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Abstract

The presence of diseases related to cognitive impairment is a growing problem today. The aim of this study is to establish
a relation between sports practice, body parameters and cognitive impairment.

The experimental group (EG) consisted of a total of 29 individuals, with a mean age of 66.14 years (SD 4.55), sixteen
women and 13 men; and the control group (CG) consisted of 30 participants, fifteen women and 15 men, with a mean age
of 68.52 (SD 5.52). Body parameters were measured by bioimpedance (BIA); trained physical abilities were measured by
walking speed and handgrip strength; and the Montreal Cognitive Assessment Test (MoCa) was administered for cognitive
evaluation. The results show that the training program improved physical abilities, BIA and MoCa scores of the EG (time p <
.001, group < .05, time*group <.001) and that there are significant differences with respect to the CG. Furthermore, muscle
mass is the trained anthropometric parameter that has the greatest influence on the results of cognitive impairment (in
both men (sig = .040) and women (sig = .020)), with right hand grip strength being the physical ability that has the greatest
influence on this parameter (T1 sig = .015, T2 sig = .004). This research demonstrated the importance of strength work
within an adapted training program for the prevention of cognitive impairment, resulting in improved MoCa test scores
in the group that had practiced it. This illustrates the way forward for further work on exercise as a means of preventing
cognitive decline.

Keywords: Cognitive impairment, healthy aging, exercise program, elderly, prevention.

Resumen

La presencia de enfermedades relacionadas con el deterioro cognitivo es un problema creciente en la actualidad. El
objetivo de este estudio es establecer una relacion entre la practica deportiva, los parametros corporales y el deterioro
cognitivo. El grupo experimental (GE) estuvo formado por un total de 29 individuos, con una edad media de 66.14 afios
(DE 4.55), dieciséis mujeres y 13 hombres; y el grupo control (GC) estuvo formado por 30 participantes, 15 mujeres y
15 hombres, con una edad media de 68.52 (DE 5.52). Los parametros corporales se midieron mediante bioimpedancia
(BIA); las habilidades fisicas entrenadas se midieron mediante la velocidad al caminar y la fuerza de prensién manual;
y se administré la Prueba de Evaluacion Cognitiva de Montreal (MoCa) para la evaluacién cognitiva. Los resultados
muestran que el programa de entrenamiento mejoro las capacidades fisicas, las puntuaciones BIAy MoCa del GE (tiem-
po p <.001, grupo < .05, tiempo*grupo < .001) y que existen diferencias significativas con respecto al GC. Ademas, la
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masa muscular es el parametro antropomeétrico entrenado que mayor influencia tiene en los resultados del deterioro
cognitivo (tanto en hombres (sig = .040) como en mujeres (sig = .020)), siendo la fuerza de agarre de la mano derecha
la capacidad fisica que tiene mayor influencia. mayor influencia en este parametro (T1 sig = .015, T2 sig = .004). Esta
investigacion demostré la importancia del trabajo de fuerza dentro de un programa de entrenamiento adaptado para
la prevencion del deterioro cognitivo, lo que resulté en mejores puntuaciones en las pruebas MoCa en el grupo que lo
habia practicado. Esto ilustra el camino a seguir para seguir trabajando sobre el ejercicio como medio para prevenir el
deterioro cognitivo.

Palabras clave: Deterioro cognitivo, envejecimiento saludable, programa de ejercicio, anciano, prevencion.
This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
BY NC SA

Introduction

During the aging process, there is a gradual and cumulative decrease in physiological reserve influenced by genetic
and environmental factors (DeJaeger, 2016). This situation is currently referred to as frailty (Clegg, et al., 2013; Morley, et
al., 2013), which corresponds to a clinical state in which greater vulnerability can be observed in those who suffer from it.
Fragility manifests as a reduced ability of the body to adequately respond to adverse events, which can increase the risk of
functional decline. In current discussions about the incidence of fragility, the inclusion of the concept of cognitive decline
has emerged, as its occurrence is proportional to advancing age (Legdeur et al., 2019; Lu et al., 2018; Perrote et al., 2017).
Thus, physiological processes produced by the passing of time, such as changes in insulin signaling pathways, growth
factor, mitochondrial dysfunction, cellular senescence, stem cell depletion, inflammation of some hormone systems, etc.
(Rodriguez, 2015), can lead to hormonal and inflammatory dysregulation, leading, in addition to physiological deterioration,
to the appearance of cognitive impairment (Tay et al., 2016) and, therefore, studying both processes together will allow
detection and treatment and a direct impact on the health outcomes of the individuals (Rosado et al., 2017). Therefore,
more and more research are linking both perspectives (Auyeung et al., 2017; Gale et al., 2017), even coining the term
cognitive frailty for those cases in which physical frailty and mild cognitive impairment are present in the absence of
dementia (Facal et al., 2018).

