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Abstract: Background: Physical exercise is an effective measure for preventing the onset of cognitive
decline and has a direct influence on the aging process. The purpose of this study was to assess
the effect of a 6-month physical exercise program on cognition and telomere length in adults over
65 years of age. Method: Seventy-four healthy women were separated into two groups: 41 were
included in the intervention group (IG) (72.70 ± 4.127 years and 8.18 ± 1.551 years of education)
and 33 in the control group (CG) (71.21 ± 4.127 years and 8.42 ± 2.562). The participants included
within the IG carried out three sessions of physical exercise per week for six months. Cognitive
function was assessed using the Mini-Mental State Examination (MMSE), the Stroop test and the
Trail Making Test (TMT). Saliva samples were taken and analyzed and relative telomere length was
calculated. Those conducting the analysis were blind to the group to which the participants had been
assigned. Results: An improvement was observed in global cognitive function, in both attentional
and executive functions, in the group of adults doing physical exercise as compared to the control
group. Six months after the physical exercise program had finished, relative telomere length was
found to have increased in the participants in the intervention group. Conclusion: Physical exercise
programs can lead to an improvement in both cognitive functions and telomere length.
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1. Introduction

New healthcare policies and advances in the field of health are leading to increased life
expectancies and decreases in mortality rates, resulting in an inverted population pyramid
(more elderly people). Consequently, this situation has given rise to a higher prevalence of
chronic age-related diseases, which are associated with ageing populations.

Within this context, there are several theories that have attempted to account for
the mechanisms of ageing that focus on telomerase and telomeres, important biomarkers
of this natural process [1]. Telomeres are cellular structures composed of tandem DNA
repeats (TTAGG) located at the end of chromosomes, and their main function is to protect
chromosomes from degradation during each cell cycle [2]. Telomerase is the enzyme
responsible for maintaining telomeric length (TL) by adding TTAGG repeats at 3’-ends
during the retro transcription process [3]. TL shortening can be accelerated by factors that
induce oxidative stress, carcinogenic processes, psychological disorders, cardiovascular
disease, environmental pollution and exposure to tobacco smoke [4–6].

According to the literature, it has been estimated that telomere length in a population
of males and females decreases by approximately 71–72 base pairs per year. Moreover,
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it has been observed that the short is more pronounced in males than in females. Thus,
it takes longer to observe changes in relative TL in a female population than in a male
population for individuals aged between 60 to 80 years [7].

It is known that moderate levels of physical exercise produce beneficial effects on cell
regeneration and senescence by reducing telomere shortening and inducing a protective
telomere phenotype, preventing age-related diseases [8]. Authors such Du and collabo-
rators [9] have confirmed these results by concluding that moderate physical exercise is
associated with good health and better survival; however, only a handful of studies have
evaluated the effect after the end of the physical exercise programs.

The clinical evidence gathered over recent decades does indicate that older individ-
uals (relative to other age groups) more frequently experience cognitive changes, with
processing speed, attentional functions and executive functions being most affected during
the aging process [10,11].

Subsequently, several authors have studied the consequences of physical exercise on
brain structure [12] and have concluded that physical exercise produces less age-related
atrophy in the prefrontal and temporal cortex [13], resulting in less decrease in cognitive
function [14,15]. Some studies have also shown that an acute session of physical exercise
improves cognitive performance, which may help explain the potential benefit of exercise
on cognition [16–18]

The aim of our study, based on the effects that physical exercise has on TL and
cognition, was to assess the impact of a physical exercise program (Geriatric Revitalization
Program, (GRP)) on cognitive functions, such as attentional and executive, and the possible
influence exercise may have on telomere length 6 months after the end of the GRP.

2. Materials and Methods

All participants signed an informed consent form and were informed of the details
of the study, which had been approved by the Bioethics Committee of the University of
Salamanca. Ethical standards and considerations were followed, as well as the protection
of personal data and the privacy of the participants. Eleven participants received an
identification number to guarantee their anonymity.

This is an experimental study including pre- and post-testing. For sample selection, a
random sampling by clusters was carried out where eight neighborhood associations, out of
a total of 20 older adults participating in the Geriatric Revitalization Program, were selected.
Only those individuals from each association fulfilling all of the requirements were chosen
to participate in the study. As a result, a total of 96 participants were selected. Of the total
sample, 22 people abandoned the study for various reasons, reducing the sample size to
74 participants, 43 of which were assigned to the intervention group (IG) and 33 to the
control group (CG). The inclusion criteria for the intervention group was the following:
females participating in the Geriatric Revitalization Program aged between 65 and 80 years;
non-smokers; not suffering from-diabetes, not taking antihypertensive medication; and not
presenting any type of neurodegenerative pathology or neoplastic process. The inclusion
criteria for the participants assigned to the control group were the same as those above,
except the individuals did not take part in the Geriatric Revitalization Program or any
other type of physical exercise program or activity. Therefore, the participants in the
control group were described as being “currently inactive”, which was defined as not
participating in regular physical activity or exercise of moderate intensity (30 cumulative
minutes per day) on more than three days of the week, or exercising < 90 min/week [19,20].
The fact that the sample consisted only of women makes it possible to control those
symptoms associated with the acceleration of telomeric shortening (already mentioned in
the introduction section) such as smoking and alcohol since, according to epidemiological
studies, women over 65 years of age exhibit fewer bad lifestyle habits which could influence
telomeric activity than men.

