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Cognitive Reserve, Physical Reserve, and Cognitive Efficiency of Older People 

Living in the Sardinian Blue Zone. An Exploratory Study. 

Abstract 

This study mainly intended to disentangle the role played by physical reserve as a 

mediator of the relationship between cognitive reserve and global cognitive functioning 

in older people aging well. A sample of 120 67-101-year-old community-dwellers was 

recruited in the Sardinian Blue Zone (BZ), an area characterized by the extreme longevity 

of its inhabitants. Each respondent completed a battery of tests examining cognitive 

functioning, perceived physical health, cognitive reserve, and physical reserve 

(objectively assessed through accelerometric-derived measures). Significant associations 

were found among measures of cognitive reserve, physical reserve, perceived physical 

health, and cognition. Besides, two mediational analyses pointed out that physical reserve 

and distinct indexes of cognitive reserve explained 18% and 32% of the variance 

associated with global cognitive functioning. In conclusion, the combination of high 

cognitive reserve and more preserved motor functioning seems to contribute to the 

maintenance of healthy cognition in older people aging well.  

What this paper adds 
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• One original aspect of this study is that physical health was concurrently 

assessed through self-reported and objective instrumental measures of physical activity in 

older individuals living in an area of exceptional longevity, the Sardinian BZ. 

• A further element of novelty is that this study examined the mediational 

role of motor functioning in the relationship between global cognitive efficiency and 

cognitive reserve of older people aging well.  

• Number of daily steps mediate the relationship between cognitive reserve 

and the global cognitive functioning of older people of the Sardinian BZ.  

Applications of study findings 

• The evaluation of motor functions through the administration of objective 

measures should be adopted in the clinical protocols. 

• The concurrent assessment of cognitive efficiency, and cognitive and 

motor reserves of older patients should be encouraged in clinical settings. 

• The implementation of interventions aimed at boosting life quality in late 

adulthood should include both physical exercise and cognitively stimulating leisure 

activities to promote successful aging.  

 

Keywords: aging; executive functions; cognitive reserve; motor functioning; 

physical activity 
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Introduction 

Cognitive reserve (CR) refers to a set of mental resources and strategies accumulated 

throughout one’s life that allow individuals to be resilient and cope with the consequences of 

age-related brain insults and deteriorations occurring during the last decades of life (Stern et 

al., 2020). CR is a latent variable that is assessed through indirect socio-behavioral proxy 

indices (Stern et al., 2020) of its facets (e.g., years of formal schooling, participation in 

cognitively stimulating leisure activities, vocabulary, occupational attainment).  

There is evidence that CR favors the promotion of successful aging since it prevents 

or at least delays the occurrence of cognitive decline. In this regard, a recent longitudinal 

study showed that individuals who devoted their time to cognitively stimulating leisure 

activities (e.g., reading, traveling, learning a second language) in the late-life stage (i.e., over 

65 years of age) and who were regularly engaged with the others in young adulthood (i.e., 13-

29 years of age), were less exposed to cognitive decline at the 6-year follow-up (Litkouhi et 

al., 2023). Besides, it has also been documented that educational attainment (Godinho et al., 

2022) and job occupation play (Kim et al., 2021) a crucial role as protective factors against 

cognitive decline in healthy aging and serve as compensatory resources in individuals 

exhibiting Mild Cognitive Impairment (for a review, see Corbo et al., 2023). Extending this, 

Calatayud et al. (2022) found that older individuals who performed intellectually demanding 

jobs, later exhibited better cognitive functioning but poorer functional development of basic 

and instrumental activities of daily life.  

Moreover, physical activity (PA) — that has been defined by the World Health Organization 

“as any bodily movement produced by skeletal muscles that requires energy expenditure” to 

perform mobility, leisure activities, or work (WHO, 2022) — is a protective factor indicative 

of physical reserve (Sanchez Cabaco et al., 2023) for cognitively healthy aging. In this 
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regard, the large body of literature which explored the effects of PA on cognition in older 

adults through behavioral and neuroimaging measures has demonstrated its beneficial effects 

in terms of enhancement and/or maintenance of cognitive functioning into advancing age 

(Etnier et al., 2019). In particular, it has been documented that older individuals who were 

regularly engaged in vigorous PA reported less cognitive decline over 2-to-10-year follow-up 

periods (Bherer et al., 2013) and exhibited more preserved brain structures. Moreover, even 

when specifically aimed at improving the cardiorespiratory fitness of older adults without 

known cognitive impairment, PA produces its largest effects on motor function and auditory 

attention, but even cognitive speed and visual attention can be favourably influenced by it 

(Angevaren et al., 2008). 

Extending the above-mentioned outcomes, Sanchez Cabaco et al. (2023) recently 

revealed that both self-assessed physical reserve and CR mediate the effect of age and 

educational attainment on memory efficiency and global cognition of 55-99-year-old 

individuals. In addition, Martinčević and Vranić (2023) found that a proxy of CR, namely 

time spent for leisure activities, contributed to predicting self-reported physical activity in 

late adulthood.  

