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Abstract: Social cognition is related to the so-called “Theory of the mind” and refers to the ability
to understand the behavior of other people. It plays a transcendental role in the social relations
cohesion. Knowing whether normal aging is associated with deficiencies in social understanding is a
problem in characterizing the changes that occur in adulthood. The aim of this study was to examine
whether the social cognition of the elderly is mediated by factors such as working memory, physical
activity, body composition, or age, in elderly people. Sixty volunteers (mean age, 71.50 + 4.84 years)
were recruited from various locations in Malaga. Recognition of emotional expression, working
memory, body composition, and physical activity were evaluated. Our results show that performance
in emotion recognition is not affected by age in the range studied. Furthermore, we have not found a
relationship with any of the body composition parameters. However, a significant relationship with
performance in working memory has been revealed, as well as a significant relationship between
vigorous/very vigorous physical activity and working memory. Therefore, physical activity could be
positively related to the recognition of emotions by positively influencing working memory.

Keywords: Theory of Mind; social intelligence; exercise; body composition; working memory;
older adults

1. Introduction

“Social Intelligence” or “Social Cognition” are terms directly related to the so-called “Theory of
Mind” (ToM) and refer to the ability to understand and predict the behavior of other people, their
knowledge, their intentions, their emotions, and their beliefs [1].

Consequently, ToM is a distinctive capacity that underlies social interaction and allows us to
represent the mental states of others. Therefore, it plays a transcendental role in cohesion of individual
and social relationships [2]. Furthermore, for humans, social interaction development could represent
the last step in the evolution of our cognitive architectures [3].

Initially, the study of ToM was limited to primatology and generalized developmental disorders
along with acquired brain and cognitive disorders related to aging [4]. However, social cognition is a
complex process in which there are mechanisms to perceive, process, and evaluate stimuli, which allows
us to represent the social environment [3,5]. Thereby, when we refer to ToM, we talk about a complex
system of metacognitive skills directed at knowing the contents of the cognitive system of others [6].
Generally, these skills are studied and evaluated at various levels: first- and second-order beliefs, social
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use of language, social behavior and empathy, and facial recognition of emotions and decoding of
mental states only from information of the eyes.

In the present study, we focused on facial recognition of emotions and decoding of mental states
only from information of the eyes. Recognition of facial emotions is the ability to identify and recognize
basic forms of affective and emotional expression by observing people’s faces [7]. Emotional facial
recognition is affected by age, context, and some characteristics of cognitive and neuronal development,
and the incorrect interpretation of emotions is related to interpersonal and social problems, low social
functioning, and inappropriate social behaviors [8,9].

Within this set of complex metacognitive skills, emotional expression is studied through the gaze.
When we interact with others, we are constantly modulating our message or our actions according to
their facial expression, and we also use the movements and factions of our face, trying to emphasize
what we say or execute. Therefore, the ability to read or interpret the others’ eyes, or “read the mind in
the eyes” (RME), is a key component in the study and evaluation of ToM [10].

Although some studies have already used RME task to demonstrate differences in performance in
certain population profiles [11,12], there is little evidence of studies assessing social cognition and its
relationship with other variables in adults with normal intelligence [10], and therefore it is necessary to
carry out studies such as this one to fill the gap in the literature.

1.1. ToM and its Relation with Other Cognitive Abilities

As we have seen in previous paragraphs, ToM plays a fundamental role in the cohesion of
individual and social relationships. Some authors suggested that this mechanism may be innate and
managed in a genetically determined module that is activated by environmental stimuli [13], and it
would consist of a specific and specialized cognitive domain for the understanding of mental states [1].
This particularity would make it possible for this function to be damaged in a person with normal
functionality in other aspects.

An alternative hypothesis, supported by injury studies and some work in autism, is that ToM is
based on metarepresentation. In this sense, it is thought that there is a relationship between ToM and
other cognitive skills related to reasoning abilities and understanding of mental states [14]. Besides,
ToM could be related to executive functions, since it presents a cognitive component related to them
as working memory or planning processes, and other more emotional components related to moral
dilemmas [6]. Likewise, there could be a close relationship between the execution of tasks related to
the evaluation of ToM and working memory, since the difficulties in registering, updating, maintaining,
or inhibiting information of patients with a severe impairment of the central executive system cannot
solve this type of task [6].

