
Frontiers in Human Neuroscience 01 frontiersin.org

The contribution of being 
physically active to successful 
aging
Laura Piccardi               1,2*, Anna Pecchinenda               1, 
Massimiliano Palmiero 3, Marco Giancola 4, Maddalena Boccia 1,5, 
Anna Maria Giannini 1 and Cecilia Guariglia 1,5

1 Department of Psychology, Sapienza University of Rome, Rome, Italy, 2 San Raffaele Cassino Hospital, 
Cassino, Italy, 3 Department of Communication Sciences, University of Teramo, Teramo, Italy, 
4 Department of Biotechnological and Applied Clinical Sciences, University of L’Aquila, L’Aquila, Italy, 
5 IRCCS Fondazione Santa Lucia, Rome, Italy

Growing old involves changes in physical, psychological, and cognitive functions. 
Promoting physical and mental health has become one of the priorities for an 
aging population. Studies have demonstrated the benefits of engaging in regular 
physical activity. Here, we  aimed to understand the relationships between 
physical activity and working memory complaints in attention, memory storage, 
and executive functions. We hypothesized that physical activity was negatively 
associated with complaints in working memory domains after controlling for 
socio-demographics and distress factors, such as anxiety, stress, and depression. 
Two hundred and twenty-three individuals aged between 65 and 100  years (74.84; 
SD  =  7.74; 133 males) without self-reported neurological and/or psychiatric 
disorders completed a questionnaire on socio-demographic, with questions on 
physical activity and the Italian version of the working memory questionnaire 
(WMQ) and the DASS-21 measuring anxiety, stress, and depression. Results from 
three linear regression models showed that low physical activity was associated 
with complaints in attention (R2  =  0.35) and executive functions (R2  =  0.37) but 
not in memory storage (R2  =  0.28). Notably, age, gender, and total emotional 
distress (DASS score) were significant in all regression models. Our results 
suggested regular physical activity, even just walking, is crucial for maintaining 
efficient cognitive function. Theoretical and practical implications for engaging in 
physical activity programs and social aggregation during exercise are considered. 
Limitations are also presented.
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Introduction

Individuals in industrialized countries live longer, and the number of people aged 80 or 
older is expected to triple by 2050, reaching 426 million (World Health Organization, 2020). 
This outlook makes promoting healthy aging a priority, considering the high healthcare costs 
for old people with pathological aging (Wimo et al., 2013; Persson et al., 2022).

Aging often brings health issues like hearing and vision loss, chronic pain, diabetes, 
depression, and cognitive decline. As people age, they often experience multiple health 
conditions simultaneously. These are called geriatric syndromes, complex health states that can 
arise with older age (see Inouye et al., 2007 for the definition of geriatric syndromes). Several 
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factors are essential for achieving successful aging. For example, the 
Rowe and Kahn (1997) focuses on factors contributing to healthy 
aging, including physical and mental health, cognitive functioning, 
and social engagement. These authors distinguished between usual 
and successful aging because of diet and physical exercise. Crowther 
et al. (2002) incorporated into this model positive spirituality that 
contributes to coping strategies and health promotion. In general, 
models promoting physical and mental health emphasize the 
importance of a richly stimulating and active life. It is a virtuous circle 
in which preserving the older person’s autonomy decreases the risk 
factors caused by chronic diseases (Nimrod and Ben-Shem, 2015; Liu 
et al., 2022).