A further trend of research has examined the impact of some proxies of CR and 

physical reserve on the successful aging of older people living in some isolated areas 

characterized by the exceptional longevity of the inhabitants. These areas are called BZ and 

are located in Ikaria (Greece), Okinawa (Japan), the central-eastern region of Sardinia (Italy), 

and the Nicoya Peninsula (Costa Rica) (Poulain et al., 2013). It has been found that older 

people of Ikaria, Okinawa, and those living in the Sardinian BZ who were physically more 

active, also exhibited better physical health and cognitive functioning, and greater 

psychological well-being than more sedentary peers (e.g., Anonymised for Review #1; 
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Kreuzi et al., 2022; Legrand et al., 2019). However, to date, previous studies conducted in the 

BZs present at least four methodologic limits. First, CR was not evaluated using validated 

tools; that is, that construct was assessed using single socio-behavioral proxy measures, such 

as years of formal education and time spent in socio-cultural leisure activities at the time of 

the interview (e.g., Legrand et al., 2019; Anonymised for Review #2). Second, in the studies 

conducted in the BZs, the physical reserve was usually assessed by applying qualitative 

methods (Spencer-Hwang et al., 2018) or through self-reported dichotomous measures 

correlated to daily activities implicating moderate-to-intense physical activity (e.g., “do you 

perform any sport?”, “do you spend time gardening?”, Anonymised for Review #3), or asking 

participants to self-evaluate their physical health and their lifestyle (e.g., Anonymised for 

Review #1; Legrand et al., 2021; Panagiotakos et al., 2011; Anonymised for Review #2), or 

inferring the conduction of moderate-to-intense physical activities through some structured 

interview (e.g., Willcox et al., 2007). Indeed, to our knowledge, there are very few studies in 

which physical reserve was objectively assessed through instrumental measures in older 

people of the Sardinian BZ (Anonymised for Review #4) and those living in the Nicoya 

Peninsula (Madrigal-Leer et al., 2020). Third, apart from the evaluation of educational 

attainment, no studies have examined the CR of successful older people of the BZs over a 

lifetime. Fourth, research examining the interplay among CR, physical reserve, and cognition 

of older individuals living in areas of exceptional longevity is lacking. Therefore, the 

originality of the current study consists in the fact that it intended to overcome this gap, 

disentangling the relationship among CR, physical reserve, and global cognitive functioning 

of older individuals of the Sardinian BZ by the administration of a CR-validated tool used 

internationally, namely the Cognitive Reserve Index questionnaire by Nucci et al. (2012; see 

the Materials section), and collecting a set of objective measures of physical activity, and 

cognitive health. Specifically, first, this study intended to explore the nature of the 
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relationships among different indexes of CR, perceived physical health, physical reserve, and 

cognitive efficiency in older people aging well. Furthermore, this study was mainly aimed at 

examining the role of the physical reserve as a mediator in the relationship between CR and 

the global cognitive functioning of older individuals living in the Sardinian BZ.  

Keeping in mind the exploratory nature of this study, following previous studies 

significant associations were hypothesized between global cognitive functioning and CR 

(e.g., Kim et al., 2021; Litkouhi et al., 2023), between CR as a measure of past work 

occupation and executive functions (Calatayud et al., 2022), and between the former and 

physical reserve (e.g., Bherer et al., 2013; Calatayud et al., 2022). Moreover, CR assessed in 

terms of time spent on leisure activities was expected to predict physical reserve (Martinčević 

and Vranić, 2023), and both CR and physical reserve were expected to predict the cognition 

of older participants (Sanchez Cabaco et al., 2023). Finally, due to the lack of previous 

evidence, no a priori hypotheses were proposed concerning the indirect effect of CR and 

objectively assessed physical reserve on the global cognitive functioning measure of 

successful older individuals of the Sardinian BZ.  

Method 

Participants 

One hundred and twenty 67-101-year-old community-dwellers were enrolled in 

several villages of the Sardinian BZ (Italy). To take part in the study, participants had not 

to show severe signs of cognitive decline (i.e., they had to report a score above 19/30 in 

the Mini-Mental State Examination, MMSE; Folstein et al., 1975), had not to exhibit any 

neurologic or musculoskeletal disorder, and had to be born and be permanent residents of 

the Sardinian BZ.  

Materials  
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Each participant completed the following tests: 

The MMSE (Folstein et al., 1975) was proposed as a measure of global cognitive 

functioning (maximum total score = 30). A score< 20 was used to identify individuals 

with suspected cognitive decline, whereas cognitively healthy participants exhibited a 

score > 23.  

The socio-demographic interview by Anonymised for Review #1 was proposed to 

collect some lifestyle and demographic information from the respondents. 

Part A of the Trail Making Test (TMT-A, Reitan and Wolfson, 1985) was 

designed to assess the speed of processing, visual scanning, and number sequencing 

skills. Indeed, this task requires connecting 25 encircled numbers scattered on a white 

sheet, as fast as possible. The time to perform this task was used as the dependent 

variable. Moreover, the Part B of the Trail Making Test was administered as a measure of 

shifting and cognitive flexibility. Indeed, to perform this task the participants had to draw 

a line connecting a set of numbers and letters randomly arranged on a sheet. Specifically, 

respondents were asked to switch between numbers and letters in consecutive order, and 

as fast as possible. The final score was computed by subtracting the time spent 

performing the task Part A from the time necessary to complete Part B (i.e., TMT-B-A).  