The study period was between October 2018 and October 2019. In October 2018
(time point 0) the participants underwent a neuropsychological evaluation to assess global
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cognitive function, attention, executive functions and processing speed. Subsequently,
those in the IG participated in a Geriatric Revitalization Program for 6 months, while the CG
continued to carry out their daily lives as they had been doing prior to their involvement in
the study. After 6 months (time point 1), the neuropsychological evaluation was repeated;
however, at this time saliva samples were collected from all participants for quantifying
telomere length (As mentioned in the introductory section, telomere shortening in women
is slower than in men. Our study sample is only formed by women so we started from
the hypothesis that in 6 months we were not going to appreciate significant changes in the
length of their telomeres). During the next 6 months, all participants (in both the IG and
the CG) were described as being “currently inactive”. To control this situation, telephone
contacts were maintained every 2–3 weeks. At the end of this 6-month period (time point 2)
another saliva sample was taken and again telomere length was quantified.

In addition, due to the possible influence of weight, fat weight and fat percentage on
telomere length [21,22], these parameters were measured before and after the intervention
in the subjects of both groups in order to control the changes produced in these variables.

The tests employed for assessing the cognitive functions were the following: the
Mini Mental State Examination for evaluating global cognitive function [23]; the Stroop
Test for attentional and executive functions [24,25]. The scoring method of the Stroop
Test has been obtained, taking into account two fundamental requirements: On the one
hand, the accuracy has been calculated for each of the test conditions (Words, Colors
and Words/Colors) [26,27]. On the other hand, the global index has been calculated to
relate the performance in the incongruent condition to reading words and color naming
abilities. The calculation of accuracy was performed by counting the number of correct
responses in each condition within a fixed time (45 s). The global index was calculated
according to the formula:

Global Index = CW − [(W × C)/(W + C)]

where: CW: number of items properly named in 45 s in the CW condition; W: number of
items properly named in 45 s in the W condition; C: number of items properly named in
45 s in the C condition.

The latest tests used were parts A and B of the Trail Making Test for processing speed [28].
DNA was extracted from saliva using the following protocol [29,30]. The cells were

isolated by centrifugation and resuspended in Fornace buffer (0.25 M sucrose, 50 mM
Tris-HCl pH 7.5, 25 mM KCl, 5 mM MgCl2) followed by an additional centrifugation at
1500 rpm for 10 min. The resulting pellet was incubated at 55 ◦C for 8–16 h in Fornace
buffer containing 10 mM EDTA pH 8.0, 1% SDS and proteinase K (ApliChem, Castellar del
Vallès, Spain) for protein degradation and for breaking down the cell membrane. Then,
DNA was extracted and purified using the phenol-chloroform method and precipitated
using cold absolute ethanol.

The concentration of the extracted DNA was determined by measuring the absorbance
at 260 nm using a NanoDropTM 2000/2001 spectrophotometer. The purity of the DNA was
analyzed based on the A260/280 absorbency ratio, where an optimal purity ratio ranged
between 1.8–2.0. All DNA samples were stored in Eppendorf tubes at −20 ◦C.

The telomere length of the saliva cells taken from each participant was measured
using quantitative real-time PCR (qPCR) together with the Absolute Human Telomere
Length Quantification qPCR Assay Kit (ScienCell, Catalog #8918, Faraday Ave, Carlsbad,
CA, USA).

This technique allows the initial amount of DNA coding for telomerase (TEL) to be
quantified and compared with that obtained simultaneously from another fragment corre-
sponding to a single copy reference gene (SCR) exerting endogenous control. The difference
in the amount of DNA quantified represents the relative TL of each participant. In order to
analyze these relative changes, a reference fragment (CONTROL) of known TL (provided
by the manufacturer) was added to each assay, allowing the absolute quantification of the
telomere length of each sample.
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The reactions took place in a Micro-Amp Fast Optical 96-Well reaction plate (Applied
Bio systems) and the TEL and SCR fragments from the DNA samples of participants were
amplified using the Applied Biosystems StepOnePlusTM Real-Time PCR System. Triplicate
reactions were carried for each sample to minimize variability. The TEL and SCR fragments
were amplified using 1
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L. The amplification program was as follows: 10 min at 95 ◦C, followed by 40 cycles at
95 ◦C for 15 s, 52 ◦C for 30 s and 60 ◦C for 1 min.

Finally, the Ct (2−∆∆Ct) comparative method was used to calculate the relative expres-
sion levels of each amplicon. The specificity of each PCR was checked by verifying the TL
length of the reference sample (CONTROL), which in turn allowed the absolute lengths of
each sample for a diploid cell and/or chromosome end to be determined. The program Ex-
cel was used for the management of data. The procedures used in this study were approved
by the Bioethics Committee of the University of Salamanca and were therefore carried out
in accordance with the ethical standards set out in the Declaration of Helsinki 1964.

In this study, the participants in the IG were asked to carry out 3 sessions of physical
exercise per week for 6 months as recommended by the World Health Organization [31].
As established by the Geriatric Revitalization Program, each session consisted of 3 main
parts: a dynamic warm-up involving the mobility of the main joints and aerobic exercise
(10 min of jogging); an extended period of strength-resistance exercise for the main muscle
groups (chest, dorsum, biceps, triceps, deltoid, shoulders, quadriceps, gluteus, biceps
femoral, rectus femoral, gastrocnemius, abdominal) of the lower and upper extremities
(once this part had ended the participants were allowed to drink water and rest and
attendance was checked so as to keep strict control over participation); and a final phase
of relaxation and a period of calm involving stretching the muscle groups that had been
worked on during the session. A sample session of the Geriatric Revitalization Program is
shown in List S1 and Figure S1 in the Supplementary Materials.

Body composition was evaluated using the OMRON BF300 monitor and weight,
height, fat weight and body fat percentage were determined.

Means, standard deviations, medians and interquartile ranges were used to describe
the data obtained for the qualitative variables, which were calculated as percentages.
The analysis of the normality of observations was carried out by means of the Lilliefors-
corrected Kolmogorov test.