A plethora of studies stressed that engaging in physical activity 
not only reduces hypertension, diabetes, obesity, insomnia, 
depression, and anxiety (Ekstrom et al., 2020; Singh et al., 2023) 
but also triggers cognitive functioning (e.g., Kramer et al., 1999; 
Colcombe and Kramer, 2003; Winter et al., 2007; Northey et al., 
2018; Troisi Lopez et al., 2023). Specifically, exercise significantly 
enhances memory, attentional processes, and executive-control 
functions (Lista and Sorrentino, 2010; Fernandes, 2017). Kramer 
et al. (1999) conducted a study highlighting the significance of 
physical activity in enhancing executive control and the related 
brain regions that support this function. Notably, physical exercise 
positively affects cognitive functioning throughout the life span 
(for a review, see Mandolesi et al., 2018; Northey et al., 2018; Serra 
et al., 2021). Indeed, numerous cross-sectional and epidemiological 
studies have consistently demonstrated the cognitive benefits of 
physical exercise in both young and older adults (for a review, see 
Mandolesi et al., 2018; Northey et al., 2018). Specifically, exercise 
significantly enhances memory, attentional processes, and 
executive-control functions (Lista and Sorrentino, 2010; Fernandes, 
2017). Additionally, a plethora of studies have further solidified the 
positive impact of engaging in physical activity on various 
cognitive domains (e.g., Colcombe and Kramer, 2003; Winter et al., 
2007; Northey et al., 2018; Troisi Lopez et al., 2023).

Despite the role of physical activity on cognition, age was 
found to positively affect cognition, particularly attention, memory, 
executive functions, visuospatial abilities, and environmental and 
mental representation(e.g., Lezak et al., 2012; Piccardi et al., 2015; 
Mandolesi et al., 2018; Boccia et al., 2019; Di Vita et al., 2020, 2022; 
D'Antuono et al., 2022). Importantly, cognitive deficits co-occur in 
aging with depression (Korczyn and Halperin, 2009; Curran and 
Loi, 2012; Boccia et al., 2015; Aajami et al., 2020). Specifically, late-
life depression (LLD) has been considered a risk factor for 
dementia (Korczyn and Halperin, 2009; Wu et al., 2020; Ly et al., 
2021). Kiloh (1961) coined the term “pseudodementia” to indicate 
elderly people with depression who were initially misdiagnosed 
with dementia. Furthermore, individuals suffering from LLD show 
poor performance in executive functions and episodic memory 
tasks (Herrmann et al., 2007; Strømnes et al., 2013; Rajtar-Zembaty 
et al., 2022). As these conditions all hurt cognitive functioning, it 
is essential to encourage elderly individuals to be physically active 
daily. Furthermore, physical inactivity represents a risk factor for 
Alzheimer’s Disease (AD), as exercise increases blood flow to the 
brain, which promotes neurogenesis and maintains the volume of 
the hippocampus (Cass, 2017), an essential structure for the 
consolidation of memories and learning. Sofi et al. (2011), in a 
meta-analysis including 33,816 individuals without dementia at 

baseline, found that greater physical activity levels represented a 
protective factor as they were related to a significant decrease in 
the onset of dementia. Moreover, in people already suffering from 
dementia, physical activity helps maintain high functional 
cognitive levels (Panza et al., 2018). Some researchers also reported 
that physical activity can prevent the transition from Mild 
Cognitive Impairment (MCI) to dementia (Nuzum et al., 2020). 
Physical activity provides beneficial effects in reducing depression, 
anxiety, and distress symptoms, and it is considered a mainstay 
approach to managing depression and anxiety (Singh et al., 2023).

Even a routine of daily movements is sufficient for cognitive 
improvement. Performing physical activity has positive effects also 
in terms of life satisfaction and acceptance of the aging process 
(Gellert et  al., 2019). Based on 23 longitudinal studies on the 
relationship between physical activity (i.e., any levels of exercise 
and activities) and healthy aging, Daskalopoulou et  al. (2017) 
found an increase of almost 40% in self-reported healthy aging 
compared to older people who do not perform physical activities. 
Moreno-Agostino et al. (2020) found that physically inactive older 
individuals quickly exhibit worse trajectories of age-related health 
no matter the degree of physical activity. Physical exercise is 
associated with a global improvement in cognition (Mandolesi 
et  al., 2018). In their recent narrative review, Szychowska and 
Drygas (2022) emphasize the crucial role of physical activity in 
maintaining physical and cognitive function and promoting mental 
well-being. They highlight the positive impact of physical activity 
on social engagement, which is linked to healthy aging.