The 20-item Cognitive Reserve Index questionnaire (CRIq, Nucci et al. 2012) was 

designed to assess three facets of the cognitive reserve throughout one’s whole life: 

educational attainment (i.e., CRIq-Edu), work occupation (i.e., CRIq-Job), and time spent 

on leisure activities (i.e., CRIq-Hobby). This tool also provides a total measure of 

cognitive reserve (i.e., CRIq-tot). Following the procedure suggested by the authors, the 

raw scores were standardized using a scale with M = 100, and SD = 15, where a score < 

70 indicates a very low cognitive reserve, whereas a score > 130 reflects excellent 

cognitive reserve.  



8 
Cognitive and physical reserve, and cognitive efficiency  

8 
 

Finally, objectively assessed performed PA was employed as a proxy of the 

physical reserve. To this aim, PA amount and intensity were calculated based on 

longitudinal data collected using a clinically validated three-axial accelerometer 

(Actigraph GT3X, Actigraph Co., Pensacola, FL, USA) previously employed in studies 

involving older adults (Gorman et al., 2014; Migueles et al., 2017; Bammann et al., 2021; 

Nguelu et al., 2022).  

Procedure 

Each respondent provided written informed consent before the presentation of the 

MMSE, CRI-q, and socio-demographic interview. Then, participants were required to wear the 

accelerometer on their non-dominant wrist for 7 consecutive days 24h/day and were instructed 

to remove the device only when performing water-based activities. At the end of the 

observation period, the examiner individually administered the Trail Making test and collected 

the devices. The raw accelerometric data (collected in 60-s epochs at 30 Hz frequency) were 

downloaded on a PC and processed by means of the dedicated ActiLife software (v6.13.3 

Actigraph Co., Pensacola, FL, USA) to extract the following variables: 

• wear time (i.e., the number of hours which refer to valid accelerometric data) 

• step counts (on a daily and weekly basis) 

• Accelerometric counts per minute (CPM), calculated on the basis of the Vector 

Magnitude (VM, square root of the sum of the squared counts in x, y, and z axis) 

• PA intensity, calculated as the percentage of time spent in each of the following 

three categories defined according to the associated value of metabolic 

equivalent (MET): sedentary behavior (SB, 0–1.5 MET), light intensity PA 

(LPA, 1.5–3 MET) and moderate-to-vigorous PA (MVPA, > 3 MET). Such 

discrimination was carried out based on the cut points for accelerometric CPM 
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proposed by Migueles et al. (2021). In the analysis, we considered and included 

only acquisition days characterized by a wear time of at least 16 h. 

Statistics 

The data were analyzed using IBM SPSS Statistics version 24 (SPSS Inc., 

Chicago, IL, USA) and version 2.3 of the Jamovi open-source package (The Jamovi 

Project, 2022). Statistical significance was set to p-values  < .05. Descriptive statistics 

were performed to illustrate the characteristics of the sample. Pearson product-moment 

correlations were calculated to examine the nature of the relationship among cognitive 

reserve, perceived physical health, physical reserve, and cognitive measures. Based on 

the findings of the correlational analyses, two mediational analyses were conducted to 

explore whether the measure of steps count (i.e., that was used as an indicator 

representative of physical reserve) mediates the relationship between the global cognitive 

functioning measure and cognitive reserve (i.e., total cognitive reserve and time spent for 

leisure activities, respectively). Thus, in each mediation analysis, the MMSE score was 

used as the dependent variable, the number of daily steps was the mediator, whereas the 

CRIq-tot and CRIq-Hobby measures were respectively used as the independent variable. 

In each condition, the indirect effect was tested using a bootstrap estimation approach 

with 5000 samples (Hayes, 2007). The significance of the direct and indirect effects was 

tested. It was assumed that there was a significant effect of the daily steps over the 

cognitive reserve measure when the indirect effect was statistically significant (p < .05). 

A priori power analysis using the G-power program (Faul et al., 2007) revealed 

that to perform two-tailed correlational analyses, a convenient sample of 112 participants 

was necessary, when r = .3, power = .9, with alpha at .05. Finally, following Sim et al. 

(2022), to conduct simple mediation analyses maintaining power close to .8 or greater 
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with an alpha level of 0.5, it was calculated that the minimum required sample size was 

90 participants. 

Results 

First, the descriptive statistics were carried out. Table 1 summarizes the 

characteristics of the sample.  

 

[Please insert Table 1 about here] 

 

 

Then, Pearson’s correlations among cognitive reserve, motor functioning, cognition, 

and perceived physical health measures were computed. These outcomes are illustrated in 

Table 2.  

 

[Please insert Table 2 about here] 

 

 

Based on the findings emerging from the correlational analyses, two mediation 

analyses were carried out to explore whether the measure of daily steps significantly 

mediates between the total cognitive reserve score (i.e., CRIq-tot) and the index of global 

cognitive functioning (i.e., MMSE). It was found that the CRIq-tot score was a significant 

predictor of the daily Steps [b = 55.953, SE = 21.319, p = .009, (path a in Figure 1)], and 

the daily steps index significantly predicted the MMSE score [b = 1.60e-4, SE = 4.65e-5, 

p < .001, (path b in Figure 1)]. These outcomes show that the mediation hypothesis for 

the global cognitive functioning outcomes is supported. After controlling for the daily 

steps value (path c’ in Figure 1), CRIq-tot remained a significant predictor of the global 
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cognitive functioning index (b = .009, SE = .004, p = .048). Besides, the indirect 

coefficient was significant (b = .009, SE = .004, p = .048; 95% CI = .001, .065). Overall, 

the standardized effect size indicated that 18% of the variance in the MMSE condition 

was explained by the daily steps and CRIq-tot indexes. Figure 1 illustrates these results.  