Cogpnitive performance encompasses varying degrees of underlying mental processes. It includes selective attention,
judgment, anticipation, planning and problem solving, selective inhibition, etc. (Diamante, 2013; Tam, 2013). Previous
studies have shown that physical exercise improves cognitive performance, either by increasing brain-derived neurotrophic
factors (Fernadndez & Santi, 2022; Pintilie, 2021) increased blood flow in the prefrontal cortex of the brain (Curtelin et al.,
2016; Whitake et al., 2020) or others (Jiménez, 2017; Urquidi et al., 2022).

Focusing on strength exercises, studies have shown benefits in cognitive function in relation to physical function
and muscle strength with the application of 12-week and 16-week programs (Tsai et al., 2018; Yoon et al., 2016); others
have observed more positive values in neuroprotective growth factor levels in a group of older adults with cognitive
impairment when applying a training program that included strength and aerobic exercises than when only performed
aerobic exercises (Marcos-Pardo et al., 2021; Romero-Arenas et al., 2011; Tsai et al., 2018). Moreover, these benefits
can be extended when strength exercises were performed in conjunction with cognitive training (Fritz-Silva, 2021; Suo
et al., 2018). However, the environment and the type of physical activity carried out will depend on the capabilities of
users, therefore, initial studies are currently being carried out on the benefits of working the physical qualities cited
in the aquatic environment with people with reduced autonomy (Ayan et al., 2017; Fail et al., 2022; Pérez & Hurtado,
2021; Tarraguel et al., 2023). In addition, to the muscle strength-cognition and/or physical exercise-cognition relation,
other less widespread studies relate anthropometric changes, such as percentage of fat mass, lean mass and/or
hydration with cognitive impairment. New research (Alcaraz et al., 2015; Mero & Pérez, 2022) relate Body Mass Index
(BMI) values to scores on attention and memory tests. Similarly, Rivera Villasefior (2018), in addition to BMI, measures
biochemical levels related to the presence of insulin and adiponectin count. Garcia et al. (2014) link excess fat mass
with low-grade inflammation associated with dementia. Other studies (Biatecka & Pietruszka, 2019; Simmons et al.,
2021; Suhr et al., 2021) showed the influence of hydration levels with cognitive performance, especially with respect
to reaction speed. Behrman and Ebmeier (2014) associate sarcopenia with cognitive decline in old age, stating that the
loss of muscle mass can reduce physical activity, which in turn affects cerebral blood flow and may accelerate cognitive
function decline. Additionally, the decrease in certain growth factors and the metabolic alterations associated with
sarcopenia may negatively impact neuronal health and brain plasticity. Moreover, the study by Cova et al. (2017)
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showed differences in the set of values in fat mass, lean mass and hydration using electrical impedance markers, with
differences observed between men and women. Gender, therefore, is considered as a determinant sociodemographic
variable in research of this type (Auyeung et al., 2017; Kilgour et al., 2013) arguing that body composition is and is
measured differently between men and women at different stages of life; however, this is not taken into account in
most research in this regard.

For all these reasons, the present research has been stimulated by the search of the possible relation between sports
practice, anthropometric parameters and cognitive impairment, establishing a relation between the three parameters not
analyzed in previous studies observed and taking the gender variable into account. All this is done in order to continue
providing valid information on the relation between physical exercise and cognitive impairment, providing ideas that
support the concept of cognitive frailty.

To sum up, the hypotheses that guide our proposal are the following: 1) application of a 16-week exercise program (2
days per week) produces changes in the fat mass, muscle mass and hydration of the participants; 2) there are relations
between the practice of physical exercise program and improvement of the analytical parameters that measure cognitive
deterioration, being the anthropometric modification (less fat mass, more lean mass and more hydration) a determining
factor; 3) there are differences in the results according to gender.

Materials and Methods

Design & Participants

We used a repeated measures design comparing between two groups (control and experimental).