In contrast, physical activity does not appear to improve 
specific cognitive sub-domains such as memory, executive 
functions, and attention (Song et al., 2018). More specifically, when 
assessing the effects of different modalities of physical exercise, 
Song et al. (2018) highlight the importance of aerobic exercise in 
improving cognitive health, as it improves cardiovascular 
functioning, which leads to an increase in cerebral blood flow and 
consequently leads to an increase of oxygen and glucose to the 
brain tissue, enhancing neurotransmitter availability and neural 
efficiency (Ainslie et  al., 2008; Chaudhary et  al., 2010). 
Furthermore, cardiovascular fitness is also related to reducing 
vascular risk factors associated with cognitive decline (Aspenes 
et al., 2011; Donley et al., 2014). Finally, general physical activity 
may also produce several positive effects from a social and 
psychological point of view, mainly when individuals perform such 
activity together. In this case, engaging in physical activities in the 
company of others may also help establish social connections and 
counteract loneliness. Indeed, Pecchinenda et al. (2023) found that 
older individuals who had several cultural and sports memberships 
and were more often engaging in physical activities (e.g., exercising, 
walking, dancing) reported less loneliness and emotional problems.

Based on these premises, we assessed the relationship between 
physical activity (including different forms of physical activity from 
daily walking and dancing to more intense activities such as trekking) 
and complaints in the attention, memory storage, and executive 
functions of working memory. Following the working memory 
multicomponent model (Baddeley and Hitch, 1974; Baddeley, 2000), 
working memory into three components: the central executive, the 
phonological loop, and the visuo-spatial sketchpad. The first 
component helps to focus attention on important information and 
coordinates cognitive processes when multitasking. It also oversees 
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the other two components. The phonological loop stores phonological 
information and prevents decaying by frequently refreshing 
information in a rehearsal loop—the visuospatial sketchpad stores 
visual and spatial information.

Additionally, a fourth component called the episodic buffer has 
been included (Baddeley, 2000). It holds representations that combine 
phonological, visual, and spatial information, forming a unified 
episodic representation. Sometimes people forget things quickly after 
seeing or hearing them, like a recent recall or what they were looking 
for when they enter a room. If someone cannot remember things, it 
could be an early sign of AD. As people get older, their memory may 
not be as good at remembering things for a short time or holding a lot 
of information (Baddeley et al., 1991; Logie et al., 2004).

There are only a few tools available to evaluate the effectiveness 
of working memory in everyday activities. One of these tools is the 
Working Memory Questionnaire (WMQ), created and validated 
by Vallat-Azouvi et al. (2012). The WMQ has also been translated 
and validated in Italian by Guariglia et al. (2020). The WMQ is a 
reliable tool that can distinguish between patients with brain injury 
and healthy individuals. It also has an ecological validity, meaning 
that an individual’s performance on the test reflects their real-
world abilities. Furthermore, Guariglia et al. (2020) showed a strong 
correlation between self-assessment and performance on a paper 
and pencil test.

Understanding the connection between physical activity and 
different parts of working memory is important for preventing 
atypical aging. Our main objective in this paper is to further 
investigate the association between physical activity and working 
memory. Specifically, to investigate the effects of general physical 
activity on a validated questionnaire of day-to-day functional 
working memory problems in three distinct domains (attention, 
storage, and executive functions). We have paid particular attention 
to visuospatial working memory due to its significance in spatial 
navigation and route learning, which are vital for independence in 
day-to-day activities. It also plays a crucial role in executive 
functions and daily decision-making, including decisions that 
could impact economic choices. Moreover, even though working 
memory declines as age increases, it plays a critical role in 
explaining the efficacy of cognitive training in older adults (e.g., 
Costello and Buss, 2018; Matysiak et al., 2019).

We developed the hypothesis that physical activity can 
be associated negatively with complaints in working memory domains 
such as attention, storage, and executive control, after controlling for 
socio-demographics, anxiety, stress, and depression.