 

[Please insert Figure 1 about here] 

 

Finally, a further mediational analysis documented that the CRIq-Hobby measure 

was a significant predictor of the daily steps [b = 61.664, SE = 19.930, p = .002, (path a 

in Figure 2)], as well as the daily Steps index significantly predicted the MMSE score [b 

= 1.68e-4, SE = 4.95e-5, p < .001, (path b in Figure 2)]. Therefore, the mediation 

hypothesis for the MMSE score is supported. After controlling for the daily steps (path c’ 

in Figure 2), CRIq-Hobby remained a significant predictor of the MMSE score (b = 

.0218, SE = .011, p = .047). Besides, the indirect coefficient was significant (b =.010, SE 

= .004, p = .021; 95% CI = .002, .020). Overall, the standardized effect size indicated that 

approximately 32.2% of the variance in the MMSE condition was explained by the daily 

steps and CRIq-Hobby scores. Figure 2 summarizes these findings.  

 

[Please insert Figure 2 about here] 

 

Discussion  

The main goal of this investigation was to clarify the role played by physical 

reserve as a mediator of the relationship between CR and global cognitive functioning in 

a sample of older people living in an area of exceptional longevity, the Sardinian BZ. To 

the best of our knowledge, no studies examined the interplay among the above-mentioned 
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constructs in late adulthood, especially in those individuals living in areas of exceptional 

longevity. A further element of novelty of this investigation consists in the fact that CR 

was assessed along one’s whole life via a tool that has been used in Italy and elsewhere 

(e.g., Martinčević and Vranić, 2023), namely the CRI-q by Nucci et al. (2012). In our 

opinion, the administration of a validated instrument that is also used internationally is 

beneficial, since it favors the replicability of the study and the comparison of the results. 

A further novelty aspect concerns the fact that in the current investigation physical 

reserve was concurrently assessed based on both self-reported and objective instrumental 

measures of PA. This is very important, since thus far, data about PA of older people 

living in the BZs were mainly assessed through diaries and recall questionnaires (e.g., 

Anonymised for Review #1; Panagiotakos et al., 2011; Anonymised for Review #2; 

Spencer-Hwang et al., 2018) which represent the most widespread techniques owing to 

their low cost, easiness of use and versatility but that suffer from poor reliability and 

validity, participant recall bias and interpretation of questions (Silfee et al., 2018), and 

usually overestimate amount and intensity of movement performed (Boon et al., 2010). 

Thus, the integration of the two approaches (i.e., self-reported and objective measures) 

seems to be important to accurately capture detailed information about PA features. 

Consistent with previous evidence (e.g., Kim et al., 2021; Litkouhi et al., 2023), 

moderate associations have been found between global cognitive functioning (i.e., 

MMSE score) and global CR and educational attainment. Similarly, the correlational 

analyses highlighted that those who exhibited better CR (i.e., educational attainment, 

work occupation, and total CR index) also showed a better speed of processing assessed 

through the TMT-A. Besides, following previous studies (e.g., Calatayud et al., 2022), 

formal schooling and work occupation were significantly associated with cognitive 

flexibility and shifting skills (i.e., assessed through TMT-B-A), suggesting that those who 
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were more educated and performed more cognitively demanding jobs empowered their 

executive functions during their lifespan. Moreover, following Anonymised for Review 

#2, a small and positive significant relationship has been found between perceived 

physical health and the CRIq-Hobby measure, suggesting that those who were more 

engaged with cognitively and physically demanding leisure activities also felt physically 

better. Extending this and in line with previous evidence (Bherer et al., 2013), we also 

found that physical reserve (objectively assessed in terms of daily steps) was associated 

with perceived physical health, CRIq-tot, and CRIq-Hobby. Overall, these outcomes 

suggest that a more active lifestyle along one’s life and engagement in cognitively 

demanding leisure socially-oriented activities are also associated with a better level of 

physical health in late adulthood.  

Moreover, keeping in mind the exploratory nature of this study and the need for 

further evidence, this study suggests that physical reserve mediates the relationship 

between CR and global cognitive functioning. Indeed, it has been shown that the number 

of daily steps and the CR total measure explained approximately 18% of the variance in 

the MMSE condition, as well as 32% of the variance in the MMSE condition was 

explained by time spent on leisure activities and daily steps. Altogether, these findings 

extend those of previous studies that highlighted the predictive role of CR on physical 

reserve (Martinčević and Vranić, 2023) and of CR and physical reserve on healthy 

cognition in late adulthood (Sanchez Cabaco et al., 2023). Specifically, the significant 

indirect effect of CR ─ especially the CRIq-Hobby measure ─ and daily steps on the 

MMSE score suggests that the cognitive reserve and physical one contribute in 

preserving the global cognitive functioning of older individuals who age well. Therefore, 

as suggested elsewhere (e.g., Legrand et al., 2019; Martinčević and Vranić, 2023; 