1.2. ToM and Aging

Knowing if normal aging is associated with impairments in social understanding is a critical
issue to characterize the changes that occur in adulthood. Skills related to ToM are acquired with age
forming a kind of social wisdom in each person, and some methodological advances show that ToM
works independently of general cognition in aging, but there is currently a great debate about ToM as
a special cognitive module [6,12,14]. The first investigations carried out in this regard supported the
general hypothesis that ToM is not affected by age, but in recent years the results show evidence that
there are specific measurable deficits in ToM with increasing age [15].

The effects of Parkinson’s disease on ToM were also investigated, and additional evidence was
obtained suggesting that ToM is not affected by aging [16]. Other authors found similar performance in
healthy older and younger participants in several different ToM paradigms, reporting that the elderly
were not affected in a ToM task and that there are no exclusive impediments for them [4,8].

Finally, studies of the effects of Alzheimer’s disease and dementia on ToM found that there were
no significant effects of age on ToM dysfunction, despite both disorders being related to ToM deficits.
However, ToM impairment was significantly more severe in dementia than in Alzheimer’s disease
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and, in turn, ToM deficits were much less severe than general cognitive dysfunction in Alzheimer’s
disease [17].

1.3. Physical Activity as a Stimulus-Generating Element for the Formation of ToM

As ToM is a capacity developed with brain maturation and activated by environmental stimuli that
can be developed in different ways, physical activity (PA) can be understood as a vehicle that allows
varied social experiences and, therefore, the formation and maintenance of social cognition. Moreover,
since we are born, movement allows us contact and relationship with our environment and with others.
Furthermore, PA can induce acute and chronic effects on structural and functional levels in the aging
brain and produces beneficial effects on our cognition that contribute to the maintenance of physical
well-being and a healthy cognitive state that allows us the performance of daily activities [18-24].

Every day, new benefits that physical exercise brings to our physical and mental health are
discovered. The effects that PA has on the functionality and structure of our nervous system
are increasingly evident, and the findings that relate the state of physical fitness with executive
functions [25,26], memory [27,28], and mental flexibility [26] are increasingly consistent. However, few
studies have analyzed the effects that PA has on social cognition.

In view of the above, we can say that the study of the relationship between social cognition and
PA in healthy elderly has been scarce. The aim of the present study was to examine whether the social
cognition, indexed in facial recognition of emotions and working memory of healthy elderly people,
is mediated by various factors such as the amount and intensity of PA performed, body composition,
or age in elderly people.

2. Materials and Methods

2.1. Participants

Sixty female volunteers (mean age, 71.50 + 4.84) were recruited for this study. The recruitment
process was carried out in the healthy aging centers and in the Sport Preventive Medicine area in
Malaga city (Andalusia, Spain), between September 2019 and February 2020. Once the possible
candidates were identified, we proceeded to contact them by phone to explain the design and objectives
of the study and invite them to participate.

After obtaining written informed consent, the subjects underwent a clinical interview by a doctor
of internal medicine, nurse, psychologist, nutritionist, and physical activity monitor. Exclusion
criteria included a self-reported history of psychiatric illness or any other serious medical condition
(e.g., diabetes, cardiovascular disease). Of the 99 people who agreed to participate, 33 were excluded
from the study for not meeting the established inclusion criteria, leaving a sample of 60 women and
6 men. Due to the low number of men, which did not constitute a representative sample, we decided
to exclude them and carry out the study only with women.

This study, conducted from the Regional University Hospital of Malaga, was developed following
the ethical guidelines of the World Medical Association Declaration of Helsinki (WMA 2013) and has
the approval of the Malaga Provincial Research Ethics Committee of the Andalusian Government
Health Department.

