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ABSTRACT 

 

The concept of cognitive reserve is one that quite recently has been discussed in clinical 

neuroscience literature. Cognitive reserve posits that there is an established amount of supply in 

the brain that compensates for brain functions during normal age-related decline or when there is 

pathology present. Many factors contribute to the growth of reserve throughout an individual’s 

life, but one that is seen to be significantly beneficial, even in older adulthood, is aerobic exercise. 

The focus of this paper is on the promotion of healthy aging through exercise enhancement of 

cognitive reserve to assist the brain through the normal process of aging. In addition, one of the 

most prevalent mental illnesses afflicting older adults is depression. Not only is it more prevalent 

in older adults, but because it manifests differently in older adults, it is more detrimental to overall 

brain health. It is hypothesized that exercise enhances cognitive reserve, which may prevent or 

minimize negative aging effects on the brain such as depression, leading an individual to age 

without decline in quality of life. 
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INTRODUCTION 

Cognitive reserve is a theoretical construct that proposes the presence of a capacity, or a 

reserve, that aids in functioning as an individual goes through normal age-related brain changes 

or disease pathology [Stern, Y, 2007]. Cognitive reserve is divided into two main portions: active 

and passive reserve [Stern, Y., 2009]. Active reserve refers to the compensation related to 

cognitive processes in the brain. For example, active reserve would accommodate for any 

deficiencies by continuing normal cognitive functioning even through experiencing brain trauma. 

Passive reserve is the structural portion of cognitive reserve and is involved in preventing further 

deterioration from the normal aging process. The volume of the brain and/or the size, number of 

neurons, and synapse count, are examples of some structures that passively provide 

compensation for maintenance of the brain’s integrity through trauma or psychopathology.   

This thesis will primarily focus on passive reserve because evidence suggests that 

exercise enhances structural integrity in the brain, and this can be significant in the promotion of 

mental health, especially in older adulthood [Cheng, S.T., 2016; Christie, G.J., 2017; Colcombe, 

S.J., 2006; Mora, F., 2013; Craft, L.L. & Perna, F.M., 2004].  

Aerobic exercise is considered to be cardiorespiratory activities such as running and 

walking. Exercise, specifically aerobic exercise, has demonstrated enhancements in brain mass 

that lead to better overall brain functioning [Bittner, N. et al., 2019]. Exercise also increases the 

formation of new neurons in the hippocampus, also known as neurogenesis, and of new 

connections between neurons in many brain areas, or synaptogenesis [Mora, F., 2013]. Due to its 

enhancement of brain structures, we can theorize that exercise consequently builds and maintains 

passive reserve. This leads to the support of higher functioning for a longer period of time as an 

individual ages. In older adults, depression is a common mental illness, and it presents itself in 
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many different ways. These include brain structural abnormalities, including the atrophy of brain 

regions such as the hippocampus, which is important in the storage and formation of memories 

and emotional regulation [Drevets, W.C., Price, J.L., & Furey, M.L., 2008].  

Neurons are the basic working unit of the brain. Neurons contain a cell body that is 

supplemented with dendrites and axons that transmit signals through synapses, or connections, 

between cells. The more synapses present in the brain, the stronger and faster the messages 

between the neurons. The cells will be able to then work more efficiently which allows for 

increased adaptability to changes within the environment. Neuroplasticity, also known as brain 

plasticity, is the ability of an individual’s brain to be flexible and respond to external stimuli or 

changes, such as behavioral and environmental changes. Plasticity in areas of the brain such as 

the hippocampus, may be demonstrated through the process of neurogenesis and synaptogenesis 

and are directly correlated with cognitive reserve [Zarif, H. et al., 2017]. 