The study began with 60 participants (90% confidence level; 10% margin error) (INE, 2023). Distribution between the
groups was carried out using a computer program (Rakko.tools).

The experimental group started with 30 participants, but one of them could not continue due to the impossibility of
attending the training sessions, so in the end this group consisted of twenty-nine participants, with a mean age of 66.14
years (SD 4.55), sixteen women and 13 men. They were recruited on a voluntary basis from among those attending the
University of Almeria’s University for Older Adults (UAL-Mayores) in person by the teaching staff there. The inclusion criteria
were: be older than 65, good physical health without diagnosis of cognitive impairment by their doctor and mini mental
tests (Llamas et al., 2015) and attendance two years to the course of the University of Seniors with a minimum attendance
at 80% of sessions and confirming that in the previous year they had begun strength training. In this way, it was controlled
that all participants performed the same tasks of cognitive stimulation and developed a similar lifestyle. Exclusion criteria
included presenting any musculoskeletal injury or medication consumption in the last six months and during the study, or
any other health problem that could interfere both in the safety of the physical exercise practice and in the quality of the
results obtained.

The control group was composed of thirty participants, fifteen women and 15 men, with a mean age of 68.52 (5D 5.52),
with the same inclusion and exclusion criteria as those referred to the experimental group.

Instruments

Bioimpedance measurements (BIA) were performed with a Tanita BC-601 scale, manufacturer/brand TANITA EAN-
4904785811508. Individuals were fasting for 8 hours beforehand, but they were being hydrated. Accuracy was checked
with a recognized impedance calibration circuit (R:383 Ohm, Xc:45 Ohm, 1% error). Standard external and internal electrode
positions were on both hands and feet (Withers et al., 1999). The results for the variables of corporal composition that are
shown show different depending on gender and age.

The MoCa Test (Kalafatis et al., 2021) is a brief cognitive assessment test that measures the performance of various
abilities. This test has a high accuracy that allows it to be applied to different cultural and age groups and a variety of
academic backgrounds (Delgado et al., 2019; Malek et al. 2015). In addition, it has proven to be a reliable instrument for
detecting early cognitive changes in a wide range of disorders (Delgado et al., 2019). It is a 30-item scale, with items including
six for orientation, five for memory, six for language, six for attention, three for visuospatial, and four for executive skills.
Regarding the cut-off score for detecting dementia, there are several points of view (Maust, et al., 2012; Pedraza et al.,
2016), there are those who recommend using 26 as the threshold and those who prefer to do so from 23 points onwards.
We opted for 26 because the participants are cognitively active (by attending university, UAL-Mayores) and, thus, we would
also be more demanding with respect to the improvements observed.
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The physical abilities analyzed followed the line of the recent literature (Griebler et al., 2022; Yoon et al., 2016; Yoon et al.,
2018) with the objective of obtaining more detailed information on each one of them, for this reason we measured manual
strength-pressure, walking speed and maximum oxygen volume (VO,max).

The TKK-5401 (Takei) manual dynamometer was used to analyze manual strength-pressure. The results of this
measurement are provided according to gender and age groups. In this case, for people between 65 and 70 years the
values range from “risk of dependence” (18.56 kg in women and 34.20 kg in men) to “autovalent without risk” (20.14 kg in
women and 35.83 kg in men) (Maust et al., 2012).

The walking speed study was carried out using Witty-Gate photocells (Microgate Srl, Italia) (Doyle et al., 2020, Franca
et al., 2021). For gait evaluation, a distance of 10 meters was used. Participants started from a static position (without
acceleration), but there was a deceleration zone to prevent them from slowing down before reaching the designated
distance and for safety purposes. Photocells were placed at 2, 4, and 10 meters to measure acceleration over the first 2
meters, the 4-meter speed for the SPPB, and the 10-meter test in a single walk. Establishing results between values of
< 0.6 m/s (high probability of poor health and physical function) up to 1.2 m/s (exceptional health expectations) (Inzitari
et al., 2017).

