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Abstract: Many studies point out the existence of individual differences both in the 
levels of age-related cognitive impairment and in the way this impairment occurs: 
some people can tolerate brain damage for a longer time without showing external 
signs of damage. The concept of cognitive reserve emerges as a useful and interesting 
approach to explain this phenomenon. This paper attempts to describe the state of the 
question as regards the cognitive reserve. It refers to an active process by which the 
brain adapts itself to a situation of impairment by using cognitive resources in order to 
compensate this impairment. It is a concept that cannot be measured directly but 
through indirect indicators. The most common indicators to measure the cognitive 
reserve are: level of education, occupation attainment and lifestyle. Many studies 
suggest that high values in these indicators go together with a high level of cognitive 
reserve and, therefore, play an important protective function against the development 
of dementia. We conclude this article with a set of practical recommendations to 
stimulate the cognitive reserve and age healthy.  
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Introduction 
 

Aging is usually associated with cognitive impairment and an increasing risk of 

suffering dementia (Giogkaraki, Michaelides & Constantinidou, 2013). Estimates at a 

global scale point out that around 7% of the population over 65 suffer dementia. In 

developed countries this percentage can increase up to 10% (Méndez & Cummings, 

2003). The sharp increase in life expectancy that has occurred throughout the last 



	   2	  

century in the vast majority of developed countries has brought about a drawback: a 

rise in the number of people who suffer one form of dementia or another.  

 There are different degrees and types of dementia, from mild alterations with a 

low impact on the quality of life to levels of cognitive impairment that cause a 

notorious effect in people’s capacity to live independently (Kandel, Schwartz, Jessel, 

Siegelbaum, Hudspeth, 2013). 

 However, there are important differences both on the levels of cognitive 

impairment and in the way this impairment occurs. In addition, there is no linear 

relationship between the degree of brain pathology and the clinical expression. In other 

words, some individuals tolerate brain damage for a longer time without showing 

external signs of impairment.  

 Consequently, it seems appropriate to ask for the cause of these interindividual 

differences and, for that reason, the concept of cognitive reserve emerges as a useful 

and interesting approach to this phenomenon (Giogkaraki et al., 2013). 

 

The concept of cognitive reserve (versus brain reserve) 

 

 First of all, it is important to make a distinction between two concepts that are 

usually confused: brain reserve and cognitive reserve. The concept of brain reserve 

refers to the differences in brain size and its constituents (for instance, neurons and 

synapses) that explain differences in the patients’ susceptibility towards brain 

pathology (Barulli & Stern, 2013). Therefore, brain reserve is a quantitative notion, 

that is, it can be measured directly (the bigger the brain size, the greater the number of 

neurons and, therefore, the greater the brain reserve). 

 However, the concept of cognitive reserve involves an active process by which 

the brain adapts itself to a situation of impairment by using cognitive resources in 

order to compensate this impairment (Stern, 2007). In that sense, the cognitive reserve 

can be understood as a capacity that makes it possible to postpone the appearance of 

clinic signs of dementia once the pathology has already started (Singh-Manoux et al. 

2011; Premi et al., 2013). All in all, through the cognitive reserve we evaluate brain 

function, whereas when we talk about brain reserve we focus on the brain size (Stern, 

2012). 

 The cognitive reserve involves an active process by which the same brain 

damage or pathology produces different effects depending on the person, even if the 
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brain size stays constant (Stern, 2012). In contrast with the brain reserve, the cognitive 

reserve is a concept that cannot be observed and, therefore, it cannot be measured 

directly. For that reason, Jones et al. (2011) recommend using models which make it 

possible to statistically analyze the relationship between different indicators associated 

with the cognitive reserve with the presence or absence of cognitive impairment in 

adults.  

 A great number of investigations suggest that age-related cognitive impairment 

is selective given that it affects different brain areas to different degrees. Specifically, 

the cortical areas from the prefrontal, inferior temporal lobe as well as the 

hippocampus are the most affected due to the process of age-related cognitive 

impairment. At the same time, aging goes together with a lower reuptake efficiency of 

the neurotransmitters as well as a decrease in the speed of the synaptic signal 

transmission (Wu, Oh & Distenhoft, 2002; cited by Giogkaraki et al. 2013).    

 Based on the above considerations, it seems logical to think that aging 

produces, among other alterations, impairment in the superior cognitive functions such 

as memory, learning, concept formation, categorization, and cognitive flexibility or 

functions related to calculus. 

 

Relationship between cognitive reserve and healthy aging 

 

 The vast majority of studies aiming to prove the role that the cognitive reserve 

plays in terms of prevention of cognitive impairment follow the same logic. That is, 

defining the cognitive reserve as the variable to be explained and analyzing its 

statistical relationship with several indicators of cognitive impairment. There is a 

plurality of tests that measure cognitive capacities and that are used as performance 

indicators. It has been empirically proved that performance diminishes as people get 

older (Giogkaraki et., 2013). Therefore, many of the current investigations analyze 

whether impairment is due to age and whether we can consider it normal or else it is a 

symptom of a more serious pathology and a prelude of dementia. 