 Therefore, I will provide evidence that exercise preserves cognitive reserve, and 

enhances brain plasticity, subsequently reducing depression in older adults. High cognitive 

reserve can be demonstrated when an older adult sustains a brain lesion, or early brain disease 

pathology, but does not exhibit cognitive or mood impairment. While depression is associated 

with compromised structural integrity, exercise enhances passive reserve, mitigating the effects 

of depression on an individual’s brain. This then leads an individual to stay cognitively intact for 

a longer period of time, even in the presence of neuropathology [Craft, L.L. & Perna, F.M., 

2004].  
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Figure 1: Exercise enhancement of cognitive reserve: Promotion of mental health in older 

age? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Although cognitive reserve is the umbrella concept, the specific focus in this paper is on passive reserve. 

Aerobic exercise is seen to enhance passive reserve and also alleviate depression in older adults. Passive reserve is 

also seen to alleviate depression because of the structural support that it provides in the support of functioning. 

Passive reserve also prevents further deterioration of brain structures by psychopathology. Depression is seen to 

decrease the motivation to exercise that may be reflected by each individual, preventing them from exercising. This 

is consistent with the relationship between depression and passive reserve as well. As an older adult is seen to have 

higher prevalence of depression, their passive reserve in turn, deteriorates, thereby detracting from overall mental 

health. 
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COGNITIVE RESERVE 

Types of Cognitive Reserve 

Cognitive reserve is divided up into two main portions of reserve which can be classified 

as active reserve and passive reserve. If cognitive reserve were to be compared to a computer, 

active reserve would represent the software of the computer. This includes the coding, 

applications, and utilities within the computer that are not seen, but perform functions that run 

the computer. Using this same analogy, passive reserve would represent the hardware of the 

computer. This includes the hard drive, body of the computer, and motherboard that provide 

structural integrity to rely on for the proper overall function of a computer.  

The concept of neural reserve also encompasses two aspects that are intertwined with 

active reserve: efficiency and capacity. While efficiency refers to the functionality portion of 

cognitive reserve, (e.g. neuronal circuit rewiring), capacity is more of the “amount” of reserve 

there is, as well as how much compensation can be done [Barulli, D. and Stern, Y., 2013]. In 

some cases of a brain lesion, neuronal networks have to be rewired in order for the brain to keep 

functioning at the same level as it did before that brain lesion.  

The other portion of cognitive reserve is passive reserve, which is also referred to as brain 

reserve. It accounts for the structural aspects of the brain that contribute to the compensation of 

normal age-related brain changes. These structural aspects include overall brain volume, head 

circumference, synaptic count, dendritic count, grey and white matter, and brain-derived 

neurotrophic factor (BDNF). BDNF is a protein that aids in the growth, maturation, and 

maintenance of cells. Brain reserve capacity refers to the quantitative measure of structure and 

volume which aids in protection against normal age-related brain changes or psychopathology.   
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Although cognitive reserve does maintain cognitive function, there is a certain threshold 

that each individual maintains, (referred to as the inflection point), that is reflected by brain 

reserve capacity. Up to the inflection point, cognitive reserve preserves function and prevents the 

brain from exhibiting significant functional differences due to normal age-related changes [Stern, 

Y., 2009]. As previously mentioned, in the case of a brain trauma in one area, cognitive reserve 

would allow the brain to rewire and use a different non-affected area to do the job. Therefore, 

your brain would not exhibit much difference in overall functioning due to the reserve. Once this 

inflection point is reached, reserve is overwhelmed by degenerative changes and therefore 

cognitive impairment becomes apparent. The inflection point pertains directly to individuals who 

already have degeneration in the brain via a disease such as Alzheimer Disease or another form 

of dementia (see Figure 2 below).  

 Figure 2: Point of Inflection 

In this graph, memory test score is the 

proxy measure that is quantifying 

cognitive reserve. The x-axis represents 

deterioration of the brain over time 

through Alzheimer Disease 

neuropathology. High cognitive reserve is 

indicated when the pathology of 

Alzheimer or dementia is present, but 

there is still high cognitive functioning in 

the individual because of the availability 

of reserve [Stern, Y., 2009]. 

