTAA,  Panagene).  Following  this,
the cells were washed, and a fluorescent stain (DAPI) was added to
improve the contrast of the DNA. To accomplish the imaging of the
cells and telomeres, a 40x0.95 NA water immersion objective was
used. Signals from DAPI were distinguished by UV wavelength, and
those from Alexa488 were distinguished by 488 nm wavelength. The
images were analyzed using the High Content Screening Opera System
(Perkin Elmer, USA) on Acapella software, Version 1.8 (Perkin Elmer).
Further interpretation of telomere length was carried out using life
length’s proprietary program.

Statistical Analysis

Statistical analysis was conducted on all of the gathered data using
the SPSS (Statistical Package for the Social Sciences) software (version
27.0. Armonk, NY, IBM Corp). To compare 20" percentile value changes
between the first and second measurements in both groups, a non-
parametric paired Wilcoxon test was performed. The Mann-Whitney U
test was used to compare the variation in the 20" percentile of telomeres
between the control and experimental groups. Spearman’s correlation
test was used to assess the correlation between two variables.

The study was reviewed and approved by the Bioethics Center of the
Lithuanian University of Health Sciences; the approval number is BEC-
MF-863.3.

RESULTS

This study included an analysis of women of different ages. Q-FISH was
performed on all participants before and after the study. Figure 1 shows
the Q-FISH of our randomly selected participants.

The participants’ average biological age was 42.6 years (minimum:
21.6 years, maximum: 59.8 years). 40.05 years was the average
chronological age (minimum: 20.7 years, maximum: 59.3 years). There
was a statistically significant difference between their biological and
chronological ages (p<0.05). Before the study, the median telomere
length was 10.8 kb (minimum: 9.4 kb, maximum: 12 kb), and the
population percentage was 40.5% (minimum: 1%, maximum: 81%).
However, there was no statistically significant difference between the
experimental and control groups in the demographic data (Table 1).

Table 1. Demographic data of experimental and control groups
Parameter

Biological age in years (mean + SD)

Chronological age in years (mean + SD)

BMI (mean + SD)

Physical activity (number of women)

Smoking status (number of women)

Daily life stress (number of women)

Value of the 20" percentile (kb) before the research (median + SD)
Value of the 20" percentile (kb) after the research (median + SD)

SD: standard deviation, BMI: body mass index
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Changes in the Value of the 20" Percentile

The experimental group’s median 20" percentile value was 5.8 kb
(minimum: 4.9 kb, maximum: 7.1 kb) prior to the research and 5.6 kb
(minimum: 4.6 kb, maximum: 6.5 kb) after the research (p<0.05). The
control group’s median 20" percentile value was 6.4 kb (minimum: 4.9
kb, maximum: 7.4 kb) prior to the research and 5.7 kb (minimum: 4.6
kb, maximum: 6.3 kb) after the research. The change in the control
group’s 20" percentile value was statistically significant (p<0.001)
(Figure 2).

The mean difference of the 20" percentile of telomeres between the
first and second measurements in both groups was 0.52 kb (minimum:
-0.50 kb, maximum: 1.20 kb).

Measurement of the 20" percentile value in both groups showed that
in the experimental group, the 20" percentile decreased in 8 of the
10 participants. However, in the control group, the value of the 20"
percentile decreased in all 10 participants.

The Influence of Daily Habits on the 20™ Percentile

Every participant (n=20) was asked about their daily lifestyle and habits.
We analyzed three aspects of lifestyle: Stress from daily life, physical
activity, and smoking. The surveys were created based on self-reports
from the participants: If the person was suffering extreme stress daily,
life was described as stressful. Respondents were classified as physically

Figure 1. Telomere visualization with quantitative fluorescence in
situ hybridization.