 Those variables used to determine the level of cognitive reserve tend to be 

indirect indicators of the cognitive reserve, and those more frequently used are 

variables related to life experiences (Stern, 2009) such as the level of studies, the 

professional status, the intellectual level and the participation in leisure, cultural, social 

and cognitive activities. These experiences can influence brain anatomy, increasing 
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cell production and blood vessels in such a way that they promote neural plasticity and 

improve the reserve. Following this idea, an increase in the frequency of our everyday 

activities that involve the use of cognitive resources can prevent a pathology associated 

with cognitive impairment (Scarmeas & Stern, 2003). 

 In a study carried out by Stern et al. (1994) they found that individuals with 

less than eight years of education had 2.2 times higher risk of developing dementia as 

compared to those individuals with more years of education. In the same study, they 

proved that subjects with a lower occupational attainment had 2.25 times higher risk of 

developing dementia as compared to subjects with a higher occupational attainment. 

These results seem to suggest that the higher the education and the occupation 

attainment, the more cognitive reserve to cope with age-related dementia. In a study 

published some years later, Scarmeas et al. (2001; cited by Stern, 2012) aimed to 

evaluate the influence of participation in leisure activities – such as hiking, going to a 

movie, reading magazines or books and even watching television – when it comes to 

the likelihood of developing dementia. The investigators concluded their study by 

stating that those individuals who, on a regular basis, participated in leisure activities 

like the ones mentioned above had 38% lower risk of developing dementia. These 

studies point out that vital experiences such as the years of education, the occupational 

attainment and the participation in leisure activities have a protective effect in terms of 

developing dementia (Stern, 2012). In other words, these vital experiences build up a 

greater cognitive reserve that protects us from dementia up to a certain point. 

 However, we can observe a phenomenon that, at first sight, could seem 

contradictory. Despite the fact that these experiences diminish the probability of 

developing dementia, it is also true that those individuals with a higher index of 

cognitive reserve who suffer dementia experience a quicker cognitive decline. The 

following figure (number 1) illustrates this process very clearly.	   

 



	   5	  

 
Figure 1. Evolution of cognitive functions in relation to the neuropathology related to Alzheimer’s  

disease. Re-elaborated based on: Barulli & Stern (2013). 
 

Figure 1 illustrates two cases: one subject with a high cognitive reserve and 

another subject with a considerably smaller cognitive reserve. In the vertical axis are 

represented the subject’s cognitive capacities and, in the horizontal axis, brain damage 

as a consequence of suffering Alzheimer’s disease. As we mentioned previously, 

subjects who show a greater cognitive reserve are individuals with more education, a 

better occupation and who carry out cognitively-stimulating leisure activities. For that 

reason, individuals with a high cognitive reserve show greater cognitive capacities. In 

other words, subjects with a high cognitive reserve perform better in tests measuring 

cognitive capacities in comparison with subjects with a lower cognitive reserve. 

Likewise, subjects with a higher cognitive reserve – therefore with greater 

cognitive capacities – show clinical signs of dementia later in life, as compared to 

subjects with a lower cognitive reserve – therefore with lower cognitive capacities. 

However, once subjects with a high cognitive reserve show clinical signs of dementia, 

cognitive impairment occurs much more quickly than in subjects with a low cognitive 

reserve. This phenomenon – apparently contradictory – should not lead us to think that 

the cognitive reserve does not play a protective role against dementia. What actually 

happens is that individuals who suffer from dementia but have a high cognitive reserve 

are able to cope with this dementia for a longer time without showing clinical signs of 

it, that is to say, without having their performance affected. On the contrary, subjects 

with a lower cognitive reserve start to show clinical signs of dementia much earlier. 
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One of the disorders that older people present more frequently is the one called 

Mild Cognitive Impairment (MCI), which involves a diagnostic entity that appears and 

is diagnosed according to the following criteria (Peterson, 2004; Albert et al., 2011): 

• Presence of changes in the cognitive function, preferably corroborated by close 

informants, namely relatives. The subject shows changes in his everyday life 

functioning and his daily activities. 

• Lower performance than expected taking into account his age and educational 

attainment in one or several cognitive domains, that is, in the different 

cognitive tasks that human beings conduct. For example, in tasks implying 

memory, language, mathematical thinking, etc. 

• Functional capacities preserved or minimally affected: this implies that despite 

these mild cognitive errors, the subject is capable of conducting his daily 

activities with a great degree of normality. 

• Dismissing the existence of dementia in an early stage. 

 

We can distinguish two main subtypes of MCI, amnesic and non-amnesic, taking 

into account whether episodic memory is affected or not (Albert et al., 2011). 