When comparing the two groups, the t test was used for the independent data, if the
variables followed normal distributions and the non-parametric Mann–Whitney U test in
the case of non-normal distributions. For choosing the degrees of freedom for the t test, the
Levene’s test was used to test the equality of variances. The reliability of measures in the
different scales of the STROOP test were intraclass correlation.

The two-factor ANOVA was used to analyze the change over time in cognitive function
between the intervention and control groups, one of the factors being the independent
measures (IG/CG) and the other the dependent measures (pre and post). In cases in
which the instrument had several dimensions, the three-factor ANOVA was used; one of
independent measures (IG/CG) and two of dependent measures, being time (pre and post)
and dimension. A linear mixed model was used to analyze the change in telomeric length.
Given the importance of the influence of weight and body fat on telomere length, changes
in weight and the percentage of fat between intervention periods were included in the
model as covariables. Thus, the effect of these uncontrolled variables is removed on the
dependent variable and so the means of the intervention groups have been adjusted by
these covariables The proposed linear mixed model was:

TL = b0 + b1 ∗ IGij + b2 ∗ WCij + b3 ∗ %FATij + b4 ∗ Tij + b5 ∗ IGij ∗ Tij + rj + eij (1)

where:
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TL = Telomeric Length; IG = Intervention group; WC = weigh change; %FAT = FAT
percentage; T = time; rj is the random effect and its probability distribution: N (0; σ) and eij
is the error term. i = 1,74; r = 1,2

The interaction effects are shown by interaction graphs. Bonferroni correction was
applied to multiple comparisons. The significance level 0.05 was chosen. IBM-SPSS v.26
was used to analyze the data and all data were analyzed at the end of 2019.

3. Results

A descriptive analysis of the participants’ socio-demographic variables was carried
out to examine the comparability of the sample groups. The descriptive data of the
sociodemographic and anthropometric variables are presented in Table 1.

Table 1. Descriptive statistics by age group and anthropometric variables.

Statistical Descriptions Control Group
N = 33

Experimental Group
N = 41 p-Value

Age (years) Mean (SD) Mean (SD)
0.13871.21 (4.329) 72.70 (4.13)

Weight (kg) Mean (SD) Mean (SD)
Pre 62.72 (8.49) 64.98 (8.41) 0.258
Post 63.13 (8.40) 64.70 (8.85) 0.438

%Fat (%) Mean (SD) Mean (SD)
Pre 38.73 (5.52) 43.07 (3.60) <0.001
Post 39.37 (5.45) 42. 81 (4.93) 0.006

Note. SD = Standard Deviation.

For the rest of the variables studied, we were interested in ascertaining if any changes
had taken place between the IG and the CG.

First, with regard to global cognitive function, the results indicated that none of the
participants presented global cognitive deterioration, based on the fact that the average
scores obtained were in the normal range (Figure S2). Secondly, it was detected that the
interaction between the intervention and the time points was significant (p-value < 0.0001);
that is to say, the change that took place during time point 1 in the IG was different from
that found in the CG.

With regard to the attentional and executive functions (Table 2), the three factor interac-
tion was not significant (p-value = 0.499) among the time points and both groups. The only
significant interaction was associated with the time points and the IG (p-value < 0.0001),
where the change observed between time points 0 and 1, for the IG, was statistically signif-
icant. In addition, these differences were maintained for the different dimensions of the
Stroop Test. When the scores of the different dimensions of the Stroop Test were analyzed in
detail, it was found that the participants in the CG, at time point 0, presented higher values.
However, at time point 1, the results were the opposite and the IG scored slightly higher
for all the dimensions analyzed. The intraclass correlation values for Word reading, Color
naming, Word/Color and Naming with interference were 0.70, 0.58, 0.52, 0,48, respectively.
The values of the global index and accuracy of each of the dimensions (Words, Colors and
Words/Colors) of the Stroop Test are shown in Table S1 of the Supplementary Materials.
These values have been corrected for age.

Regarding parts A and B of the Trail Making Test, the three-factor interaction effect
was statistically significant (p-value = 0.002). This interaction indicates that the participants
in the IG performed the trace test, both in part A and B, more quickly at time 1 (intervention
time) than time 0 (basal time). However, the participants of the CG performed the test
more slowly at time 1 than time 0, but the magnitude of the differences was significantly
larger in part A than in part B.
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Table 2. Mean, Standard deviation and p value for the Mental State Examination, the Stroop Test and the Trail Making Test
over time (pre and post) for the control and intervention groups (CG/IG).

Variables Time 0 Time 1 p Value

Control Intervention Control Intervention
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Mental Status
MMSE (max of 30) 28.64 (1.50) 27.67 (1.72) 27.64 (1.75) 28.40 (1.50) <0.0001

Attention
Stroop Color–Word Test

(number of items properly
named in 45 s)
Word reading 50.78 (6.21) 45.40 (10.02) 48.16 (7.72) 48.50 (7.34) <0.0001 *
Color naming 45.22 (6.86) 40.70 (9.78) 44.38 (7.91) 45.20 (8.01) 0.015 *
Word/Color 50.97 (9.25) 47.32 (10.63) 50.00 (11.34) 51.63 (8.96) 0.200 *

Naming with interference 53.31 (6.61) 52.55 (11.97) 53.56 (8.00) 54.70 (8.79) >0.999 *
Executive Functions

Trail Making A (Seconds) 56.19 (25.63) 81.68 (35.74) 67.25 (28.95) 63.80 (22.46) <0.001 *
Trail Making B (Seconds) 151.38 (85.23) 217.02 (108.52) 178.44 (106.75) 171.22 (79.02) <0.001 *

Note. SD = Standard Deviation. * Bonferroni adjustment. MMSE = Mini Mental State Examination.