Anonymised for Review #2), the current outcomes seem to support the idea that the 
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maintenance of an active lifestyle in which older people are engaged with moderate but 

regular physical activity and with cognitively stimulating leisure activities is essential for 

the promotion of successful aging. Indeed, as suggested by Stern et al. (2020), life 

experiences and lifestyle which enhance CR and physical reserve and therefore increase 

cognitive flexibility are crucial for coping with age-related cognitive and functional 

changes. Therefore, in line with the SOC model by Baltes and Baltes (1990), the 

accumulation of CR and physical reserve built through one’s life serves to compensate 

for the mental and motor losses characterizing late adulthood. In fact, older individuals 

select the cognitively or physically demanding activities that they can still perform, and 

optimize their performance through the use of cognitive strategies (e.g., mnemotechnics) 

or external aids which are necessary to perform those tasks and maintain independence in 

their daily life.  

Assuming an applied viewpoint, as suggested by Calatayud et al. (2022), these 

results encourage the promotion of specific multidomain trainings aimed at boosting both 

physical reserve and cognitive health in later lifespan through regular and moderate 

physical exercises (e.g., walking, aerobic exercises, gardening), cognitively demanding 

individual activities (e.g., reading a book, playing a musical instrument), and leisure 

activities empowering both the cognitive and social functioning (e.g., hobbies implying 

novel information processing such as learning a second language or to use a computer, 

playing bridge). This kind of intervention would be particularly useful for physically 

inactive older individuals who are more at risk of developing cognitive decline (Li et al., 

2023) and for those who performed high physically demanding jobs but with low 

cognitive demands, because they are more at risk to exhibit poorer cognition (e.g., less 

efficient executive functions) and lower performance in activities of daily living 

(Calatayud et al., 2022). In this context, our study confirms the pivotal role played by 
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regular ambulation, which was previously found very beneficial in terms of successful 

aging. In fact, previous studies demonstrated that higher steps volume (objectively 

assessed using three-axial accelerometers) is significantly associated with lower 

hospitalization, and all-cause mortality risk in community-dwelling older adults (Manas 

et al., 2022), better cognitive functions (Calamia et al., 2018), and lower risk of all-cause 

dementia (del Pozo Cruz et al., 2022). Indeed, as suggested elsewhere, this would be 

useful to boost healthy cognitive aging, perceived psychological well-being and coping 

skills (i.e., necessary to face the physiological age-related decline), independence in 

performing the activities of daily living, and, to delay, if necessary, the occurrence of 

dementia (e.g., Anonymised for Review #3, Anonymised for Review #5; Iosa et al., 2014; 

Reas et al., 2019; Scarmeas and Stern, 2003).  

However, some limitations must also be considered. Specifically, the participants 

were mainly cognitively healthy community-dwelling inhabitants of the Sardinian BZ, 

exhibiting low educational attainment but with an active lifestyle (i.e., they stated to be 

regularly engaged in leisure activities). Moreover, the battery of cognitive tasks was 

limited, and further crucial constructs for successful aging (e.g., quality of life, resilience) 

were not investigated. Similarly, specific tests aimed to evaluate the performance in basic 

motor tasks involved in activities of daily living (i.e., balance and functional mobility), as 

well as muscular strength were not examined. This would be useful to fully depict the 

functional profile of participants from the point of view of their residual abilities. 

Therefore, future research should overcome these issues, extending the number and type 

of tests to be administered. Moreover, to favor the generalizability of the current findings, 

the study must be replicated both with larger samples of cognitively healthy respondents 

recruited elsewhere and participants exhibiting Mild Cognitive Impairment, since CR and 

physical reserve may be fundamental as protective factors to contrast the impact of 
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cognitive decline and the occurrence of dementia in late lifespan (e.g., Bherer et al., 2013; 

Corbo et al., 2023; Anonymised for Review #6). Finally, future longitudinal research is 

necessary to clarify the role played by the developmental factors in the relationship 

among CR, physical reserve, and cognition in late adulthood.  

  



17 
Cognitive and physical reserve, and cognitive efficiency  

17 
 

References 

Anonymised for Review #1 

Anonymised for Review #2 

Anonymised for Review #3 

Anonymised for Review #4 

Anonymised for Review #5 

Anonymised for Review #6 

Angevaren, M., Aufdemkampe, G., Verhaar, H. J., Aleman, A., & Vanhees, L. (2008). 

Physical activity and enhanced fitness to improve cognitive function in older 

people without known cognitive impairment. Cochrane database of systematic 

reviews. https://doi.org/10.1002/14651858.CD005381.pub2 

Baltes, P. B., & Baltes, M. M. (1990). Psychological perspectives on successful aging: 

The model of selective optimization with compensation. Successful aging: 

Perspectives from the behavioral sciences, 1(1), 1-34.  