 

 

 

 

As displayed in Figure 2, mortality is not delayed and theoretically remains the same 

when comparing the two individuals who differ in reserve capacities. The difference is that a 

Mortality 
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high reserve individual is able to maintain high cognitive control for a longer period of time 

despite the presence of neuropathology of Alzheimer Disease or dementia. An individual who 

has low reserve accompanied by neuropathology would have a point of inflection come earlier, 

thus resulting in lower cognitive functioning.  

The person with higher reserve maintains normal functioning for a longer period of time, 

but then experiences a steeper deterioration rate to incident dementia once the point of inflection 

is reached. While overall brain functioning is sustained, the neuropathology eventually starts 

affecting an individual at the threshold point (i.e. inflection point). This is due to cognitive 

reserve being depleted which results in a sharper decline in overall brain function and a shorter 

time until mortality is reached, compared to an individual with lower cognitive reserve [Stern, Y. 

et al., 1994]. The result of higher reserve is the expression of clinical symptoms past the 

inflection point, after brain trauma cannot be sustained by brain reserve capacity any longer. This 

is consistent with quantitative threshold models that illustrate the existence of a capping point to 

a certain behavior or a function. The threshold model is important in the context of brain reserve 

capacity, because it clarifies its quantitative component [Katzman, R., 1993; Satz, P. & Butters, 

N., 1993]. Ultimately, cognitive reserve absorbs both normal age-related brain changes as well as 

any brain trauma that an individual might face throughout their life. The effects of brain 

degeneration are suppressed by the brain’s continued normal functioning and delayed onset of 

any cognitive deficits [Cheng, S.T., 2016]. 
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Table 1: Types of Cognitive Reserve 

Cognitive Reserve The theoretical concept of a supply in an individual’s brain that allows for continuation of 

brain functioning through the presence of psychopathology or brain lesions.  

 Active 

Reserve 

The portion of reserve that serves to aid in cognitive processes and compensation at the 

functional level.  

If cognitive reserve were a computer, active reserve would be the software. 

o Neural 

Reserve 

The efficiency and capacity functions at the neural level of active reserve that aid in 

maintenance of overall brain functioning. 

 Passive 

Reserve 

The portion of reserve that serves to aid in the support of compensation through structural 

integrity.  

If cognitive reserve were a computer, passive reserve would be the hardware. 

o Brain 

Reserve 

Capacity 

The quantitative representation of reserve through passive compensation in structural 

components of the brain.  

 

Measures of Cognitive Reserve  

There are many different measures for both active and passive reserve. Active reserve is 

measured through proxy measures such as socioeconomic status, including income and 

occupational attainment, educational attainment, and in some cases, leisure activity. Task 

demand is another proxy measure used in determining the amount of active reserve that an 

individual has. One specific example is the Letter and Shape Sternberg Task, which assigns 1, 3, 

or 6 letters for 3 seconds, which is then followed by a 7 second retention period. The participants 

are then given a single letter and asked to identify whether that letter is part of the studied set. 

The same process is done with a shape that is specifically designed to be difficult to verbally 

decipher. The main behavioral measure taken from the tasks is the reaction time that is 

associated with making a decision as the number of letters/shapes given, increases [Stern, Y., 

2009]. This is more helpful in determining differences between the young and the older adults 

when it comes to active reserve, which will be discussed later.  