The means and standard deviations of TL in CG and IG were 3.88 ± 6.030 and
2.30 ± 2.413 at time point 1, respectively. The descriptive values of TL during the second
time point were 1.81 ± 2.34 in CG and 4.81 ± 3.16 in IG (Figure 1). With regard to the
results obtained for telomeric length, a statistically significant difference was detected in
the interaction between both groups and time points 1 and 2. In other words, the change
of TL that occurred between each time point was different for the IG compared to CG
(p-value < 0.001). As can be observed in Figure 2, the IG shows an increase in TL at time
point 2, after the intervention, while a decrease in TL can be observed for the CG. It can
also be seen that the difference between the two groups at time point 1 is smaller than
at time point 2, and that the results are inverted. It may be noted that the means have
been adjusted by weight and percentage fat to avoid the interference of these uncontrolled
variables with the effect of intervention in telomeric length.
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Figure 1. Graph representing the interaction between the experimental groups and time with respect
to TL. The points represent the adjusted means by weight change and % fat change. The 95%
confidence intervals for the adjusted means are also represented. Time 1: telomere length values at
the end of the intervention in both groups. Time 2: telomere length values 6 months after completion
of the intervention.
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Figure 2. Interaction between both intervention groups at time point 0 and time point 1. Mean ± Stan-
dard Deviation: scores obtained by the subjects in each of the Stroop Test dimensions (Words, Colors,
Words/Colors, Interference) before and after the intervention. Words: number of items properly in
45 s in the Words condition; Colors: number of items properly named in 45 s in the Colors condition;
W/C: number of items properly named in 45 s in the Words/Colors condition; Interference: Naming
with interference.

4. Discussion

Currently, the ageing of the world’s population has major social and economic im-
plications. Thus, more than ever, it is necessary to emphasize strategies that lessen the
clinical manifestations of age-related diseases. The aim of this research was to analyze the
effects that the Geriatric Revitalization Program (GRP) could have on aging, specifically on
cognitive functions and telomere length. As mentioned in the methods section, the GRP is
a physical exercise program that combines aerobic with resistance-strength activities.

This work is based on the assumption that the participants of the IG would exhibit,
after the intervention, an improvement in their global cognitive function, attentional and
executive functions and processing speed. It was also thought they would obtain higher
scores with respect to those participants included within the CG.

With respect to the Mini Mental State Examination, the results show a positive interac-
tion with regard to the scores obtained by both groups for the two measurements, i.e., the
participants in the IG obtained significantly higher scores on the MMSE after partaking
in the Geriatric Revitalization Program. Authors, such as John and collaborators [6], ob-
tained results identical to those obtained in this work for a sample of 199 individuals after
12 months of intervention. However, it should be noted that in our study an improvement
was observed in the IG after only 6 months. Lin and collaborators [32] also obtained results
similar to ours when studying a sample of 2074 people. They divided the sample into
two groups: an intervention group (1372) that engaged in physical exercise and a control
group (702) that did not. These authors found that those in the intervention group showed
better cognitive performance on the MMSE as compared to the participants in the control
group. In addition, those in the intervention group obtained better test scores after the
intervention, as was the case with the participants in our study.

As for the executive functions, in particular attentional processes, the results follow a
similar trend, as previously mentioned; the participants in the IG show an improvement
with regard to these variables after practicing physical exercise. In a meta-analysis [33],
including 29 randomized clinical trials, it was concluded that physical exercise leads to
enhancements in the executive functions, such as processing speed and attention, findings
that are in line with our results. Cross-sectional studies have also shown that physical
exercise has a positive effect on executive functions. Bixby and collaborators [25] have also
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shown that physical exercise is associated with the improved performance of executive
functions after studying its effect in a sample of 122 people between the ages of 68 and
92. As mentioned above, the IG in our study scored better in relation to processing speed,
where a significant improvement was observed after the intervention. These results are
in line with those of other authors, such as Spartano and collaborators [34], who studied
a cohort of 909 older adults. They concluded that subjects with higher levels of physical
exercise have enhanced executive functions. Moreover, Albinet and collaborators [35]
observed an improvement in the executive functions of the women in an intervention
group, as compared to the controls, after a 5-month physical exercise program.

Lastly, in relation to the Trail Making Test, the participants of the IG performed the
tracing task in less time than the participants of the CG after the intervention. This indicates
that there is a significant improvement in perceptual-motor speed, processing speed, visual
attention and flexibility. These results are in line with those published by Mekari and
collaborators [36] who observed an association between the level of cardiorespiratory
fitness and cognitive performance, specifically for task B of the Trace Test (perceptual-
motor speed). They showed that out of the 66 people participating in the study, of which
44 were women, those who presented greater cardiorespiratory fitness also performed
better on this task. The explanation for these results was that the positive relationship
between cardiorespiratory fitness and perceptual-motor speed was mediated by better
brain oxygenation; that is, older adults with greater brain oxygenation are able to respond
to more demanding tasks. Cross-sectional studies [37] are also in line with our results,
which show that older adults with increased cardiorespiratory fitness perform better on
tasks involving perceptual-motor speed.

With respect to the second hypothesis proposed in our study, we assumed that the
participants in the IG would have greater telomere length at the end of GRP, as compared
to the CG, and would continue to show an increase in TL 6 months after the program had
been completed.