Experimental group (n=10) = Control group (n=10) p-value
44.901+8.17 42.93112.11 >0.05
41.00+7.88 42.02£11.90 >0.05
22.3612.65 21.97+3.30 >0.05
5 4 >0.05
2 4 >0.05
5 8 >0.05
5.9710.72 6.3410.74 >0.05
5.60+0.73 5.67+0.53 >0.05
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Table 2. The impact of lifestyle on the 20™ percentile (kb)
Yes No
Factor p-value
Median Min. Max. Median Min. Max.
Smoking 6.35 5.6 7.4 6.0 49 73 >0.05
Tense life 6.4 49 7.4 6.5 49 7.1 >0.05
Physical activity 5.8 49 7.4 6.3 49 7.3 >0.05
Min.: minimum, Max. maximum.
active if they participated in sports or other forms of physical activity for DISCUSSION

a minimum of 60 minutes each day. We observed that for participants
whose lives were more stressful (n=13), the median 20" percentile value
at the initial blood sampling was 6.2 kb (minimum: 4.9 kb, maximum:
7.4 kb), while for those whose lives were less stressful (n=7), it was 6.5
kb (minimum: 4.9 kb, maximum: 7.1 kb). There was no statistically
significant difference between these groups (p>0.05). Smoking women
(n=6) had a median 20" percentile value of 6.35 kb (minimum: 5.6
kb, maximum: 7.4 kb), while non-smokers (n=14) had a value of 6 kb
(minimum: 4.9 kb, maximum: 7.3 kb). This difference, however, was
not statistically significant (p>0.05). Physically active women (n=9) had
a median 20" percentile value of 5.8 kb (minimum: 4.9 kb, maximum:
7.4 kb), while physically inactive women (n=11) had a median 20"
percentile value of 6.3 kb (minimum: 4.9 kb, maximum: 7.3 kb). Also,
there was no statistically significant difference between the two groups
(p>0.05) (Table 2).

All the participants were asked about their sleep routine, and their
answers regarding their average sleep duration were divided into three
groups: 6, 7, and 8 hours of sleep duration. The median 20" percentile
value for those whose slept 6 hours (n=6) was 5.65 kb (minimum: 4.9
kb, maximum: 7.1 kb); for women who slept 7 hours (n=10), it was
6.4 kb (minimum: 4.9 kb, maximum: 7.4 kb); and for participants who
slept 8 hours (n=4), it was 6.4 kb (minimum: 5.5 kb, maximum: 7 kb).
However, we did not find a statistically significant correlation between
the average sleep duration and the 20" percentile value (p>0.05).

No statistically significant correlation between the 20" percentile
value and body mass index (BMI) or alcohol consumption was found
(Figure 3).
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Our findings were unique because for the first time in our preliminary
study, we analyzed 20" telomere length shortening with regards to
psychological factors. 20" telomere analysis is more accurate than
general mean length analysis because it more precisely represents body
aging and physiological events.'

With the outcomes of this study, we aim to contribute to the discussion
on the importance of neuroeducational methods to longevity regarding
the mechanism of telomere shortening. The main finding of this study
was that the value of the 20" percentile of telomere shortening in the
control group was statistically significant (p<0.001). Furthermore, in the
experimental group, the value of the 20" percentile telomere shortening
was also statistically significant (p<0.05). These findings revealed that
telomere shortening in the experimental group was less prevalent
than in the control group. Nevertheless, because of the low number of
participants and the very short period between measurements, these
pilot study results should be considered with caution.

Other studies provided similar findings on the 20" percentile of telomere
shortening in a control group, and their results echoed those in our
study. In research conducted in 2016 in Spain, the impact of dietary
supplement TA-65 on 20™ percentile telomere length was analyzed. The
difference in the value of the 20" percentile of telomere length between
the low-dose TA-65 group and the placebo group was statistically
significant.” It is important to maintain a balance in telomerase activity
because excessive telomere elongation can also disrupt chromosomal
stability.?