Bherer, L., Erickson, K. I., & Liu-Ambrose, T. (2013). A review of the effects of physical 

activity and exercise on cognitive and brain functions in older adults. Journal of 

Aging Research, 2013, 657508. https://doi.org/10.1155/2013/657508 

Boon, R. M., Hamlin, M. J., Steel, G. D., & Ross, J. J. (2010). Validation of the New 

Zealand physical activity questionnaire (NZPAQ-LF) and the international 

physical activity questionnaire (IPAQ-LF) with accelerometry. British Journal of 

Sports Medicine, 44(10), 741-746. http://dx.doi.org/10.1136/bjsm.2008.052167 



18 
Cognitive and physical reserve, and cognitive efficiency  

18 
 

Calamia, M., De Vito, A., Bernstein, J. P., Weitzner, D. S., Carmichael, O. T., & Keller, 

J. N. (2018). Pedometer-assessed steps per day as a predictor of cognitive 

performance in older adults. Neuropsychology, 32(8), 941-949. 

https://doi.org/10.1037/neu0000487 

Calatayud, E., Lozano-Berges, G., Peralta-Marrupe, P., Latorre, E., & Gomez-Soria, I. 

(2022). Job demands may determine cognitive and physical aging after retirement. 

Journal of Applied Gerontology, 41(12), 2435-2446. 

https://doi.org/10.1177/07334648221120080 

Corbo, I., Marselli, G., Di Ciero, V., & Casagrande, M. (2023). The protective role of 

cognitive reserve in mild cognitive impairment: A systematic review. Journal of 

Clinical Medicine, 12(5), 1759. https://doi.org/10.3390/jcm12051759 

del Pozo Cruz, B., Ahmadi, M., Naismith, S. L., & Stamatakis, E. (2022). Association of 

daily step count and intensity with incident dementia in 78 430 adults living in the 

UK. JAMA Neurology, 79(10), 1059-1063. 

https://doi.org/10.1001/jamaneurol.2022.2672 

Etnier, J. L., Drollette, E. S., & Slutsky, A. B. (2019). Physical activity and cognition: A 

narrative review of the evidence for older adults. Psychology of Sport and 

Exercise, 42, 156-166. https://doi.org/10.1016/j.psychsport.2018.12.006 

Faul, F., Erdfelder, E., Lang, A.G., & Buchner, A. (2007). G* Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavioral and Research Methods, 39:175-191. 

https://doi.org/10.3758/BF03193146 



19 
Cognitive and physical reserve, and cognitive efficiency  

19 
 

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). Mini-mental state. A practical 

method for grading the cognitive state of patients for the clinician. Journal of 

Psychiatric Research, 12(3), 189–198. https://doi.org/10.1016/0022-

3956(75)90026-6 

Gorman, E., Hanson, H. M., Yang, P. H., Khan, K. M., Liu-Ambrose, T., & Ashe, M. C. 

(2014). Accelerometry analysis of physical activity and sedentary behavior in 

older adults: a systematic review and data analysis. European Review of Aging 

and Physical Activity, 11, 35-49. https://doi.org/10.1007/s11556-013-0132-x 

Godinho, F., Maruta, C., Borbinha, C., & Pavao Martins, I. (2022). Effect of education on 

cognitive performance in patients with mild cognitive impairment. Applied 

Neuropsychology: Adult, 29(6), 1440-1449. 

https://doi.org/10.1080/23279095.2021.1887191 

Kim, H., Hong, J. P., Kang, J. M., Kim, W. H., Maeng, S., Cho, S. E., ... & Bae, J. N. 

(2021). Cognitive reserve and the effects of virtual reality‐based cognitive training 

on elderly individuals with mild cognitive impairment and normal cognition. 

Psychogeriatrics, 21(4), 552-559. https://doi.org/10.1111/psyg.12705 

Kreouzi, M., Theodorakis, N., and Constantinou, C. (2022). Lessons Learned from Blue 

Zones, Lifestyle Medicine Pillars and Beyond: An Update on the Contributions of 

Behavior and Genetics to Wellbeing and Longevity. American Journal of Lifestyle 

Medicine. https://doi.org/10.1177/15598276221118494 

Iosa, M., Fusco, A., Morone, G., & Paolucci, S. (2014). Development and decline of 

upright gait stability. Frontiers in Aging Neuroscience, 6, 14. 

https://doi.org/10.3389/fnagi.2014.00014 



20 
Cognitive and physical reserve, and cognitive efficiency  

20 
 

Legrand, R., Manckoundia, P., Nuemi, G., and Poulain, M. (2019). Assessment of the 

Health Status of the Oldest Olds Living on the Greek Island of Ikaria: A 

Population Based-Study in a Blue Zone. Current Gerontology and Geriatrics 

Research, 8194310. https://doi.org/10.1155/2019/8194310 

Legrand, R., Nuemi, G., Poulain, M., & Manckoundia, P. (2021). Description of lifestyle, 

including social life, diet and physical activity, of people≥ 90 years living in 

Ikaria, a longevity blue zone. International Journal of Environmental Research 

and Public Health, 18(12), 6602. https://doi.org/10.3390/ijerph18126602 

Li, W., Li, Y., Wen, M., & Liu, B. (2023). Physical activity patterns and cognitive health 

among older adults in the United States. Journal of Applied Gerontology, 42(3), 

409-418. https://doi.org/10.1177/07334648221139480 

Litkouhi, P. N., Numbers, K., Valenzuela, M., Crawford, J. D., Lam, B. C., Litkouhi, P. 

N., ... & Brodaty, H. (2023). Critical periods for cognitive reserve building 

activities for late life global cognition and cognitive decline: the Sydney memory 

and aging cohort study. Aging, Neuropsychology, and Cognition, 1-17. 