VO,max was estimated by testing 6 minutes of walking with a Polar V800 pulsometer (Polar Electro Oy, FI-90440 KEMPELE,
Finland) and through the formula VO,max (mL-kg(-1)-min(-1)) = 70.161 + (0.023 x 6MWT [m]) - (0.276 x weight [kg]) - (6.79 x
sex, wherem =0, f=1)-(0.193 x resting HR [beats per minute]) - (0.191 x age [y]) (Burr etal., 2011; Lloret et al., 2014; Passler
et al., 2018; Toledo et al., 2017). The results are also estimated according to gender and age, therefore for the age group
between 65 and 70 years are considered “excellent” score from 45.7 ml/kg/min for men and 37.8 ml/kg/min for women and
“deficient” values at < 32.3 ml/kg/min for men and < 27.5 ml/kg/min for women [53-55]. The same group of researchers
always collected the data.

Procedure

During 16 weeks one group participated in the proposed training program, while the other did not. The Montreal
Cognitive Assessment Test (the MoCa test) and bioelectrical impedance were measured before and after the intervention
in both control and experimental groups. The volunteers completed a health questionnaire/report to confirm that they
met the criteria proposed in the previous section. All research procedures were performed in accordance with the 1975
Declaration of Helsinki, and the consent form, the questionnaire applied, and the study were approved by the Bioethics
Committee of the University of Almeria (Reference: UALBIO2022/049).

The intervention took place during 16 weeks after a process of familiarization of the users with the trainers and the
techniques for performing the exercises. One-hour outdoor training sessions were always conducted by the same personal
trainer with a degree in Sports Science and specialized in working with people over 65 years of age, in groups of five
to seven people, twice a week in Monday-Wednesday or Tuesday-Thursday morning groups. The sessions were mainly
composed of basic movement patterns with exercises such as squats or deadlift for the lower body and dumbbell pushes
from the floor or dumbbell rowing for the upper body. They were performed with different implements and applying a
progression in intensity and volume during the weeks, measured and adjusted according to the Omni-Res Scale (Lagally
& Robertson, 2006) to control that the intensity was always between six and nine Perceived Effort Rating Scale (RPE). The
main exercises were worked with three sets of 8-12 repetitions or Repetitions in Reserve (RIR) of 3-4 (Lovegrove et al., 2022).
With 1-2-minute breaks between each series. At the end of each session, High Intensity Interval Training (HIIT) adapted to
their age was performed with different auditory and visual stimuli to get up from a bench and walk fast, among others,
adjusting the intensity between six and nine according to the Rate of Perceived Exertion (RPE) scale, aiming to achieve
cardiorespiratory improvements and thus promote a more comprehensive and beneficial program. All aerobic training was
controlled by means of the perceived exertion scale or RPE trying to reach between six and eight RPE. In addition, they were
given recommendations to walk an average of 8,000 steps per day, which were monitored using a mobile app (Google Fit)
and was enhanced by all participants.

Statistical Analysis

Statistical analysis was performed with SPSS for Windows (version 27.0). The Levene's test and the Kolmogorov-Smirnov
test justified the application of parametric analysis.

Initially, to evaluate the effects of the intervention program, dependent sample (within-group) and independent
sample (between-group) comparisons were conducted between Time 1 (T1) and Time 2 (T2) using t-tests for related and
independent samples on the following variables: MoCa score, BIA parameters (body fat mass, visceral fat, lean mass,
hydration), hand grip strength, gait speed, and VO,max. In addition to the t-tests, effect size was calculated (using partial
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eta squared) for each comparison, allowing for identification of the magnitude of changes in each variable following
the intervention.

To explore the relationship between variables, a Pearson correlation analysis was performed between MoCa and
the BIA variables, hand grip strength, gait speed, and VO,max, with the aim of identifying significant associations
that would guide subsequent analyses, as well as results in the BIA parameters that could be considered repetitive
(insert reference).

To further explore the effect of the intervention (experimental and control groups) and gender on MoCa results, a
Analysis of variance (2 x 2 ANOVA) was conducted. This analysis allowed for the evaluation of the combined influence
and main effects of the independent variables on the MoCa outcome. For the significance analysis, partial eta squared
(np?) was reported as a measure of the effect size, and since the interaction was significant, the differences between
conditions were examined.

To check the assumptions of the ANOVA, the Levene's test for homoscedasticity and the Kolmogorov-Smirnov test for
normality were performed. Likewise, for the repeated measures, Mauchly's test of sphericity was performed.