Method

Participants

The eligible study sample comprised 223 individuals without 
neurological or psychiatric disorders (age range 65–100 years; mean 
age = 74.84, SD = 7.41; 133 males, 90 females). The sample was partially 
overlapped with that described by Pecchinenda et  al. (2023). 
Participants had an education level ranging from 0 to 22 years 
(mean = 7.4, SD = 3.73). They were members of Age Italia associations 
(i.e., a group of associations working in the field of social policies for 
well-being in old age), and they voluntarily took part in the study. 

Exclusion criteria were any neurological1 or major psychiatric illness, 
the use of psychotropic medications, previous traumatic brain injury, 
history of learning disabilities, and alcohol or drug abuse. The absence 
of these conditions was verified through the answers to a health-socio-
demographic questionnaire filled in at the beginning of the study. The 
study was approved by the Local Ethical Committee following the 
Declaration of Helsinki. Each participant provided informed consent 
before taking part in the study.

Instruments

We used a health-socio-demographic questionnaire developed by 
the AGE Italia Association for their members. Physical activity was 
evaluated by one item along a 3-point Likert scale ranging from 0 
(never) to 2 (often), in which participants could also indicate what 
kind of physical activity they carried out and how often they did it. 
Furthermore, participants completed the Italian version of the 
Working Memory Questionnaire (WMQ: Guariglia et  al., 2020), 
aimed to assess self-perceived working memory deficits in everyday 
life. The test consists of 30 questions that assess three domains of 
working memory: attention, memory storage, and executive functions. 
Each question is scored on a five-point Likert scale, ranging from 0 
(“no problem at all”) to 4 (“very severe problem in everyday life”). 
Three sub-scores (maximal score 40 for each subscale) and a total 
score (out of 120) are computed. Higher scores correspond to more 
complaints. The memory storage domain corresponds to the ability to 
maintain information in short-term memory for a short time but also 
the ability to perform mental calculations and written text 
comprehension. The attention domain assesses distractibility, mental 
slowness, mental fatigue, and dual-task processing. The third domain 
is related to executive aspects of working memory, such as decision-
making, planning, or shifting. Participants were also asked to complete 
the Italian version of the Depression Anxiety Stress Scale (DASS-21, 
Bottesi et al., 2015). It is composed of a 21-item questionnaire based 
on a four-point rating scale (i.e., ranging from 0 = “did not apply to me 
at all” to 3 = “applied to me very much, or most of the time), and it is 
aimed at assessing three constructs: anxiety, depression, and stress. 
The higher the score, the more severe the emotional distress was.

Procedure

All instruments were distributed through the AGE Italia 
associations (for the complete list, see Acknowledgments) in May–June 
2021. Participants first completed the health-socio-demographic 

1 We considered as ‘exclusion criteria’ those proposed by Crook et al. (1986)—

i.e., a history of head trauma, a history of brain fever, dementia (more 

specifically, individuals who had been diagnosed with mild cognitive 

impairment, Alzheimer’s disease (AD), or any other form of dementia by a 

healthcare provider), or any other state of altered consciousness, use of 

benzodiazepines in the previous 3 months, use of illicit drugs, any visual, auditory 

or motor impairments, any symptomatic cardiovascular conditions. Moreover, 

those who had an unstable medical condition (such as hospitalization within 

the last 6 weeks or frequent emergency room visits).
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questionnaire, and if they agreed to participate in this study, they were 
asked to complete the DASS and WMQ scales after providing informed 
consent. Each association collected the completed paper 
questionnaires, converted them to PDF files, and sent them to the 
researchers. Data collection was completed by the end of 
September 2021.

Data analysis

Analyses were performed using IBM SPSS Statistics software v.24 
(2016). First, z-scores were computed to check for potential univariate 
outliers. Data were checked also for normality, and then, a preliminary 
correlation analysis was performed. Finally, three regression analyses 
were conducted, considering physical activity as the independent 
variable and attention, storage, and executive functions as the 
outcomes. Three regression models were advanced, entering the 
outcomes one by one.