2.2. Instruments

To assess recognition of emotional expression through the gaze, participants carried out the
Reading the Mind in the Eyes test (RMET) of Baron-Cohen et al. [10]. This assessment instrument is
widely used in research studies with various disorders [29]. A translation and adaptation to Spanish,
retrieved from the Autism Research Center of the University of Cambridge, was used [30].

The test consists of a total of 36 photographs that were exposed on a monitor. Each of them
were accompanied by four adjectives from which the participant must choose only one of them (the
one considered to correspond more accurately to the image). The selected word was circled on a
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paper records sheet. The subject was warned that there was no time limit, but should do so in the
shortest possible time. If any of the terms were not understood, the help manual could be consulted.
A difficulty weighted score (RMETdiff) of the photographs was calculated based on performance
norms of the test manual. We understood as the easiest photographs those with the lowest number of
incorrect responses, while the most difficult were those with the highest number of incorrect responses.
Then, more difficult photographs received a higher weighting than the easier ones [10].

To assess working memory and information processing, participants completed the “Digits tasks”
and “Letters and Numbers” task from the Spanish adaptation of the Wechsler Adult Intelligence
Scale—Fourth Edition (WAIS-IV) [31]. The tasks were performed according to the instructions provided
by the test manual. The internal consistency of the Spanish adaptation of the WAIS-IV has been studied
using the two-halves method and the Cronbach’s alpha coefficient, except for the Symbol Search,
Number Keys, and Cancellation tests, which used the test-retest correlation. The reliability coefficients
vary slightly according to the age group and range between 0.72 and 0.93 for the tasks and between
0.87 and 0.97 for the Indices and the Total Intelligence Quotient (TIQ). The correlations between the
different tasks on the scale, for all age groups, range between 0.12 (Cancellation-Comprehension) and
0.64 (Digits-Letters and numbers) [31].

To estimate the amount and intensity of PA, ActiGraph wGT3X-BT® accelerometers (ActiGraph
LLC, Pensacola, FL, USA) were used for 7 days. Accelerometers are commonly used for assessing PA
in humans and, more concretely, ActiGraph wGT3X-BT® accelerometers have been widely used in
studies [32]. The accelerometers were placed on the wrist of the nondominant hand and an epoch of 60 s
was established. The cut points used were from Freedson VM3 (2011): Light 0 to 2690, Moderate 2690
to 6166, Vigorous 6166 to 9642, Very vigorous 9643 and above, MVPA Minimum Count 2690 [33-36].

Total body composition was estimated using a Hologic QDR 4500® dual-energy x-ray
absorptiometry (DXA) scanner (Hologic Inc., Bedford, MA, USA), which is a gold standard for
body composition estimation [37,38]. Each subject was scanned by a certified technician, and the
distinguished bone and soft tissue, edge detection, and regional demarcations were done by computer
algorithms with APEX Software 3.0® (APEX Corporation Software, Pittsburg, PA, USA). For each
scan, subjects wore sport clothes and were asked to remove all materials that could attenuate the X-ray
beam, including jewelry items. Calibration of the densitometer was checked daily against standard
calibration block supplied by the manufacturer.

2.3. Procedure

All participants were tested in the morning (10:00-12:00 h). Participants first completed the RMET
as indicated on performance norms of the test manual. This test requires participants to recognize
different mental states from photographs that show only the eye area of the face and indicate one
of the four adjectives presented with the image shown. Then, participants had a five-minute break
before completing the aforementioned WAIS-1V tasks according to the instructions provided by the
test manual.

Once this was done, participants were scanned to determine their body composition using the
Hologic QDR 4500%® dual-energy x-ray absorptiometry (DXA) scanner and following the procedure
explained above. Finally, participants were provided with the accelerometer they would carry for
7 days. It was placed on the wrist of the nondominant hand and, after a week, the accelerometer was
returned for data extraction.

2.4. Data Analysis

After the normality analysis of the variables, the correlation coefficients were calculated taking
into account their parametric or nonparametric nature.