Our results indicate that at time point 1 those in the CG had a greater TL than the
participants of the IG. This could be due to the dramatic impact that physical exercise
has on the health of individuals, causing an increase in the reactive oxygen species and,
as a result, a decrease in TL [38,39]. However, 6 months after the GRP had ended, the
adults in the IG presented an increase in telomeric length, while the CG showed a decrease.
These results imply that the impact of physical exercise on TL does not occur immediately,
but rather in the medium to long term by reducing the levels of reactive oxygen species.
A recent study [40] showed that in a sample of 1481 elderly women, those who practiced
moderate physical exercise had greater telomere length.

However, in recently published reports there is some controversy regarding the impact
of physical exercise on TL. Some focusing on aerobic exercise, such as work by Puterman
and collaborators, have concluded that a 45-min aerobic exercise program 3 times per week
caused an increase in telomere length in a group of 68 people between the age of 50 and
75 years. However, there are other studies with contradictory results regarding the impact
of this type of exercise on TL [19,41].

In addition, there are studies that focus mainly on resistance exercise gain with
contradictory results. Some research has shown that endurance training causes adaptive
changes in the antioxidant protein systems at the systemic level leading to a maintenance
of TL [42], while other studies have concluded there is no effect at all [43,44] or even
a shortening of TL [45]. Nevertheless, in this work we observed that in those subjects
who had participated in a program involving both types of exercise (Aerobic exercise +
Resistance exercise) there was an increase in TL 6 months after the program had ended.
The great variability in the application of physical exercise programs, the different exercise
modalities and the high heterogeneity of the samples studied could be one of the possible
reasons for the contradictory results.

Furthermore, none of the abovementioned studies have examined what happens
after the end of a physical exercise program. To date, we have found only one article that
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assesses the impact of a resistance exercise program 12 months after the end of the program.
Nickels et al. [46] conclude that those subjects who returned to a sedentary lifestyle during
the 12 months after the intervention showed a significant reduction in telomere length.
However, those subjects who continued to exercise after the intervention did not show
reduced telomere length. These results are similar to those obtained by us for the control
group, as they continued to lead a sedentary lifestyle and showed a decrease in their
telomere size. However, the subjects in our study who participated in an aerobic exercise
and resistance exercise program 6 months after the end of the program not only did not
wear out their TL but showed a significant increase in their TL.

Another important observation detected in our study is the fluctuation that exists
in telomeric length in older adults with or without intervention during a relatively short
period of time. In addition, we have shown that telomeric fluctuation does not follow
a linear process, but instead is dynamic. Furthermore, Svenson and collaborators [47]
showed after studying a sample of 50 people, most of whom were women, that during a
6-month follow-up period telomere length could become shorter and longer throughout
this period. Thus, telomere length could be considered a dynamic characteristic which is
influenced by physical exercise.

Finally, one of the main limitations of this work could be that the changes induced
by exercise could have been influenced by psychosocial factors associated with the social
interactions experienced by the participants when exercising in a group setting since
there are studies that claim that people with depression and/or anxiety present a shorter
telomere length [48,49]. Changes in these psychosocial factors could influence telomere
length. Furthermore, TL was not assessed at time 0 but at the end of the intervention and
at 6 months after the intervention in order to observe what happened after the end of the
physical exercise program.

In addition, the sample of our study was composed only of women, so the results
found should not be generalized to the general population.

Therefore, further studies with larger and more heterogeneous samples and taking
into account social factors and interactions are needed.

5. Conclusions

Physical exercise programs, such as the Geriatric Revitalization Program, can be a
useful strategy for slowing down the loss of age-related cognitive functions and for slowing
down aging in general. The implementation of this type of program by health professionals
could help prevent age-related diseases or deficiencies.

However, the groups involved in the present study were composed of a small sample
size, and the data should be interpreted with caution.
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Author Contributions: Conceptualization: J.L.S.-G., J.L.S.-R. and R.G.-S.; Data curation: J.M.-V.;
Formal analysis: J.M.-V.; Investigation: J.L.S.-G. and A.M.-M.; Methodology: J.M.-V.; Supervision:
J.L.S.-R. and R.G.-S.; Writing—original draft: J.L.S.-G.; Writing—review and editing: J.L.S.-R. and
R.G.-S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of University of Salamanca with
number register: 384.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

https://www.mdpi.com/article/10.3390/brainsci11111417/s1
https://www.mdpi.com/article/10.3390/brainsci11111417/s1


Brain Sci. 2021, 11, 1417 10 of 11

Acknowledgments: The present work was carried out thanks to the cooperation of the Salamanca
City Hall for providing the infrastructure necessary for carrying out the Geriatric Revitalization
Program. This study did not receive any type of financial support.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Zakian, V.A. Telomeres: Beginning to understand the end. Science 1995, 270, 1601–1607. [CrossRef]
2. Blackburn, E.H. Structure and function of telomeres. Nature Publishing Group. Nature 1991, 353, 412–414.
3. Greider, C.W.; Blackburn, E.H. Identification of a specific telomere terminal transferase activity in tetrahymena extracts. Cell 1985,

43 Pt 1, 405–413. [CrossRef]
4. Zhao, J.; Miao, K.; Wang, H.; Ding, H.; Wang, D.W. Association between telomere length and type 2 diabetes mellitus: A

meta-analysis. PLoS ONE 2013, 8, e79993. [CrossRef]
5. Huzen, J.; Wong, L.S.M.; Van Veldhuisen, D.J.; Samani, N.J.; Zwinderman, A.H.; Codd, V.; Cawthon, R.M.; Benus, G.F.J.D.;

Van Der Horst, I.C.C.; Navis, G.; et al. Telomere length loss due to smoking and metabolic traits. J. Intern. Med. 2014, 275, 155–163.
[CrossRef]

6. Best, J.R.; Davis, J.C.; Liu-Ambrose, T. Longitudinal analysis of physical performance, functional status, physical activity, and
mood in relation to executive function in older adults who fall. J. Am. Geriatr. Soc. 2015, 63, 1112–1120. [CrossRef]