Results

A cut-off of ±4 z-scores was used as the reference values as the 
initial sample was larger than 100 participants (see Mertler and 
Vannatta, 2005; Giancola et al., 2023). No outlier was detected. The 
Kolmogorov–Smirnov Test was performed to check for normal 
distribution, showing that all variables were not normally distributed: 
ZAge = 0.138, p < 0.0001; ZPhysical activity = 0.00, p < 0.05, ZAttention = 0.105, 
p < 0.0001; ZMemory Storage = 0.080, p < 0.005; ZExecutive Functions = 0.080, 
p < 0.05; ZStress = 0.124, p < 0.0001; ZAnxiety = 0.163, p < 0.0001; 
ZDepression = 0.158, p < 0.0001; ZTotal DASS = 0.124, p < 0.0001. Then, the 
Spearman Rho correlational analysis (see Table 1) shows that physical 
activity correlates negatively with complaints in attention (r = −0.183; 
p < 0.01), memory storage (r = −0.179; p < 0.01), and executive 
functions (r = −0.278; p < 0.01). For the covariates, age correlates 
positively with complaints in attention (r = 0.308; p < 0.01), memory 
storage (r = 0.257; p < 0.01), and executive functions (r = 0.207; 
p < 0.01). Gender (females = 1, males = 0) correlates positively with 

complaints in attention (r = 0.207; p < 0.01), memory storage (r = 0.198; 
p < 0.01) and executive functions (r = 0.243; p < 0.01). Also, educational 
level correlates negatively with complaints in attention (r = −0.168; 
p < 0.01), memory storage (r = −0.194; p < 0.01), and executive 
functions (r = −0.187; p < 0.01). Finally, the total DASS correlates 
positively with complaints in attention (r = 0.486; p < 0.01), memory 
storage (r = 0.480; p < 0.01), and executive functions (r = 0.558; 
p < 0.01).

To test the hypothesis that physical activity is associated with 
complaints in working memory domains (i.e., attention, storage, and 
executive functions), three linear hierarchical regressions, one for each 
component of working memory, were tested. Socio-demographics 
(age, gender, and educational level) and emotional distress, as indexed 
by the total DASS score (stress, anxiety, and depression), were 
included as covariates (see Figure 1). Although data were not normally 
distributed, to test the causal relationship between physical activity 
and complaints in working memory, a linear regression model was 
applied as the violation of the normality assumption in linear 
regression analyses does not bias point estimates or tests in large 
sample sizes (see Schmidt and Finan, 2018). Then, to check for 
possible multicollinearity among independent variables (age, gender, 
education level, total DASS, and physical activity), the variance 
inflation factor (VIF) was checked: values ranged across variables 
from 1.035 to 1.217, considering the three regression models. Given 
the suggested cut-off value of 5 (see Sheather, 2009; Hair et al., 2010), 
no multicollinearity was found.

Regarding complaints in attention (see Figure 2), the first model 
was significant, and explained 13.2% of the variance (R2 = 0.132; R2 
adjusted = 0.120, p < 0.0001). After introducing the total DASS score, 
the second model was significant and explained 33.2% of the variance 
(R2 = 0.332; R2 adjusted = 0.320, p < 0.0001), which is an additional 20% 
of the variance (R2 change = 0.320; p < 0.0001). After introducing the 
physical activity score, the third model was significant, and explained 
34.7% of the variance (R2 = 0.347; R2 adjusted = 0.332, p < 0.0001), 
which is an additional 1.5% of the variance (R2 change = 0.332; p < 0.5). 
Physical activity was significant (β = −0.125, p < 0.05). Finally, age 
(β = 0.258, p < 0.0001), gender (β = 0.112, p < 0.05) and total DASS 
(β = 0.452, p < 0.001) were also significant.

TABLE 1 Means, standard deviations, and correlations among study variables.