Later, to determine whether some relationships between RMETdiff and very vigorous PA (VVPA)
were present, a linear regression was performed to assess the ability of VVPA to predict performance
on the RMETdiff. Furthermore, to determine whether a relationship between working memory and
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RMETdiff was present, working memory was entered into a simple regression as a predictor of
RMETdiff. Then, a third linear regression was performed to determine the relationship between VVPA
and working memory. Finally, a multiple regression was performed with the variables that had shown
a relationship with RMETdiff.

Analyses were conducted to ensure the assumptions of normality, linearity, multicollinearity, and
homoscedasticity were not violated.

3. Results

Descriptive statistics are presented in Table 1 and bivariate correlation coefficients (CI = 95%)

among measures are presented in Table 2.

Table 1. Descriptive statistics.

Variable Mean SD
Age 71.40 494
WM 17.01 3.37

RMET DIFF 33.70 7.49
LPA 705.40 139.07
MPA 287.27 79.70
VPA 65.29 48.44
VVPA 7.27 8.65
MVPA 359.83 107.43
LEAN 38,457.09 4921.54
MASS 71,258.48 9697.72
%FAT 45.78 4.78
BMD 0.81 0.08

Age (years); WM: working memory (obtained score); RMET DIFF: reading the mind in the eyes test weighted for
difficulty (obtained score); LPA:, Light Physical Activity (minutes/week); MPA: Moderate Physical Activity
(minutes/week); VPA: Vigorous Physical Activity (minutes/week); VVPA: Very Vigorous Physical Activity
(minutes/week); MVPA: Moderate and Vigorous Physical Activity (minutes/week); LEAN: Lean Mass (Kg);
MASS (Kg); %FAT; BMD: Bone Mineral Density (g/cmz).

Table 2. Simple correlation coefficients among measures (N = 60).

Age WM RMET DIFF LPA MPA VPA VVPA  MVPA LEAN MASS  %FAT
WM -0.131

lg\flfg 0.038 0.659 **

LPA 0.164 ~0.111 -0.123

MPA  —0.140 -0.039 0.056 —0.726*

VPA  -0496*  0.158 0118 —0475% 0321

VVPA  —0355%  0214* 0.134 ~0.257* 0.134 0.639 **

MVPA  —0.329* 0.182 0.124 —0755%  0868*  0731*  0.532%

LEAN 0213 0.002 ~0.054 0.018 0.060 0.106 0.063 0.137

MASS  —0.376*  0.061 0.074 0.108 -0.093 0.257 0.200 0.056 0.712

%FAT  —0.285* 0.126 0.139 0.156 -0.222 0.168 0.131 ~0.109 -0.157  0.423*

BMD  -0323*  -0.036 ~0.069 -0.119 0.148 0.268 0.247 0.262 0569  0.504*  -0203

**p<0.01,*p <0.05. Age (years); WM: working memory (obtained score); RMET DIFF: reading the mind in the
eyes test weighted for difficulty (obtained score); LPA:, Light Physical Activity (minutes/week); MPA: Moderate
Physical Activity (minutes/week); VPA: Vigorous Physical Activity (minutes/week); VVPA: Very Vigorous Physical
Activity (minutes/week); MVPA: Moderate and Vigorous Physical Activity (minutes/week); LEAN: Lean Mass (Kg);
MASS (Kg); %FAT; BMD: Bone Mineral Density (g/cmz).

Regarding age, no significant relationship was found with either RMETdiff (r = 0.38, p > 0.05) or
working memory (rho = -0.131, p > 0.05).

Obviously, a significant negative relationship was found between age and the amount and intensity
of physical activity performed by the subjects VPA (tho = -0.492, p < 0.01), VVPA (rtho = -0.355,
p <0.01), MVPA (r = —-0.329, p < 0.05). Likewise, a negative and significant relationship was found
between Age and Mass (r = —0.376, p < 0.01), BMD (r = —0.323, p < 0.05) and %FAT (r = —0.285, p < 0.05)
since, as we reach advanced ages, the body tissues become lighter.
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RMETdiff was positively related to working memory (tho = 0.659, p < 0.01), but no relationship
was found between RMETdiff or any of the variables of PA. However, working memory was positively
related to VVPA (tau_b = 0.214, p < 0.05).