We performed a Linear Regression Analysis (stepwise introduction) to analyze whether there was an influence of BIA
parameters (fat mass, lean mass and hydration) on cognitive outcomes (main variable). Prior to this, and to obtain more
accurate information regarding gender, a reduction of dimensions was carried out by means of an Exploratory Factor
Analysis (EFA) for men and for women (extraction of principal components with Varimax rotation) discarding values that
saturated less than .4 in each factor (Lloret et al., 2014) in which, to avoid collinearity, and supported by theoretical data
on analysis of anthropometric parameters with BIA (Norman et al., 2014; Withers et al., 1999), a correlation analysis was
previously performed to confirm the appropriateness of the choice.

Finally, to check the type and degree of influence of the training parameters on the muscle mass variable, we performed
another linear regression (stepwise introduction) where the dependent variable is the muscle mass parameter and, as
independent variables, right hand grip strength, left hand grip strength, walking speed and VO,max (the latter recoded
according to gender).

Results

Analyzed variables and differences according to group (control or experimental) and time of data collection (T1 and T2).

Multiple inter-subject comparisons (Bonferroni correction) show that the control and experimental groups had
equivalent levels for all variables before the intervention, with significant differences appearing between both groups after
the intervention.

The data show (see table 1) that the experimental and control groups started the program under equal conditions. In
addition, there were statistically significant differences between the control and experimental groups in the anthropometric
parameters observed through BIA, the results of the MoCa test and the physical abilities trained after the exercise program
in the experimental sample.

The effect size tests show a medium effect size on the variables lean mass, body hydration, walking speed and VO,max;
while a large effect size on MoCa, fat mass, visceral fat, manual strength right and left.

Influence of Anthropometric Parameters on Cognitive Change According to Gender

To facilitate the interpretation of the results in the linear regression, an EFA was previously performed and, prior
to this, a correlation analysis was carried out between the anthropometric variables to observe, as supported by the
literature, that the conventional BIA scale uses specific equations for the estimation of body composition, so that the
as assumptions of a constant hydration of lean mass inversely proportional to fat mass could lead to estimation errors
and duplication of results (Norman et al., 2012; Withers et al., 1999). For this reason, we chose to eliminate the body
fat parameter (and not hydration) in order to have reference of three different parameters (fat, muscle and hydration)
(see table 2).
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Table 1
Multiple Inter-Subject Comparisons: Experimental and Control, T1 and T2 Statistics After
Experimental Intervention. MoCa and BIA Values

Mean SD LS (sig) T-Students (sig) Eta squared

T1 Experimental group  24.68  3.252
6.560 (.113) 0.093(.762)

Control group 2493  2.887
MoCa
Experimental group  28.55  1.761
T2 1.099 (.299) 39.253 (<.001) 431
Control group 2453  2.885
Experimental group  34.93  8.251
T1 1.051 (.310) .275 (.602)
Control group 33.81 8.026
Fat mass
Experimental group  32.49  8.715
T2 0.357 (.552) 1.939 (.033) 191
Control group 35.60 8.631
Experimental group  12.90  3.559
T1 5.579(.22) 1.297 (.805)
Control group 12.60 5.405
Visceral fat
Experimental group  11.86  3.512
T2 5.249 (.260) 3.755 (.003) 157
Control group 1236  5.268
Experimental group  44.53 8.616
T1 0.97 (.327) 39.933 (.524)
Control group 46.17  10.92
Lean mass
Experimental group  45.87  8.608
T2 1.578 (.214) 15.785 (<.001) 130
Control group 48.88 9.873
Experimental group  46.66  5.455
T1 5.834 (.191) 26.527 (.293)
Control group 48.00 4.201
Body hydration
Experimental group  48.48 5.684
T2 6.123 (.160) 3.825 (.049) 127
Control group 4797 4.253

T1 Experimental group  26.54 8.68
Control group 25.56 7.22

8.124 (.170) 4.352 (.965)
Manual strength

pressure | T2  Experimental group 29.09 10.21

Control group 26.06 8.21

4.235 (.253) 7.244 (.033) 227

T Experimental group  26.35 8.91
Control group 25.98 7.95

7.132(.324) 8.743 (.954)

Manual strength

pressure D T2  Experimental group 27.34  8.77

8.344 (.228) 4.437 (.042) .347
Control group 26.31 7.88

T1 Experimental group 0.57 0.77
7.143 (127) 3.754 (.122)
Control group 0.55 0.74
Walking speed
T2  Experimental group  0.92 0.61

Control group 0.59 0.55

6.518 (.233) 2.568 (.002) 127

T1 Experimental group  22.86 4.40
Control group 23.07 3.87

3.658 (.145) 4.322 (.354)