Mean (SD) 1. Age 2. Gen 3. Edu. 4. P. Act. 5. Att. 6. Mem. Sto. 7. Exe. 8. Str. 9. Anx. 10. Dep. 11. T. DASS

1. 74.84 (7.4) 1

2. – 0.077 1

3. 7.4 (3.73) −0.405** −0.175** 1

4. 0.80 (0.78) −0.075 −0.106 0.198** 1

5. 11.4 (6.25) 0.308** 0.207** −0.168* −0.183** 1

6. 10.7 (6.85) 0.257** 0.198** −0.194** −0.179** 0.859** 1

7. 11.39 (6.03) 0.207** 0.243** −0.187** −0.278** 0.717** 0.743** 1

8. 4.80 (3.08) 0.037 0.027 −0.106 −0.003 0.401** 0.376** 0.416** 1

9. 3.08 (2.87) 0.164* 0.137* −0.153* −0.168* 0.432** 0.451** 0.573** 0.609** 1

10. 2.86 (2.85) 0.107 0.078 −0.101 −0.020 0.446** 0.445** 0.442** 0.676** 0.542** 1

11. 10.74 (7.67) 0.109 0.106 −0.142* −0.092 0.486** 0.480** 0.558** 0.881** 0.542** 0.843** 1

** p < 0.01 (two-tailed); * p < 0.05 (two-tailed); Gen, Gender; Edu, Educational Level; P. Att, Physical Activity; Att, Attention; Mem, Memory; Sto, Storage; Exe, Executive Functions; Str, Stress; 
Anx, Anxiety; Dep, Depression; DASS, Total Depression Anxiety Stress Scale.
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Regarding complaints in storage (see Figure 3), the first model 
was significant and explained 10.9% of the variance (R2 = 0.109; R2 
adjusted = 0.097, p < 0.0001). After adding the total DASS score, the 
second model was significant and explained 27.3% of the variance 
(R2 = 0.273; R2 adjusted = 0.26, p < 0.0001), which is an additional 
16.4% of the variance (R2 change = 0.26; p < 0.0001). After adding 
the physical activity score, the third model was significant and 
explained 28.1% of the variance (R2 = 0.281; R2 adjusted = 0.264, 
p < 0.0001), which is an additional 1.2% of the variance (R2 
change = 0.264; p <  0.05). Physical activity was not significant 
(β = −0.091, p < 0.05). Finally, age (β = 0.172, t = 2.782, p < 0.001), 
gender (β = 0.122, p < 0.05) and total DASS (β = 0.409, p < 0.0001) 
were significant.

Regarding complaints in executive function (see Figure 4), the 
first model was significant, and explained 11.5% of the variance 
(R2 = 0.115; R2 adjusted = 0.102, p < 0.0001). After adding the total 
DASS score, the second model was significant and explained 33.8% of 
the variance (R2 = 0.338; R2 adjusted = 0.325, p < 0.0001), which is an 
additional 22.3% of the variance (R2 change = 1.218, p < 0.0001). After 
adding the physical activity score, the third model was significant and 
explained 37.4% of the variance (R2 = 0.374; R2 adjusted = 0.360, 
p < 0.0001), which is an additional 3.6% of the variance (R2 
change = 0.36; p < 0.0001). Physical activity was significant (β = −0.196, 
p < 0.0001). Finally, age (β = 0.141, p < 0.05), gender (β = 0.158, 

t = 2.880, p < 0.01) and total DASS (β = 0.475, p < 0.0001) were 
also significant.

Discussion

Our goal was to conduct an investigation into the associations 
between physical activity and working memory complaints in 
attention, memory storage, and executive functions in a sample of 
older people. We hypothesized that older individuals who engage in 
higher levels of physical activity would experience fewer complaints 
related to working memory, regardless of their socio-demographic 
background, as well as the presence of anxiety, stress, and depression.