A linear regression was performed first to assess the ability of VVPA to predict performance on
the RMETdiff. The predictor VVPA (B = 0.249, B SE = 0.109, 3 = 0.288, t = 2.288, 95% CI [0.031, 0.467])
significantly accounted for 8.3% (95% CI for R?; adjusted R? = 0.067) of the variance on RMETdiff
performance, F (1, 58) = 5.237, p = 0.026. Another linear regression was carried out to assess the
ability of working memory to predict performance on the RMETdiff. The predictor working memory
(B=1.005, BSE = 0.153, 3 = 0.653, t = 6.562, 95% CI[0.70, 1.31]) significantly accounted for 42.6% (95%
CI for R?; adjusted R? = 0.42) of the variance on RMETdiff performance, F (1, 58) = 43.055, p = 0.000.
A third linear regression was performed to assess the ability of VVPA to predict performance on
working memory. The predictor VVPA (B = 0.196, B SE = 0.069, 3 = 0.349, t = 2.836, 95% CI [0.058,
0.335]) significantly accounted for 12.2% (95% CI for R?; adjusted R? = 0.11) of the variance on working
memory performance, F (1, 58) = 8.040, p = 0.006.

Finally, a multiple regression (Table 3) was implemented to study the possible relationship between
the predictor variables (age, working memory, and VVPA) and RMETdiff. The variables (Age, working
memory, and VVPA) significantly predicted a total of 45.8% (95% CI for R?; adjusted R? = 0.429) of
the variance in RMETdiff, F (1, 56) = 37.483, p = 0.000. Only working memory presented a significant
relationship (B = 0.966, p < 0.01), Age (B = 0.264, p = 0.094) and VVPA (B = 0.092, p = 0.327) being
excluded from the model due to their low relevance.

Table 3. Multiple regression analysis for variables predicting RMETdiff.

Variable B B SE B
Age 0.264 0.155 0.174
WM 0.966 0.162 0.645 **
VVPA 0.092 0.093 0.106
**p < 0.01. Age (years); WM: working memory (obtained score); VVPA: Very Vigorous Physical Activity

(minutes/week).

4. Discussion and Conclusions

This study aimed to help the understanding of the influence that some factors have on social
cognition of the elderly indexed in the facial recognition of emotions. For this, a series of elements that
can influence were controlled, including age, body composition (lean mass, fat mass, and bone mineral
density), amount and intensity of PA, and working memory.

It seems logical to think that, if our brain is affected by aging, ToM could also be affected by
the appearance of impairments in cognitive operations. Two interesting possibilities regarding the
relationship between ToM and aging can be discussed: on the one hand, if ToM is linked to the
functioning of a specific cognitive architecture, the declines in that cognitive architecture can also be
associated with declines in social functioning. For example, if the elderly show a detriment in “fluid”
intelligence, a worse performance in ToM could be explained by a lower capacity of fluency that makes
it difficult for them to work, and not by a specific domain problem in ToM [4,39]. On the other hand,
the accumulation of knowledge about the social world throughout one’s life can lead us to be much
more efficient in our social interactions, and maybe for that the elderly show a conserved capacity of
ToM that does not deteriorate with aging.

Some studies have already used RMET trying to demonstrate differences in performance in certain
population profiles [11,12], pointing out that the performance obtained in this test by the elderly
was lower than that obtained by young people [4,40—42] and that the difficulties in recognition are
probably independent of the decreases in general cognitive declines [2]. Bailey et al. [41] added that
the reduction of cognitive empathy was associated with less social participation in older participants.
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Slessor et al. [43] reported this deterioration in elderly people, but it also occurred in the control
conditions and the authors suggested that the deficiencies observed in ToM could produce general
deficiencies in social understanding due to advanced age. For their part, Duval et al. [44] also reported
that older participants were affected when decoding complex mental states, but not to recognize basic
emotions, and that the effect of age on RME task performance was not mediated by processing speed,
executive function, or episodic memory.