VO, max
T2  Experimental group  27.76 4.76

Control group 23.09 3.98

4.428 (.244) 3.875(.001) 115

Note. SD = Standard deviation.
LS = Levene's statistics (significance).

sig = significance.
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Table 2
Correlations Between Anthropometric Parameters Measured With BIA and MoCa

Fat mass Visceral fat Lean mass Body hydration MoCa MSP1 MSPD Walking speed VO,max

Fat mass 1
Visceral fat -126 1
Leanmass  -.515%* .694** 1
Body hydration -.968** 126 .590** 1
MoCa .028 -.394* .324% .563 1
MSP | -.643%* A469** .843** 1685 .213 1
MSPD -.640%* .567** .854** .640** 1150 .921%* 1
Walking speed 114 -.367* - 434%* 174 197 -.562** -513** 1
VO,max -017 .068 .073 .090 109  -.105  -.089 .350%* 1

Note. **Significance < .001.
*Significance < .05.
MSP I: Manual strength pressure .

MSPD = Manual strength pressure D.

Ademads, se observaron correlaciones significativas entre los resultados en MoCa y grasa visceral de forma significativa y
negativa (p <.05) y, MoCa y Lean mass de forma significativa y positiva (p < .05). No se observaron relaciones significativas
entre los resultados en MoCa y fuerza manual, velocidad de la marcha ni Vo,max.

The ANOVA test shows that both group membership and gender are significant (p <.001) with a considerable effect size,
indicating that both variables affect the MoCa results. The groupgender interaction is not significant (p = .190), suggesting
that the effect of the program is similar between men and women in terms of improvement in MoCa (see table 3).

TMaetc)zlnaS3quare of MoCa Results. Comparison Between Groups (Pre-Test and Post-Test) and by Gender
Effect Dependent variable Mean square F Partial Eta square
Group MoCa 177.347 10.272% .248
Gender MoCa 85.67 15.92* 172
Group*Gender MoCa 9,45 1.76 .0.24

Note. *Significance < .05.

Considering scientific studies on gender differences in body composition (Pekkarinen et al., 2012) and, especially, after
menopause, in visceral fat in women (Greendale et al., 2019), we found it necessary to perform the EFA distinguishing
according to gender.

The results shown below explain how the factors extracted in the EFA are different for each group in terms of factor 1 (in
which visceral fat is taken into account).

Females

The EFA shows the existence of two strongly differentiated factors with a Total Explained Variance of 96.968% and Kaiser-

Meyer-Olkin measure (KMO = .451; sig <.001).

Factor 1. Denominated “unhealthy fat and hydration”, which strongly saturate positive visceral fat and negative body
hydration. Composed of visceral fat in positive (.907) and negative body hydration (-.979).

Factor 2. Denominated “healthy muscle mass”, it saturates only and strongly the positive lean mass. Composed solely of
muscle mass (.982).
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Males

The EFA shows the existence of two strongly differentiated factors with a Total Explained Variance of 96.702% and Kaiser-
Meyer-Olkin measure (KMO = .390; sig <.001).

Factor 1. Denominated “healthy fat and hydration”, strongly saturate visceral fat negatively and body hydration positively.
Composed of negative visceral fat (-.979) and positive Body Hydration (.920).

Factor 2. Denominated “healthy muscle mass”, strongly and exclusively saturates the positive muscle mass composed
solely of muscle mass (.991).

Next, as shown in the results of the linear regression (table 4), differentiated by gender, we can see how factor 2 “healthy
muscle mass” is the accepted model for both groups with respect to its influence on the results of the MoCa test. However,
a slightly greater influence of this variable is observed in the group of women compared to that of men.

Table 4
Linear Regression Divided by Gender. MoCa Dependent Variable
b Standardized t- Durbin
Model standardized o sig ANOVA R
. . coefficient Student Watson
coefficient
B (dev) Beta
Females Constant 30.818 (3.753) 8.213 <.001
2.099 8.125* 713
Factor 2 0.041 (0.092) -0.124 0.451 .020
Males Constant 29.514 (5.480) 5.386 <.001
1.305 9.207* .519
Factor 2 0.032(0.103) -0.097 0.309 .040

Note. *Significance <.001.