Madrigal-Leer, F., Martìnez-Montandòn, A., Solìs-Umaña, M. et al. Clinical, functional, 

mental and social profile of the Nicoya Peninsula centenarians, Costa Rica, 2017 

(2020). Aging, Clinical and Experimental Research, 32, 313 - 321. 

https://doi.org/10.1007/s40520-019-01176-9 

Mañas, A., del Pozo Cruz, B., Ekelund, U., Reyna, J. L., Gómez, I. R., Carreño, J. A. C., 

... & Ara, I. (2022). Association of accelerometer-derived step volume and 

intensity with hospitalizations and mortality in older adults: A prospective cohort 



21 
Cognitive and physical reserve, and cognitive efficiency  

21 
 

study. Journal of Sport and Health Science, 11(5), 578-585. 

https://doi.org/10.1016/j.jshs.2021.05.004 

Martinčević, M., & Vranić, A. (2023). The higher, the better: Cognitive reserve 

contributes to lifestyle activities in older age. Applied Neuropsychology: Adult, 

30, 381-388. https://doi.org/10.1080/23279095.2021.1950154 

Migueles, J. H., Cadenas-Sanchez, C., Alcantara, J. M., Leal-Martín, J., Mañas, A., Ara, 

I., ... & Shiroma, E. J. (2021). Calibration and cross-validation of accelerometer 

cut-points to classify sedentary time and physical activity from hip and non-

dominant and dominant wrists in older adults. Sensors, 21(10), 3326. 

https://doi.org/10.3390/s21103326 

Migueles, J. H., Cadenas-Sanchez, C., Ekelund, U., Delisle Nyström, C., Mora-Gonzalez, 

J., Löf, M., ... & Ortega, F. B. (2017). Accelerometer data collection and 

processing criteria to assess physical activity and other outcomes: a systematic 

review and practical considerations. Sports Medicine, 47, 1821-1845. 

https://doi.org/10.1007/s40279-017-0716-0 

Ngueleu, A. M., Barthod, C., Best, K. L., Routhier, F., Otis, M., & Batcho, C. S. (2022). 

Criterion validity of ActiGraph monitoring devices for step counting and distance 

measurement in adults and older adults: a systematic review. Journal of 

NeuroEngineering and Rehabilitation, 19(1), 112. https://doi.org/10.1186/s12984-

022-01085-5 

Nucci, M., Mapelli, D., and Mondini, S. (2012). Cognitive Reserve Index questionnaire 

(CRIq): A new instrument for measuring cognitive reserve. Aging Clinical and 

Experimental Research, 24 (3), 218–226. https://doi.org/10.3275/7800 



22 
Cognitive and physical reserve, and cognitive efficiency  

22 
 

Panagiotakos, D. B., Chrysohoou, C., Siasos, G., Zisimos, K., Skoumas, J., Pitsavos, C., 

& Stefanadis, C. (2011). Sociodemographic and lifestyle statistics of oldest old 

people (>80 years) living in Ikaria island: the Ikaria study. Cardiology Research 

and Practice,  679187. https://doi.org/10.4061/2011/679187  

Poulain, M., Herm, A., and Pes, G. M. (2013). The Blue Zones: Areas of exceptional 

longevity around the world. Vienna Yearbook of Population Research, 11, 87–

108. https://doi.org/10.1553/populationyearbook2013s87 

Reas, E. T., Laughlin, G. A., Bergstrom, J., Kritz-Silverstein, D., & McEvoy, L. K. 

(2019). Physical activity and trajectories of cognitive change in community-

dwelling older adults: The Rancho Bernardo Study. Journal of Alzheimer's 

Disease, 71(1), 109-118. https://doi.org/10.3233/JAD-190491 

Sanchez-Cabaco, A., Wobbeking-Sanchez, M., Mejia Ramirez, M., Urchaga Litago, J. 

D., Castillo Riedel, E., & Bonete Lopez, B. (2023). Mediation effects of 

cognitive, physical, and motivational reserves on cognitive performance in older 

people. Frontiers in Psychology, 13, 1112308. 

https://doi.org/10.3389/fpsyg.2022.1112308 

Scarmeas, N., & Stern, Y. (2003). Cognitive reserve and lifestyle. Journal of Clinical and 

Experimental Neuropsychology, 25(5), 625-633. 

https://doi.org/10.1076/jcen.25.5.625.14576 

Silfee, V. J., Haughton, C. F., Jake-Schoffman, D. E., Lopez-Cepero, A., May, C. N., 

Sreedhara, M., ... & Lemon, S. C. (2018). Objective measurement of physical 

activity outcomes in lifestyle interventions among adults: A systematic review. 



23 
Cognitive and physical reserve, and cognitive efficiency  

23 
 

Preventive Medicine Reports, 11, 74-80. 

https://doi.org/10.1016/j.pmedr.2018.05.003 

Sim, M., Kim, S. Y., & Suh, Y. (2022). Sample Size Requirements for Simple and 

Complex Mediation Models. Educational and Psychological Measurement, 82, 

76-106. https://doi.org/10.1177/00131644211003261. 