There are many genetic and environmental factors related to telomere
shortening, and one of the most mentioned in the literature is oxidative

Control group
p <0.001
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Figure 2. Comparison of 20" percentile values before and after the study using the paired t-test in the experimental group (p<0.05) and control

group (p<0.001).

I 460



Cyprus ] Med Sci 2022;7(4):457-462

Serapinas et al. Neuroeducation Effects on Telomere Length

4,5

3,5

2,5

15

0,5

Alcohol consumption units
per week
~
[ ]

20t percentile (kb)

31

29 L4 .
27
LB d
%o ® * % o ®
21 ° o0® e o
E 19 ° L4 ® e
17 i
15
4 5 6 7 8

20t percentile (kb)

Figure 3. Associations between the 20" percentile and alcohol consumption (left) and BMI (right).

BMI: body mass index.

stress.?! This is a consequence of an imbalance in the production of
ROS and the defense of cellular antioxidants. ROS levels are known
to be higher in areas of chronic inflammation and are common in
chronic inflammatory illnesses.?> Several studies have demonstrated
that oxidative stress is linked to increased telomere shortening in the
majority of degenerative and inflammatory illnesses.?> That is why it is
important to find ways to relieve stress. Studies show that meditation
through stress reduction mechanisms can reduce levels of the stress
hormone cortisol and reduce levels of ROS, as well as stimulate anti-
inflammatory cytokines, endorphins, and neurotrophins.?* Mindfulness
meditation practices were examined in a study with medical students
by measuring their serum cortisol levels. The study population consisted
of 30 medical students and their cortisol levels were higher before the
mindfulness meditation than after the meditation practice.”

Environmental stresses, smoking, heavy alcohol consumption, and air
pollution can cause metaholic changes on a cellular level and can lead to
oxidative stress and telomere shortening.?*?” Neuroeducational methods
are often mentioned in other studies as an opportunity to decelerate
chronic disease development.® The finnish geriatric intervention study
to prevent cognitive impairment and disability (FINGER) is the biggest
clinical trial on this topic, focusing on the impact of a multi-domain
lifestyle interventions on changes in LTL; unfortunately, over the course
of two years, there was no significant difference in LTL between the
intervention and control groups. However, LTL maintenance was directly
associated with an improvement in lifestyle among FINGER participants.’
The same results were visible in our research: Participants who attended
neuroeducational activities were seen to have fewer changes in the 20"
percentile of telomere length, while in the control group, telomeres
were more shortened. In another study, LTL was significantly longer in
middle-aged US women who were healthy, practiced a healthy lifestyle,
and conformed to five low-risk factors for a healthier lifestyle (non-
smoking, engaging in regular moderate to intense physical activity,
maintaining optimal body weight, eating a healthy diet, and consuming
alcohol in moderation).? Even though these factors are usually referred
to as risky for telomere shortening, in our study, alcohol, smoking,
BMI, and physical activity had no statistically significant effect on the
value of the 20" percentile of telomere length. It can be hypothesized
that neuroeducation activities can protect from telomeres shortening
even when high-risk factors are experienced. However, this could not
be tested in this study because of the small number of participants.
Therefore, this is a preliminary study and because of its small sample
size, there is a need for further larger studies to confirm the findings.

CONCLUSION

This study’s findings showed that shortening of the 20" percentile of
telomere length, which is most important to somatic health, was slower
in those participating in the neuroeducational methods program. The
mechanism for this is still not clear, but neuroeducation may influence
some pathways involved in stress-related mechanisms. However,
more studies have to be conducted to confirm the advantages of a
neuroeducational methods program concerning telomere length.

MAIN POINTS

* The shortening of the 20" percentile of telomere length was slower
in the neuroeducational group than in the control group.

» Neuroeducational exercises might help to slow the 20" percentile
of telomere length shortening due to unknown mechanisms but
further studies are needed.

» There was a statistically significant difference between the biological
and chronological ages of participants.
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