7. Canela, A.; Vera, E.; Klatt, P.; Blasco, M.A. High-throughput telomere length quantification by FISH and its application to human
population studies. Proc. Natl. Acad. Sci. USA 2007, 104, 5300–5305. [CrossRef]

8. Mundstock, E.; Zatti, H.; Louzada, F.M.; Oliveira, S.G.; Guma, F.T.; Paris, M.M.; Rueda, A.B.; Machado, D.G.; Stein, R.T.;
Jones, M.H.; et al. Effects of physical activity in telomere length: Systematic review and meta-analysis. Ageing Res. Rev. 2015, 22,
72–80. [CrossRef]

9. Du, M.; Prescott, J.; Kraft, P.; Han, J.; Giovannucci, E.; Hankinson, S.E.; De Vivo, I. Physical activity, sedentary behavior, and
leukocyte telomere length in women. Am. J. Epidemiol. 2012, 175, 414–422. [CrossRef]

10. Salthouse, T.A. Selective review of cognitive aging. J. Int. Neuropsychol. Soc. 2010, 16, 754–760. [CrossRef]
11. Lezak, M.; Howieson, D.; Bigler, E.; Tranel, D. Neuropsychological Assessment, 5th ed.; Oxford University Press: New York, NY,

USA, 2012.
12. Oberlin, L.; Verstynen, T.; Burzynska, A.; Voss, M.; Prakash, R.; Chaddock-Heyman, L. White matter microstructure mediates

the relationship between cardiorespiratory fitness and spatial working memory in older adults. Neuroimage 2016, 131, 91–101.
[CrossRef]

13. Colcombe, S.J.; Erickson, K.I.; Raz, N.; Webb, A.G.; Cohen, N.J.; McAuley, E.; Kramer, A.F. Aerobic Fitness Reduces Brain Tissue
Loss in Aging Humans. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2003, 58, M176–M180. [CrossRef]

14. Windle, G.; Hughes, D.; Linck, P.; Russell, I.; Woods, B. Is exercise effective in promoting mental well-being in older age? A
systematic review. Aging Ment. Health 2010, 14, 652–669. [CrossRef]

15. Luo, M.S.; Chui, E.W.T.; Li, L.W. The Longitudinal Associations between Physical Health and Mental Health among Older Adults.
Aging Ment. Health 2020, 24, 1990–1998. [CrossRef]

16. Formenti, D.; Cavaggioni, L.; Duca, M.; Trecroci, A.; Rapelli, M.; Alberti, G.; Komar, J.; Iodice, P. Acute Effect of Exercise on
Cognitive Performance in Middle-Aged Adults: Aerobic Versus Balance. J. Phys. Act. Health 2020, 17, 773–780. [CrossRef]
[PubMed]

17. Kamijo, K.; Hayashi, Y.; Sakai, T.; Yahiro, T.; Tanaka, K.; Nishihira, Y. Acute Effects of Aerobic Exercise on Cognitive Function in
Older Adults. J. Gerontol. Psychol. Sci. 2009, 64B, 356–363. [CrossRef] [PubMed]

18. Chang, Y.K.; Tsai, C.L.; Huang, C.C.; Wang, C.C.; Chu, I.H. Effects of acute resistance exercise on cognition in late middle-aged
adults: General or specific cognitive improvement? J. Sci. Med. Sport 2014, 17, 51–55. [CrossRef] [PubMed]

19. Friedenreich, C.M.; Wang, Q.; Ting, N.S.; Brenner, D.R.; Conroy, S.M.; McIntyre, J.B.; Mickle, A.; Courneya, K.S.; Beattie, T. Effect
of a 12-month exercise intervention on leukocyte telomere length: Results from the ALPHA Trial. Cancer Epidemiol. 2018, 56,
67–74. [CrossRef]

20. Voss, M.W.; Weng, T.B.; Narayana-Kumanan, K.; Cole, R.C.; Wharff, C.; Reist, L.; DuBose, L.; Schmidt, P.G.; Sigurdsson, G.;
Mills, J.A.; et al. Acute exercise effects predict training change in cognition and connectivity. Med. Sci. Sports Exerc. 2021, 52,
131–140. [CrossRef]

21. Zhou, Y.; Hambly, B.D.; McLachlan, C.S. FTO associations with obesity and telomere length. J. Biomed. Sci. 2017, 24, 65. [CrossRef]
22. Gielen, M.; Hageman, G.J.; Antoniou, E.E.; Nordfjall, K.; Mangino, M.; Balasubramanyam, M.; De Meyer, T.; Hendricks, A.E.;

Giltay, E.J.; Hunt, S.C.; et al. Body mass index is negatively associated with telomere length: A collaborative cross-sectional
meta-analysis of 87 observational studies. Am. J. Clin. Nutr. 2018, 108, 453–475. [CrossRef] [PubMed]

23. Lobo, A.; Escobar, V.; Ezquerra, J.; Seva Díaz, A. El Mini Examen Cognoscitivo. Un test sencillo y práctico para detectar
alteraciones intelectuales en pacientes médicos. Rev. Psiquiatr. Psicol. Médica 1979, 7, 198–202.