Additionally, active reserve can be determined through cerebral blood flow, the blood 

supplied directly to the brain, measured directly in a given period of time through imaging 
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technology such as single-photon emission computed tomography (SPECT), positron emission 

tomography (PET), or magnetic resonance imaging (MRI), among others. High levels of cerebral 

blood flow have been associated with high cognitive function as well as brain efficiency. It also 

declines with normal aging processes, and lower cerebral blood flow correlates subsequently, 

with lower cognitive functioning [Ainslie, P.N. et al., 2008; Bertsch, K. et al., 2009]. Lower 

cerebral blood flow also indicates more advanced Alzheimer-associated pathology [McGeer, 

P.L. et al., 1986; Hoffman, J.M. et al., 2000]. Therefore, it can be argued that because cognitive 

decline through Alzheimer Disease pathology is negatively associated with cerebral blood flow 

measures of active reserve, it must be negatively associated with active reserve as well [Stern, 

Y., 2009]. These findings support the hypothesis that individuals with higher active reserve are 

able to handle brain changes attributed to pathology or trauma at a greater level than individuals 

with lower reserve. 

Epidemiological evidence suggests proxy measures accurately estimate active reserve 

because the idea of active reserve, compared to passive, relates to functionality and is harder to 

be seen through imaging technology such as PET or MRI. Proxy measures are forms of 

measurement that are indirectly, but strongly, related to what is being measured. In this case, it is 

theorized that certain variables such as diet, lifestyle activities, and occupational and educational 

attainment can have an increasing effect on the amount of reserve that an individual possesses. 

Thus, such measures are used as indirect measures of active reserve. Educational and 

occupational attainment are important correlates of reserve because they are negatively 

associated with overall brain deterioration. Individuals with fewer years of education consistently 

have faster cognitive decline, and those with more years of formal education were found to have 

slower cognitive decline [Evans, D. et al., 1993]. It is also an indication that measures such as 
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years of education are seen to be positively correlated with active reserve and, thus, negatively 

correlated with cognitive decline or psychopathology [Mortel, K.F. and Meyer, J.S., 1995; 

Rocca, W.A. et al., 1990].  

Specifically, the complexity of occupation combined with the number of jobs and the 

years on those jobs, were negatively associated with whole brain atrophy, especially in the 

hippocampus [Boots, E. et al., 2015]. A more complex occupation, for example, was correlated 

with reduced brain atrophy. In another major study, a systematic review of twenty-two cohort 

studies of the relationship between the effects of education, occupation, premorbid IQ, mental 

activities and cognitive decline, showed that increased complex activities in late adulthood were 

closely associated with lower rates of cognitive decline [Velenzuela, M.J. and Sachdev, P., 

2006]. The consistency in the studies from the review strongly supported the hypothesis of 

educational attainment, occupational attainment, and premorbid IQ being negatively correlated 

with cognitive decline and thus being positively correlated with active reserve  

In some cases, educational attainment is replaced by degree of literacy and is seen as a 

better measure of the capacity for compensation as a result of brain damage. Literacy levels can 

be a better measure compared to years of education. This is because individual motivations to 

gain knowledge and/or apply that knowledge can be demonstrated with literacy levels, and this is 

best represented through longitudinal studies. After accounting for age and years of education, 

one study showed low literacy levels were associated with a sharper decline in memory recall, 

when compared to individuals with higher literacy levels [Manly, J.J. et al., 2003]. Another study 

by the same authors assessed a cohort of ethnically diverse English-speaking individuals who 

were cognitively and functionally normal at baseline. It was found that literacy level seemed to 
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be a better predictor of decline in memory, executive function, and language skills when 

compared with the years of education [Manly, JJ. et al. 2005].  

Passive reserve, on the other hand, is measured using structural measures such as volume 

or mass of the brain, grey and white matter count, synaptic and dendritic count, and the number 

of neurons. Some imaging studies are also used to understand an expected clinical outcome or 

brain trauma or brain changes that come with normal aging. Brain scans are used to determine 

visible differences when two individuals are compared to each other, with regard to 

demonstrating brain reserve capacity [Stern, Y., 2012]. 

Brain reserve capacity that is measured through imaging, shows that structural markers in 

different areas of the brain (e.g. hippocampus, lateral ventricles, etc.) demonstrate white and grey 

matter brain volume are important. One study concluded that these structural markers, 

specifically in the right/left hippocampal volume and white matter lesion load, can give 

information regarding brain reserve capacity of each individual [Cavedo, E. et al., 2012].  