As a result of these studies that use the RME task in aging, we could say that, in general,
this capacity is affected by age. However, in light of the results obtained in our study, we can say
that performance in the facial recognition of emotions is not affected by age in the age range studied
(60-88 years). These results contradict the studies that used RME to report its relationship with aging
and that indicated that this ability is affected by age, although in those cases, the analyzed age ranges
were different [4]. Therefore, our data reveals that elderly people show a preserved ToM capacity that
does not decrease with aging in the studied age range.

These results support the data obtained in other studies that suggest that the difference between
the young and old group is nonexistent or not significant [15,16,41,45-47], and some of them even
indicated that the elderly tend to perform quite well on tasks that assess ToM. In fact, Nolaker et al. [15]
reported that the elderly participants performed significantly better than younger participants in some
ToM tasks. These findings suggest that social cognition is a domain in which experience must be taken
into account.

Nevertheless, our findings are also in line with other subsequent research that does not exactly
share the idea that ToM tasks are not specifically affected in the elderly [15]. There are variables related
to general cognitive abilities, such as crystallized and fluid intelligence and working memory, that
could alter the conclusions. In fact, today there is an active debate about the relationship between
social cognition and other cognitive abilities.

Regarding the relationship between facial recognition of emotions and other cognitive abilities,
some authors reported that, in most cases, facial recognition of emotions is independent of general
cognitive declines [2], suggesting that this mechanism may be innate and specific [1,13]. However,
an alternative hypothesis is that ToM is based on meta-representation [14], and therefore ToM could be
related to executive functions such as working memory or planning processes, as well as another more
emotional components related to moral dilemmas [6].

Baksh et al. [4] made a difference between executive functions, working memory and
decision-making tasks, and emotional recognition. These authors concluded by stating that, in normal
aging, there is an affectation of the first functions and not of the latter ones. Subsequent research reveals
age-related deficits that are likely to depend in whole or in part on general skills such as working
memory, processing speed, and executive function [2]. Furthermore, although memory and the ability
to retrieve verbal and nonverbal material is probably one of the first cognitive functions to suffer
deterioration due to age [48,49], in our sample we have found that performance on working memory
test is not affected by age in the studied interval (60-88 years).

In another study [50], three groups (young, middle-aged, and elderly) were compared under
conditions that varied in the requirement to recall key information. The two groups of older participants
had worse results under a load of memory, which suggests a direct effect of working memory on
ToM performance.

In our case, the results have shown a significant relationship between performance in working
memory tests and RMETdiff, specifically the predictor working memory significantly accounted for
42.6% of the variance on RMETdiff performance. These results support the theory that there could be a
close relationship between the execution of tasks related to ToM assessment and working memory due
to the need to record, update, and maintain information [6].

Our findings are also in accordance with other studies in which groups of elderly participants
performed worse under memory load, suggesting a direct effect for working memory on ToM
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performance [2,6,50]. Thus, performance in facial recognition of emotions probably depends partially
or totally on general skills such as working memory, processing speed, and executive function.

Given that ToM would be a capacity that can be acquired in different ways and activated by
environmental stimuli [13], PA could constitute an excellent vehicle that allows varied social experiences
and, therefore, the formation and maintenance of social cognition. Furthermore, knowing that PA
produces beneficial effects on our body, our nervous system, and our cognition [22], it seems logical to
think that these effects would be equally beneficial in social cognition, understood as a cognitive ability.

In other words, social cognition could benefit, on the one hand, from healthy effects that physical
exercise brings to our nervous system and, on the other hand, from the increase in experiences and
social contacts derived of the practice of PA, and both factors would affect the greater development
and/or maintenance of social competence [51-55]. Similarly, some factors such as diseases and possible
consequent pain can determine the amount of PA that one person can carry out, and therefore their
social contact amount [56].

Several studies have shown that physically active people have a reduced risk of cognitive
impairment and dementia [57,58]. The PA that we can perform on a daily basis, even without being
of great intensity, could favor cognitive maintenance and delay its impairment. This was reported
by Kattenstroth et al. [59], who performed a six-month dance intervention and claimed that even
moderate levels of PA, in combination with a rich sensorimotor and cognitive compromise, can help
alleviate age-related deterioration.