24. Golden, C.J. Stroop Color and Word Test: A Manual for Clinical and Experimental Uses; Stoelting Co.: Chicago, IL, USA, 1978.
25. Bixby, W.R.; Spalding, T.W.; Haufler, A.J.; Deeny, S.P.; Mahlow, P.T.; Zimmerman, J.B.; Hatfield, B.D. The unique relation of

physical activity to executive function in older men and women. Med. Sci. Sports Exerc. 2007, 39, 1408–1416. [CrossRef]

http://doi.org/10.1126/science.270.5242.1601
http://doi.org/10.1016/0092-8674(85)90170-9
http://doi.org/10.1371/journal.pone.0079993
http://doi.org/10.1111/joim.12149
http://doi.org/10.1111/jgs.13444
http://doi.org/10.1073/pnas.0609367104
http://doi.org/10.1016/j.arr.2015.02.004
http://doi.org/10.1093/aje/kwr330
http://doi.org/10.1017/S1355617710000706
http://doi.org/10.1016/j.neuroimage.2015.09.053
http://doi.org/10.1093/gerona/58.2.M176
http://doi.org/10.1080/13607861003713232
http://doi.org/10.1080/13607863.2019.1655706
http://doi.org/10.1123/jpah.2020-0005
http://www.ncbi.nlm.nih.gov/pubmed/32702659
http://doi.org/10.1093/geronb/gbp030
http://www.ncbi.nlm.nih.gov/pubmed/19363089
http://doi.org/10.1016/j.jsams.2013.02.007
http://www.ncbi.nlm.nih.gov/pubmed/23491140
http://doi.org/10.1016/j.canep.2018.07.012
http://doi.org/10.1249/MSS.0000000000002115
http://doi.org/10.1186/s12929-017-0372-6
http://doi.org/10.1093/ajcn/nqy107
http://www.ncbi.nlm.nih.gov/pubmed/30535086
http://doi.org/10.1249/mss.0b013e31806ad708


Brain Sci. 2021, 11, 1417 11 of 11

26. Valgimigli, S.; Padovani, R.; Budriesi, C.; Leone, M.E.; Lugli, D.; Nichelli, P. The Stroop test: A normative Italian study on a paper
version for clinical use. G. Ital. Psicol. 2010, 37, 945–956. [CrossRef]

27. Brugnolo, A.; De Carli, F.; Accardo, J.; Amore, M.; Bosia, L.E.; Bruzzaniti, C.; Cappa, S.F.; Cocito, L.; Colazzo, G.; Ferrara, M.; et al.
An updated Italian normative dataset for the Stroop color word test (SCWT). Neurol. Sci. 2016, 37, 365–372. [CrossRef] [PubMed]

28. Reitan, R. Trail Making Test. Manual for Administration and Scoring; Reitan Neuropsychology Laboratory: Tucson, AZ, USA, 1992.
29. Bruno, S.; Herrera Sanchez, M.B.; Pasquino, C.; Tapparo, M.; Cedrino, M.; Tetta, C.; Camussi, G. Human Liver-Derived Stem Cells

Improve Fibrosis and Inflammation Associated with Nonalcoholic Steatohepatitis. Stem Cells Int. 2019, 2019, 6351091. [CrossRef]
[PubMed]

30. Chung, S.S.; Dutta, P.; Chard, N.; Wu, Y.; Chen, Q.H.; Chen, G.; Vadgama, J. A novel curcumin analog inhibits canonical and
non-canonical functions of telomerase through STAT3 and NF-κB inactivation in colorectal cancer cells. Oncotarget 2019, 10,
4516–4531. [CrossRef] [PubMed]

31. OMS. Descriptive Note. 2020. Available online: https://www.who.int/es/news-room/fact-sheets/detail/physical-activity
(accessed on 2 September 2021).

32. Lin, S.; Yang, Y.; Qi, Q.; Wei, L.; Jing, N.; Jie, Z.; Xia, L.; Shifu, X. The beneficial effect of physical exercise on cognitive function in
a non-dementia aging Chinese population. Front Aging Neurosci. 2019, 11, 238. [CrossRef]

33. Smith, P.J.; Blumenthal, J.A.; Hoffman, B.M.; Cooper, H.; Strauman, T.A.; Welsh-Bohmer, K.; Browndyke, J.N.; Sherwood, A.
Aerobic exercise and neurocognitive performance: A meta-analytic review of randomized controlled trials. Psychosom. Med. 2010,
72, 239–252. [CrossRef]

34. Spartano, N.L.; Demissie, S.; Himali, J.J.; Dukes, K.A.; Murabito, J.M.; Vasan, R.S.; Beiser, A.S.; Seshadri, S. Accelerometer-
determined physical activity and cognitive function in middle-aged and older adults from two generations of the Framingham
Heart Study. Alzheimer’s Dement. Transl. Res. Clin. Interv. 2019, 5, 618–626. [CrossRef]

35. Albinet, C.T.; Abou-Dest, A.; André, N.; Audiffren, M. Executive functions improvement following a 5-month aquaerobics
program in older adults: Role of cardiac vagal control in inhibition performance. Biol. Psychol. 2016, 115, 69–77. [CrossRef]
[PubMed]

36. Mekari, S.; Dupuy, O.; Martins, R.; Evans, K.; Kimmerly, D.S.; Fraser, S.; Neyedli, H.F. The effects of cardiorespiratory fitness on
executive function and prefrontal oxygenation in older adults. GeroScience 2019, 41, 681–690. [CrossRef] [PubMed]

37. Boucard, G.K.; Albinet, C.T.; Bugaiska, A.; Bouquet, C.A.; Clarys, D.; Audiffren, M. Impact of physical activity on executive
functions in aging: A selective effect on inhibition among old adults. J. Sport Exerc. Psychol. 2012, 34, 808–827. [CrossRef]

38. Denham, J.; Nelson, C.P.; O’Brien, B.J.; Nankervis, S.A.; Denniff, M.; Harvey, J.T.; Marques, F.Z.; Codd, V.; Zukowska-
Szczechowska, E.; Samani, N.J.; et al. Longer Leukocyte Telomeres Are Associated with Ultra-Endurance Exercise Independent of
Cardiovascular Risk Factors. PLoS ONE 2013, 8, e69377. [CrossRef]