Cognitive Reserve in Older vs. Younger Adulthood 

Efficiency and compensation are seen in both younger and older adults. Compensation 

relates to cognitive reserve because it is seen most in those with higher reserve. In one study, 

better performing elders were seen, through PET (Positron Emission Tomography) and fMRI 

(functional Magnetic Resonance Imaging) scans, to use additional brain areas, especially in the 

contralateral hemisphere, when compared to younger subjects. The tasks that were used were the 

Wechsler Memory Scale-Revised and the Long-Delay Cued Recall from the California Verbal 

Learning Test. The tasks were selected specifically to distinguish older adults with low and high 

mnemonic functioning, which is the demonstration of retrieval of information and learning 

through a mnemonics task. Although the young and old adults were performing the same tasks, 
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the elders who kept up with the young adults were the ones who utilized additional brain areas in 

order to keep up [Cabeza, R. et al., 2002]. 

One way to expose differences between young and older adults is by looking at 

neuroimaging scans from task demand activation. Brain plasticity, as it relates to cognitive 

reserve, is presented differently in older adults as opposed to young adults, when looking at 

scans. This is because of the implementation of plasticity in older adulthood leading to higher 

activation in certain brain areas. It is hypothesized that when plasticity is being implemented, 

there is increased activity that is concentrated in the prefrontal cortex while decreased brain 

activity is observed in the posterior brain regions in older adults, when compared with young 

adults [Lovden, et al., 2010]. In the same study, flexibility, functional capacity, brain 

functioning, and experiences shape cognition and lead to higher brain plasticity (i.e. more 

flexibility in experiencing change). Brain plasticity in older adults represents the ability to be 

flexible in the adaptation of behaviors or environmental changes that affect the structure of the 

brain. In the normal aging process, or when lesions affect cognition, greater activation would be 

present because the use of higher function would be necessary in older adulthood as opposed to 

young adulthood.  

When comparing both groups, task demand activation is also important because it shows 

differences in brain processes between the two groups. Activation tasks are used to determine the 

response to a certain task given, which the results can then be analyzed for efficiency and 

capacity, and overall cognitive reserve. If the task given is a 5-word memory task, then it would 

naturally be harder for an older adult to perform this task than it would be for a young adult. 

Therefore, the older adult would show more activation because of the greater capacity at which 

the older individual’s brain is being used. However, when given a 20-word memory task, this 
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would be difficult for both older and young adult. That young adult would show the same high 

level of activation in a 20-word task that an older adult might have shown when given the 5-

word memory task. The capacity of both is around the same for this task. Efficiency comes in 

when comparing these results to determine cognitive reserve. It is hypothesized that the more 

efficient the brain is in performing activation tasks, the more cognitive reserve present [Stern, Y., 

2009]. 

 

 

Figure 3: Task Demand in Older vs. 

Young Adulthood 

The blue line represents older adults in a memory 

task while the red line represents the younger. Based 

on Stern’s findings, the older adult starts off high 

but levels out, which the young adult goes at a 

steadier pace, and activation gets higher as the task 

demand is higher as well. 

 

 

 

 

Passive Reserve: Brain Reserve Capacity  

As mentioned, intracranial brain volume is a very common measure for passive reserve, 

and it is considered an accurate measure of passive reserve when controlling for pathology [van 

Loenhoud, A. et al., 2018]. Although overall brain volume is important in determining brain 

reserve capacity, complexity of cognitive activities is important as well and a strong indicator of 

overall cognitive reserve and brain plasticity. Some of these complex activities include playing 

chess, puzzles, and other hobbies that require more intellectual functioning by the brain. These 
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cognitive activities require higher functioning and brain engagement, and therefore are 

hypothesized to build brain reserve capacity [Lovden, M. et al., 2010]. Plasticity contributes to 

the development of passive reserve as well because of its enhancement of functioning and 

capacity for the brain to not fall susceptible to age-related brain changes.  