Our findings confirmed that physical activity was associated with 
fewer complaints in attention (R2 = 0.35) and executive functions 
(R2 = 0.37) but not in memory storage (R2 = 0.28). Based on the effect 
sizes (R2) our results support the idea that physical activity represents 
a critical factor in explaining some working memory complaints. 
Notably, despite the minimal difference, the higher R2 for executive 
functions could be  explained by considering the physical activity 
levels. Indeed, whereas attention mainly benefits from acute physical 
activity, executive functions, involving decision-making, planning, 
and shifting, are more susceptible to improvement through 
longitudinal exercise (De Greeff et al., 2018), as probably occurred in 
the present sample. However, such an interpretation should 
be confirmed by further studies. These results confirmed previous 
research, and highlight that engaging in regular physical activity yields 
a favorable effect on attention and executive functions of working 
memory, particularly in the anterior regions of the brain. In this vein, 
a Hewston et al. (2021) conducted a systematic review and meta-
analysis to examine the impact of dance on the cognitive abilities of 
older adults across seven domains (global cognitive function, 
executive function, learning and memory, complex attention, 
language, social cognition, and perceptual-motor function). The study 
suggested that dance is likely to enhance global cognitive function, but 
it does not seem to affect complex attention. It may have little to no 
effect on executive function, although there could be an improvement 
in older adults with mild cognitive function. In this study, it is unclear 
which activity specifically resulted in the reported improvements in 
attention and executive functions of working memory. With respect 
to dance, it involves actively keeping track of steps and focusing on 
one’s partner or instructor. At the same time, walking is a more passive 
activity that can benefit the cardiovascular system and consecutively 

FIGURE 1

The theoretical model advanced in the current study.

FIGURE 2

Relationship between physical activity and attention of the working 
memory.
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benefits effects on brain activity. It is worth noting that our findings 
indicate that consistent exercise impacts executive control processes 
that are linked to the prefrontal and frontal brain regions. These areas 
of the brain experience significant and disproportionate changes as 
age increases (see Kramer et al., 1999). While we cannot categorize the 
physical activity of our participants, we  can confirm that they all 
engaged in aerobic exercises. Research by Kramer et al. in 1999 has 
shown that these activities are more effective than anaerobic exercises 
such as stretching and muscle toning.

In general, the present findings suggest that being active is 
essential regardless of the type of motor or intensity of activity. 
However, some forms of motor activity benefit cognitive functions 
more than others because they involve recreational and social 
conditions. For example, older people who report dancing tend to feel 
less lonely and less depressed (Pecchinenda et al., 2023). On the other 
hand, a growing body of literature shows that physical activity 
represents a vital lifestyle factor for healthy aging (e.g., Dias et al., 
2017; Amer and Rasheedy, 2018; Moreno-Agostino et  al., 2020). 
Physical activity produces beneficial effects by reducing coronary 
heart disease and hypertension and improving glycemic control. It 

also enhances balance, which helps prevent falls and fractures that 
lead to the elderly being bedridden for long periods and a consequent 
decline in all cognitive processes, reducing autonomy and the 
beneficial effects of everyday life lost due to forced immobility. Some 
other studies demonstrate a crucial role in protecting against cognitive 
decline and neurological disorders (e.g., Abbott et al., 2004; Weuve 
et  al., 2004; McDermott et  al., 2006; Amer and Rasheedy, 2018; 
Iso-Markku et al., 2022; Kantawala et al., 2023).

According to Kaeberlein (2018), physical activity extends the life 
span (the time an individual lives) and the health span (the healthy 
time an individual lives). Interestingly, muscle strengthening and 
aerobic activity reduce the risk of developing Alzheimer’s Disease 
(AD) and improve performance on cognitive tests (Boyle et al., 2009; 
Buchman et al., 2012; Ekstrom et al., 2020). However, several studies 
also show that walking is enough to promote cognitive and 
psychological health and that walking has several advantages, 
including that it is easily accessible. Indeed, in our sample, walking 
was one of the most reported physical activities as it may involve an 
aerobic activity that is low-cost and accessible; it can be performed 
alone or in groups, outdoors or indoors (Reitlo et al., 2018). Probably, 
this is also due to the great popularity of pedometers, step counters, 
and fitness watches that provide information on the wearer’s health, 
including counting kilometers traveled and steps taken, which for 
many represent a positive reinforcement for the physical activity 
performed. In our sample, women reported being more active than 
men and self-reported better cognitive health. Physical activity also 
helped in reducing perceived distress. Our data support the 
importance of staying physically active and how this behavior has 
positive effects on perceived attention and executive functions as well 
as on mental health. In general, practicing physical activity reduces 
anxiety and depression levels and improves cognitive health.