Episodic memory is a type of memory characterized by the fact that people are able 

to remember past events from their lives with normality and, therefore, they have 

an effective memory of the important events of their lives. Apart from impairment 

in episodic memory, impairment related to working memory has also been detected 

in individuals with MCI, which is related to processing resources involved in the 

vast majority of everyday life activities (Gagnon & Belleville, 2011). Working 

memory is another type of memory which is characterized by being a resource we 

use when we carry out a task that requires us to keep something in our memory for 

a short period of time, for example, when we retain a phone number before dialing 

it.  

 In a review carried out by Lojo, Facal and Juncos (2012), it was observed that 

the cognitive reserve influences the delay in the appearance of the symptoms of 

MCI. Individuals with higher levels of education (Mejía, Gutiérrez, Villa, and 

Ostrosky-Solis, 2004; Kawano et al., 2010; Radanovic et al., 2009) and who 

frequently participate in leisure activities (Verghese et al., 2006) and cognitive 

activities (Wilson, Scherr, Schneider, Tang, & Bennett, 2007) show better 
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cognitive performance and a lower risk of impairment. In addition, it has been 

observed that people with greater intelligence show a greater neuropathological 

process, as compared to people of less intelligence who show a similar cognitive 

performance (Solé-Padullés et al., 2009; Bosch et al., 2010). This fact makes 

evident the compensatory effect occurring in individuals with a high cognitive 

reserve: it masks neuropathological impairment through a milder manifestation of 

clinical symptoms than would be expected of subjects with the same 

neuropathological impairment and a lower cognitive reserve.  

 Evidence from epidemiologic studies point out that life experiences – even 

those taking place later in life – can positively influence the increase of the 

cognitive reserve (Stern, 2012). These results are of great importance given that 

they show that it is possible to intervene in the cognitive reserve during aging and, 

therefore, to reduce the age-related cognitive decline. Other studies (Kramer et al., 

1999) show, for instance, the benefits of aerobic exercise in the sense that it leads 

to better cognitive performance. 

 Based on the above considerations, it seems that the concept of cognitive 

reserve is closely linked to the manifestation of cognitive impairment, especially 

during old age. Hence, we should consider that having a high cognitive reserve can 

become a mechanism of prevention of impairment and, therefore, it is associated 

with healthy aging in those individual with resources at their disposal. A simple 

scheme to understand the elements that compose the cognitive reserve is the 

following figure: 

 

   
 

Figure 2. Cognitive reserve model and its indicators 
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Obviously, it is still necessary to establish how every single concept is filled in. 

Regarding the level of education, it seems clear, given that we have an evident 

indicator such as the subject’s years of education, by adding the following: 

• Years of education (already mentioned) 

• Complexity of the tasks carried out at work. The greater the complexity, the 

higher the cognitive reserve 

• Reading habits in terms of frequency. 

• Crystallized Intelligence, that is, the part of intelligence that is acquired in 

interaction with the sociocultural atmosphere. Hence, it is a kind of intelligence 

that can be developed, especially through the acquisition of new learning, and 

it is closely related to experience. 

 

The second element is much more complicated. In fact, in order to determine if the 

lifestyle promotes the cognitive reserve, we need to pay attention to the following 

indicators: 

•  Social activities, in the sense that they increase the levels of the cognitive 

reserve if the person has a good social activity: being a member of 

associations, being involved in them, common projects, sports activities 

and similar ones are a few good examples. 

• Cultural activities: following the same idea as in the previous point but in 

the cultural domain. Therefore, going to a play, a movie, conferences and 

other related activities are good examples of cultural stimulation.  

 

Recommendations 

 

The universalization of education in the vast majority of developed countries as well as 

its compulsory nature up to a certain educational level are crucial achievements which 

have led to enormous social breakthroughs. In fact, as has been mentioned throughout 

this paper, among other benefits, compulsory education and its universalization are 

closely linked to a greater cognitive reserve, the latter being a key tool to resist 

cognitive decline and age-related dementia. However, the number of years of 

education is only one among the many factors involved in the development of a 

cognitive reserve. Below we introduce a set of recommendations based on results from 
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a wide range of studies on this topic (Lojo et al., 2012; Vasile et al., 2013). The reader 

will see that it is never too late to put them into practice. Despite the fact that research 

on the factors behind the cognitive reserve is not conclusive, the recommendations that 

follow are harmless and, according to a wide range of studies, they seem to have a 

special influence on the cognitive reserve as long as they are put into practice 

frequently. 

1) Cognitively-stimulating activities (studying, reading, watching films, listening 

to music…) 

2) Job with a certain degree of complexity (requiring the constant use of strategies 

to solve problems) 

3) Regular physical exercise (walking, aerobic exercise) 

4) Social activities (participation in associations, voluntary work) 

5) Active and healthy lifestyle. 
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