Influence of Training-Derived Fitness Parameters on Muscle Mass

As already observed in previous analyses, muscle mass is an influential factor in cognitive values. In the training program
we trained both upper body strength (measured through the manual strength-grip variables) and lower body strength
(measured with the walking speed variable) and oxygen capacity (VO,max), so we performed a linear regression analysis
with the main objective of finding out which trained ability had the greatest influence on the anthropometric parameter of
muscle mass.

The results of the analysis showed that the manual strength-grip of the right hand (both in T1 and T2) is the only parameter
analyzed in the experimental group that influences the muscle mass determinant in the cognitive variability. Likewise, the
strength of the variable (the model) is observed to increase at T2 with respect to T1 (see table 5).

Table 5
Linear Regression T1 and T2. Lean Mass as a Dependent Variable
Model Not standardized Standardized t si Durbin
coefficient coefficient Student g Watson
B (dev) Beta
T1 Constant 1.576 (0.395) 3.988 <.001 v
Manual grip force (Right)* 0.525(0.196) 0.533 2.675 .015 ’
T2 Constant 1.500 (0.458) 3.768 .001 5247
Manual grip force (Right)** 0.519(0.160) 0.579 3.251 .004 '

Note. *Summary of Model 1 (T1): R = .533; R2 = .285; excluded variables= (F-P left = 0.718; sig = .483)

(test speed =-0.372; sig = .714) (VO,max = -1.631; sig = .121).

**Summary of Model 1 (T2): R =.579; R2 = .335; excluded variables= (F-P left = 1.049; sig = .307). (test speed = 0.155; sig =
.878) (VO,max =-1.015; sig = .323).

Discussion

The main objective of the present study is to observe if the physical abilities trained, in the proposed exercise program,
manage to modify the results of the MoCa Test and taking the gender variable into account. In this respect, the effectiveness
of the training program in which strength and resistance are combined is proven, as other research shows (Garcia et al.,
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2013). More specifically, the program improved all the BIA parameters of the participants, especially visceral fat and lean
mass. These data are consistent with other studies in which these parameters are also modified through strength-resistance
training (Griebler et al., 2022; Pekkarinen et al., 2012; Yoon et al., 2016). These results may be due to numerous factors that
have not been the objective of the present study, but the scientific literature can give us information to relate them such as:
1) the beginning of a training program increases caloric expenditure, and this reduces the body fat percentage; 2) exercise
can motivate the person to include other healthy habits including eating thus reducing caloric intake; etc. (Collado et al.,
2021; Milanovi¢ et al., 2015).

However, we consider it interesting to note that although the participants started with some parameters at levels
considered “danger” (fat mass, visceral fat, manual force-grip and walking speed), the practice of a 16-week training
program failed to raise these to levels outside the “no danger” band; however, it positively improved all of them. Therefore,
it is recommended to follow a training progression and remain constant (Pérez, 2020; Prado et al., 2017) and, even more,
having observed the strong relationship between levels in MoCa, muscle mass and manual force-grip.

Analyzing the above parameters by gender has confirmed that the measurements should be made taking into account
this variable (Beaudart et al., 2020; Ling et al., 2011), as well as that the training programs should suggest specificities
according to group (Garcia, 2022; Gonzalez & Rivas, 2018). This is because the physical and physiological parameters
and changes are not the same between men and women throughout life and, moreover, for women, nonexistence of
menstruation produces physiological situations that must be taken into account in training design; for example, there are
studies that relate visceral fat accumulation in women after menopause with variations in the proportion of insulin growth
factor (IGF-1) and sarcopenia (Barclay et al., 2019; Nguyen et al., 2020) associated with cognition. But most of these studies
are cross-sectional, so the present investigation may provide useful and necessary information for further research. In
general, there are not enough studies related to prescription of physical activity in the elderly differentiated by gender for
the prevention of cognitive decline.

In the present study it has been observed that for both men and women a muscle mass at healthy levels helps in the
prevention of cognitive decline. This is consistent with other studies (Del Carmen et al., 2023; Zanchetta et al., 2021). It is
true that there are recent studies that highlight this theory (Amaral et al., 2019; Ortega et al., 2012; Soriano et al., 2022), but
in our case we provide new information about physical exercise and physical qualities that have a positive impact and the
physical ability to improve the influential parameter.