In the present study, based on the results obtained, we have found a significant relationship
between RMETdiff and the amount of VVPA (attributable to healthy elderly people). The predictor
VVPA significantly accounted for 8.3% of the variance on RMETdiff performance. In addition,
a relationship between working memory and VVPA was found; in our case, the predictor VVPA
significantly accounted for 12.2% of the variance on working memory performance. However, we have
not obtained any significant relationship between RMETdiff and other amounts or types of intensity of
PA, taking into account the cutoff points used. There were also no relationships between RMETdiff
with any of the body composition parameters evaluated.

These results are partially in line with those of Ruscheweyh et al. [60], who evaluated healthy
elderly individuals while participating in a six-month intervention of PA of medium or low intensity.
These authors reported that increases in total PA were positively associated with an increase in memory.
Thus, there is a correlation between the increase in total PA and better episodic memory in elderly
individuals after low and medium intense physical training.

There are some limitations to the study. First, the fact that the sample is formed only by women
can influence the results obtained. In addition, some variables such as the level of studies or the
socioeconomic level of the subjects have not been taken into account, despite the fact that these data
could be important in the results obtained in the tests carried out and in the cognitive performance of
the participants in the study.

Future work lines would benefit from increase of the sample, since increasing the number of
subjects evaluated and including both men and women in a similar proportion could help to obtain
more representative results of the studied reality. Another option could be to extend the age range
covered or establish two age groups to compare the results between older and younger people. In the
same way, it could be interesting to design a more ambitious longitudinal study that followed up on a
group of subjects over the years to check the influence of the aging process on cognitive skills and
social cognition. It could also be considered the possibility of applying to the data of the amount and
intensity of PA other cut points that are also valid for our age range, verifying if new correlations are
obtained between the variables studied. Finally, although in this study we have focused on working
memory, there are other executive functions that can influence facial recognition of emotions, and
whose study can be very interesting to understand ToM functioning.

In summary, although a consensus on whether ToM is an innate or acquired ability has not yet
been reached in the literature, there is no doubt that it is a specific cognitive domain differentiated from
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the others, managed by a genetically determined module that is activated by environmental stimuli [13].
That is, ToM is a capacity that can be influenced by external factors such as PA, which is known that it
can induce acute and permanent changes in structural and functional levels in the aging brain.

The discovered benefits of PA on physical and mental health are increasing and, as other cognitive
abilities are improved thanks to exercise, the healthy effects that PA brings to our nervous system
could benefit ToM so much, in part because of the increase in experiences and social contacts that
involves a greater amount of physical activity [53-55].

Furthermore, the PA that we carry out daily, regardless of its intensity, produces physiological
effects that favor the maintenance of a healthy mental and cognitive state, delaying its deterioration [59].
The PA that we can carry out daily could favor maintenance and delay cognitive deterioration and
even more if it is carried out in combination with a sensorimotor and cognitive compromise, being
able to help alleviate age-related deterioration [59].

In light of the results obtained, we conclude that ToM is not directly influenced by age, which was
proven thanks to the performance of the elderly in facial recognition of emotions tasks. However, it is
affected in some way by the decline suffered by some executive functions due to the aging process, and
at the same time, is benefited by the practice of PA.

Furthermore, our results show that working memory is not negatively affected by age but does
benefit from PA, preferably of vigorous or very vigorous intensity. Therefore, we can affirm that PA
has certain direct effects on social cognition, but it also has indirect effects, since it improves working
memory and this, in turn, also influences the best performance in RMETdiff.

These findings encourage us to continue investigating to determine which cognitive functions
are related to ToM and what variables can influence both its detriment and its improvement, and
from there, we can formulate effective recommendations that contribute to the maintenance and the
improvement of people’s cognitive health and social cognition.

In any case, what we already know about the benefits that PA has on the brain and its functions,
including social cognition, is more than enough to demonstrate the need to promote PA among the
population, considering that it depends on our physical, cognitive and social well-being.
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