The present study took place during the COVID-19 pandemic, 
which led to a reduction in certain lifestyle habits. Undoubtedly, older 
individuals who practiced physical activity by attending gym classes 
had to stop, as did those who danced; all physical activities that 
required amateur performance were also stopped. Most likely, the 
adverse effects of these interruptions are less visible in the immediate 
but will be visible in the near future. However, the pandemic has also 
seen the flourish of alternatives, such as exercise classes being 
delivered via the Internet, even in our homes with customized 
programs. This digital revolution may have the advantage of making 
physical activity part of daily routines, albeit it carries the risk of 
reducing the opportunities for meeting and socializing that going to 
the gym may provide. Home-fitness activity has also been adopted by 
many people to counter negative feelings such as fear and sadness 
resulting from isolation and news concerning the virus. According to 
Capriotti et al. (2022), engaging in physical activity at home can be a 
great way for older adults to prevent age-related issues. This exercise 
has numerous benefits, including reducing the risk of falls, preventing 
loss of independence and frailty, and improving physical abilities such 
as balance, strength, mobility, flexibility, and aerobic capacity. It can 
also positively affect cognitive functions while boosting overall mood 
and well-being. Although the data we collected covered a critical time 
with respect to COVID-19, we cannot quantify the effects of lifestyle 
adjustments or particular physical activities. Our findings just suggest 
that those who participate in physical activity generally encounter 
fewer difficulties with attention and executive functions, regardless of 
the pandemic conditions.

FIGURE 3

Relationship between physical activity and storage of working 
memory.

FIGURE 4

Relationship between physical activity and executive function of 
working memory.
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To conclude with Juvenal’s words, the present findings indicate 
that ‘Mens sana in corpore sano’ (a sound mind in a sound body), 
suggesting the importance of any physical activity on perceived 
cognitive and emotional health, particularly in maintaining good 
perceived attention and executive functions of working memory.

Limitations and conclusions

We would like to acknowledge some limitations of the present 
study. First, even though we  collected data concerning cognitive 
functioning by a reliable instrument such as the WMQ, the self-
reporting of cognitive performance could be affected by psychological 
mental health, such as late-life depression or anxiety. Therefore, future 
studies should use both subjective and objective assessments of the 
cognitive and emotional profile of older individuals as well as subjective 
and objective measures of physical activity (e.g., type, frequency, 
duration, psychophysical parameters, and so forth). Although the study 
has value, it is important to acknowledge its limitations. Second, 
we evaluate cognitive functioning only by considering complaints in 
working memory. To get a more granular evaluation of cognition in 
older people, further studies should consider the key role of physical 
activity in other cognitive functions, such as flexibility and inhibition, 
planning, reasoning, and problem-solving abilities, requiring finding 
multiple, appropriate, and novel solutions (Giancola et al., 2022a,b). In 
this direction, divergent thinking is slightly preserved in aging (for 
example, Palmiero, 2015; Palmiero et al., 2017), and, therefore, it could 
be interesting to explore whether it can be coupled with physical activity 
and influence cognitive and emotional well-being.

Finally, the impact of the COVID-19 pandemic on participants’ 
cognitive functioning could not be fully explored. We did not inquire 
about changes in participants’ habits before and after COVID-19. 
However, we  can speculate that the pandemic may have influenced 
decisions to engage in light physical activity outdoors rather than indoors 
and to reduce contact with others as recommended for vulnerable 
populations. While this recommendation promoted safe behavior, it could 
also lead to loneliness, which has negative effects on overall health.
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