In addition to the above, this study aimed to analyze the relationship training-cognitive impairment more accurately,
establishing links between the physical abilities trained in the program, BIA variables modified thanks to this training and
the results in MoCa. In this respect we can establish several ideas. The first is that there are modifications derived from
training in both physical abilities and in anthropometric variables and, the second, that right hand force-grip is the ability
as it has the greatest influence on the muscle mass variable which in turn is the most influential in the results of the MoCa
test. In this sense, the importance of laterality with respect to the dominant limb and its greater relevance in activities of
daily living, among others, seems to be related, where significant changes in this limb are more relevant to analyze the
health condition (Zaccagni et al., 2020). The muscle mass is the most influential factor may be due to the fact that, as recent
studies show, low lean mass causes dysfunction in the secretion of myokine (type Il fibronectins containing 5/irisin and
cathepsin B) which are related to muscle activity and which cross the blood-brain barrier producing the regulation of brain
expressions derived from neurotrophic factor (BDNF) (Matthews et al., 2019; Rose, 2021).

There are also studies that relate low lean mass with deficiencies in the protein balance, which is reflected in deficient
protein metabolism at the cerebral level (Dominguez et al., 2016; Poddar et al., 2019), even because low muscle mass
produces dysfunctions at the mitochondrial level and more residues of reactive oxygen species reach the brain, generating
situations of oxidative stress that promote senescence (Liguori et al., 2018; Limoge et al., 2017), or that the influence on
insulin metabolism causes brain receptors to decrease along with their sensitivity and increases cerebrovascular damage
Tau phosphorylation (Gonzalez & Rivas, 2018).

Limitations

The study has several limitations to mention: first, the absence of a physical exercise program with adequate monitoring
and progression of the load, as the 1-RM of the participants was not estimated prior to the start of the exercise program.
In line with the above, it is also important to point out that the training sessions followed guidelines for the exercises to be
performed, but it was the trainer in question who designed them without supervision during the session which, despite
being fully trained to do so, the rest of the session was directed by the trainer according to his or her interests in each
group. Another limitation to point out, with respect to aerobic exercise, is the absence of heart rate monitoring during the
session, based only on a subjective effort scale, as well as the absence of a stress test that would calculate cardiorespiratory
ability through a direct method.
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Conclusions

In relation to all the above mentioned in this article, we believe that further research should be done on cognitive frailty
and its prevention by combining a proposal of strength-resistance exercise to maximize the gains and adapt a more specific
dose for each subject according to his or her characteristics. In this sense, it is proposed to replicate this same intervention
with a more detailed program and/or tests of greater reliability in the measurements of cardiorespiratory ability, strength
or body composition or to analyze biochemical values. Finally, it is also proposed to carry out an intervention such as the
one presented for a longer period of time, in order to check whether the trend between both times of evaluation of muscle
mass gain for longer training time is confirmed and whether this translates into greater cognitive gains.

This study highlights the interconnected role of muscle mass, grip strength, and body composition in cognitive test
outcomes, advancing our understanding of cognitive frailty and the biological foundations that link physical and cognitive
health. For researchers in geriatrics, neuroscience, and exercise sciences, these findings emphasize the need for a
multidisciplinary approach to the study of aging, underscoring how physical factors such as muscle mass and strength can
serve as predictors of cognitive health. Furthermore, this study advocates for integrating cognitive frailty into existing aging
models, which could open new lines of research on the biochemical and physiological impacts of exercise on brain health.

Moreover, until now, few studies have provided such a nuanced exploration of how these factors vary by gender or
have examined the predictive power of anthropometric variables, such as muscle mass, specifically for cognitive health.
By detailing these factors, our research highlights the need for gender-specific approaches in exercise-based interventions
and sheds light on unique physiological indicators relevant to cognitive frailty.

In general, our findings suggest that strength and endurance programs can improve physical and cognitive health in
older adults, increasing their independence. Implementing these programs in geriatric and community care could reduce
cognitive decline, healthcare costs, and benefit overall well-being in society.

Therefore, the main conclusions of this research are: 1) the practice of a training program that combines strength and
endurance of 2 hours a week helps in the prevention of cognitive deterioration; 2) the manual force-grip is the variable that
predicts in the state of muscle mass of the surveyed subjects; 3) muscle mass is the anthropometric variable that has the
greatest relationship with cognitive deterioration; 4) although there are differences between men and women in terms of
physical ability, type of measurement and BIA values in both sexes, muscle mass has the greatest influence on cognitive
deterioration.

For all the above we believe that this research presents a very fine analysis in terms of influential factors and differences
according to gender not previously performed.
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