39. Mathur, S.; Ardestani, A.; Parker, B.; Cappizzi, J.; Polk, D.; Thompson, P.D. Telomere length and cardiorespiratory fitness in
marathon runners. J. Investig. Med. 2013, 61, 613–615. [CrossRef] [PubMed]

40. Shadyab, A.H.; LaMonte, M.J.; Kooperberg, C.; Reiner, A.P.; Carty, C.L.; Manini, T.M.; Hou, L.; Di, C.; Macera, C.A.; Gallo, L.C.;
et al. Leisure-time physical activity and leukocyte telomere length among older women. Exp. Gerontol. 2017, 95, 141–147.
[CrossRef] [PubMed]

41. Sjögren, P.; Fisher, R.; Kallings, L.; Svenson, U.; Roos, G.; Hellénius, M.L. Stand up for health—Avoiding sedentary behaviour
might lengthen your telomeres: Secondary outcomes from a physical activity RCT in older people. Br. J. Sports Med. 2014, 48,
1407–1409. [CrossRef]

42. Dimauro, I.; Scalabrin, M.; Fantini, C.; Grazioli, E.; Valls, M.R.B.; Mercatelli, N.; Parisi, A.; Sabatini, S.; Di Luigi, L.; Caporossi, D.
Resistance training and redox homeostasis: Correlation with age-associated genomic changes. Redox Biol. 2016, 10, 34–44.
[CrossRef]

43. Werner, C.M.; Hecksteden, A.; Morsch, A.; Zundler, J.; Wegmann, M.; Kratzsch, J.; Thiery, J.; Hohl, M.; Bittenbring, J.T.;
Neumann, F.; et al. Differential effects of endurance, interval, and resistance training on telomerase activity and telomere length
in a randomized, controlled study. Eur. Heart J. 2019, 40, 34–46. [CrossRef]

44. Hagstrom, A.D.; Denham, J. The effect of resistance training on telomere length in women recovering from breast cancer. J. Funct.
Morphol. Kinesiol. 2018, 3, 9. [CrossRef]

45. Miranda-Furtado, C.L.; Ramos, F.K.P.; Kogure, G.S.; Santana-Lemos, B.A.; Ferriani, R.A.; Calado, R.T.; Dos Reis, R.M. A
Nonrandomized Trial of Progressive Resistance Training Intervention in Women with Polycystic Ovary Syndrome and Its
Implications in Telomere Content. Reprod. Sci. 2016, 23, 644–654. [CrossRef] [PubMed]

46. Nickels, M.; Mastana, S.; Hunter, D.; Denniff, M.; Codd, V.; Akam, E. The effect of a 12-week resistance training intervention on
leukocyte telomere length. Heliyon 2020, 6, e04151. [CrossRef] [PubMed]

47. Svenson, U.; Nordfjäll, K.; Baird, D.; Roger, L.; Osterman, P.; Hellenius, M.L.; Roos, G. Blood cell telomere length is a dynamic
feature. PLoS ONE 2011, 6, e21485. [CrossRef]

48. Mathur, M.B.; Epel, E.; Kind, S.; Desai, M.; Parks, C.G.; Sandler, D.P.; Khazeni, N. Perceived stress and telomere length: A
systematic review, meta-analysis, and methodologic considerations for advancing the field. Brain Behav. Immun. 2016, 54, 158–169.
[CrossRef]

49. Lin, P.Y.; Huang, Y.C.; Hung, C.F. Shortened telomere length in patients with depression: A meta-analytic study. J. Psychiatr. Res.
2016, 76, 84–93. [CrossRef] [PubMed]

http://doi.org/10.1421/33435
http://doi.org/10.1007/s10072-015-2428-2
http://www.ncbi.nlm.nih.gov/pubmed/26621362
http://doi.org/10.1155/2019/6351091
http://www.ncbi.nlm.nih.gov/pubmed/31281379
http://doi.org/10.18632/oncotarget.27000
http://www.ncbi.nlm.nih.gov/pubmed/31360301
https://www.who.int/es/news-room/fact-sheets/detail/physical-activity
http://doi.org/10.3389/fnagi.2019.00238
http://doi.org/10.1097/PSY.0b013e3181d14633
http://doi.org/10.1016/j.trci.2019.08.007
http://doi.org/10.1016/j.biopsycho.2016.01.010
http://www.ncbi.nlm.nih.gov/pubmed/26812613
http://doi.org/10.1007/s11357-019-00128-5
http://www.ncbi.nlm.nih.gov/pubmed/31728899
http://doi.org/10.1123/jsep.34.6.808
http://doi.org/10.1371/journal.pone.0069377
http://doi.org/10.2310/JIM.0b013e3182814cc2
http://www.ncbi.nlm.nih.gov/pubmed/23360839
http://doi.org/10.1016/j.exger.2017.05.019
http://www.ncbi.nlm.nih.gov/pubmed/28552815
http://doi.org/10.1136/bjsports-2013-093342
http://doi.org/10.1016/j.redox.2016.09.008
http://doi.org/10.1093/eurheartj/ehy585
http://doi.org/10.3390/jfmk3010009
http://doi.org/10.1177/1933719115611753
http://www.ncbi.nlm.nih.gov/pubmed/26586671
http://doi.org/10.1016/j.heliyon.2020.e04151
http://www.ncbi.nlm.nih.gov/pubmed/32551387
http://doi.org/10.1371/journal.pone.0021485
http://doi.org/10.1016/j.bbi.2016.02.002
http://doi.org/10.1016/j.jpsychires.2016.01.015
http://www.ncbi.nlm.nih.gov/pubmed/26919486

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