Spencer-Hwang, R., Torres, X., Valladares, J., Pasco-Rubio, M., Dougherty, M., & Kim, 

W. (2018). Adverse childhood experiences among a community of resilient 

centenarians and seniors: implications for a chronic disease prevention 

framework. The Permanente Journal, 22, 17-146. https://doi.org/10.7812/TPP/17-

146 

Stern, Y., Arenaza‐Urquijo, E. M., Bartrés‐Faz, D., Belleville, S., Cantilon, M., Chetelat, 

G., ... & Reserve, Resilience and Protective Factors PIA Empirical Definitions 

and Conceptual Frameworks Workgroup. (2020). Whitepaper: Defining and 

investigating cognitive reserve, brain reserve, and brain maintenance. Alzheimer's 

& Dementia, 16(9), 1305-1311. https://doi.org/10.1016/j.jalz.2018.07.219 

The Jamovi Project (2022). Jamovi (Version 2.3) [Computer Software]. Retrieved from 

https://www.jamovi.org 

Willcox, D. C., Willcox, B. J., Sokolovsky, J., & Sakihara, S. (2007). The Cultural 

Context of “Successful Aging” Among Older Women Weavers in a Northern 

Okinawan Village: The Role of Productive Activity. Journal of Cross-cultural 

Gerontology, 22, 137–165. https://doi.org/10.1007/s10823-006-9032-0 

World Health Organization. (2022). Physical activity. Recovered from 

https://www.who.int/news-room/fact-sheets/detail/physical-activity 



24 
Cognitive and physical reserve, and cognitive efficiency  

24 
 

 

  



25 
Cognitive and physical reserve, and cognitive efficiency  

25 
 

Table 1: Socio-demographic characteristics of the participants recruited in the Sardinian BZ. 

M indicates the mean score, whereas SD denotes standard deviation scores. MMSE refers to 

the Mini-Mental State Examination score.  

  χ² df p 
n 
 
gender 
     males 
     females 
 
age range 
(years) 
 

120 
 

52 
68 
 
 

67-101 

 
 

2.133 
 
 
 

 

 
 
1 

 
 

.144 

Age (years) M = 82  
(SD = 8.4) 

 
 

  

 
MMSE 
 
 
Education 
(years) 
     0-8 (low) 
     ≥ 9 (high) 
 
Living 
 
Alone 
With someone  
 
Hobby 
 
YES 
NO 

 
M = 25.8  

(SD = 2.07) 
 
 

Males  Females  
44       61 
   8        7 

 
 

Males  Females  
 7      20  
45     48 

 
 

Males  Females  
42      58 
10      10 

 
 
 
 

.698 
 
 
 
 

4.299 
 
 
 
 
.43 
 
 
 

 
 
 
 

1 
 
 
 
 

1 
 
 
 
 

1 
 
 
 

 
 
 
 

.40 
 
 
 
 

.038 
 
 
 
 

.51 
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 Table 2: Pearson’s correlations among global cognitive reserve (i.e., CRIq-tot), educational attainment (i.e., CRIq-Edu), work occupation 

(i.e., CRIq-Job), time spent with leisure activities (i.e., CRIq-Hobby), perceived physical health (i.e., PHYS), Mini Mental State Examination 

(i.e., MMSE), Part A (i.e., TMT-A) and Part B-A (i.e., TMT-B-A) of the Trail Making Test, and motor functioning (i.e., daily steps, percentage 

of time spent in sedentary behavior, and accelerometric counts (VM-CPM) were computed.  
 

  CRIq-tot CRIq-
Edu 

CRIq-
Job 

CRIq-
Hobby PHYS MMSE TMT-A TMT-B-A Daily 

steps 

Sedentary 
Behaviou

r 
VM-CPM 

CRIq-tot  —                                

CRIq-Edu  0.696 *** —                             

CRIq-Job  0.826 *** 0.527 *** —                          

CRIq-Hobby  0.730 *** 0.256 ** 0.299 ** —                       

PHYS  0.162  0.043  0.080  0.214 * —                    

MMSE  0.301 ** 0.350 *** 0.158  0.233 * 0.085  —                 

TMT-A t  -0.241 * -0.190 * -0.308 ** -0.054  -0.254 ** -0.522 *** —              

TMT-B-A  -0.171  -0.236 * -0.202 * 0.009  -0.033  -0.318 *** 0.391 *** —           

Daily steps  0.209 * 0.170  0.066  0.258 ** 0.214 * 0.325 *** -0.299 ** -0.304 ** —        

Sedentary 
Behaviour 

 -0.074  -0.050  0.067  -0.193  -0.145  -0.219 * 0.221 * 0.241 * -0.886 *** —     

VM-CPM  0.071  0.056  -0.093  0.211 * 0.138  0.259 ** -0.224 * -0.250 * 0.892 *** -0.970 *** —  

Note. * p < .05, ** p < .01, *** p < .001 
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Figure 1  
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Figure 2 
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Captions Figure 1  

Predicted mediational patterns for the MMSE score, using the daily Steps index as a 

mediator of the relationship between the global cognitive reserve index (i.e., CRI-tot) and the 

global cognitive functioning (i.e., MMSE) measure.  

 

Captions Figure 2  

Results of the mediational model showing the significant mediating role of the daily 

Steps index in the relationship between the time spent for leisure activities (i.e., CRIq-Hobby) 

and the global cognitive functioning (i.e., MMSE) measures.   

 

 

 

 