 

Figure 4: Brain 

Functionality and Age 

 

Person 1, represented by the 

blue line, has lower over 

performance and functioning 

and therefore reserve and 

gradually declines while they 

age. Person 2, represented by 

the red line, starts at a higher 

level of performance and 

functioning and because they 

have more plasticity and 

reserve, start deteriorating 

later. [Lovden, M. et al., 2010]. 

 

 

The proxy measures that cognitive reserve is strongly associated with are the same that 

contribute to the enhancement of individual reserve. For example, negative effects of aging and 

dementia can be slowed by the stimulation of the brain through cognitive activities. Previous 

research has expressed that individuals with a higher IQ tend to display lower, and more efficient 

brain activation, as measured by PET scans while performing cognitive tasks [Haier, R.J. et al., 

1988]. More recently, studies have been conducted examining the effects of complex mental 

activities on overall cognitive functioning. In one study, complex mental activities were 

associated with a greater ability to handle brain trauma [Valenzuela, M, Breakspear, M., and 

Sachdev, P., 2007]. Complex mental activities also lead to greater brain plasticity and greater 
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resistance to age-related brain changes. Plasticity can also be defined as a reactive brain process. 

The more plasticity there is, consistent with passive reserve, the more an individual is likely to 

continue normal function after a brain lesion or trauma. An individual with higher levels of 

plasticity is theorized to sustain the optimal performance of brain tasks for a longer period of 

time when compared with an individual of lower plasticity, up until the threshold is met. 

However, this is true up to the point of inflection for brain reserve capacity. 

Cognitive reserve is built over a lifetime and many factors contribute to its structure. 

Brain reserve capacity is demonstrated through increased plasticity in the brain where an 

individual will continue with high cognitive functioning despite the presence of disease 

pathology.  Neuroplasticity is an umbrella term that includes neural functioning, efficiency, and 

compensation. Neural mechanisms linked to cognitive reserve are enhanced with neuroplasticity. 

Lifetime exposures, some short-term and some long-term, increase neurogenesis in areas of the 

brain [Xu, W., Yu, J., & Tan, L., 2015]. One area of the brain specifically that contains and 

contributes to passive reserve is the hippocampus. 

 We have now looked at the importance of passive reserve in the maintenance of brain 

functioning as individuals age. An important component of passive reserve that was emphasized 

was brain reserve capacity, which demonstrates the plasticity that is built in the brain. Next, it is 

important to focus on how it is built and where. Neurogenesis in the hippocampus may be 

stimulated by lifestyle factors such as diet, socializing, complex cognitive leisure activities, and 

exercise. Throughout the lifetime of an individual, neurogenesis occurs in the hippocampus 

specifically that is correlated positively with passive reserve [van Loenhoud, A.C. et al., 2018]. 

Aerobic exercise is most closely linked with neurogenesis in the dentate gyrus of the 
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hippocampus, specifically, hence improving memory and mood function [van Praag, H. et al., 

1999]. 

AEROBIC EXERCISE 

Exercise is considered to be activity associated with movements of the body that relate to 

higher cardiovascular output compared to baseline activity. Studies have shown that exercise, 

particularly aerobic and long-term exercise, is a protective factor in aging of the brain [Cotman, 

C.W. and Berchtold, N.C., 2002]. In the context of brain reserve capacity, exercise, especially 

aerobic exercise, is seen as a protective factor for cognitive decline. Aerobic exercise is the 

stimulation of exercise through oxygen and cardiovascular conditioning and can be low or high 

intensity. Not only does frequent aerobic exercise maintain brain health and plasticity, but it is 

also seen to stimulate neurogenesis in the hippocampus and have neuroprotective properties. 

Aerobic exercise also aids in increasing neurogenesis in the hippocampus that subsequently leads 

to higher overall functioning [Barullli, D. and Stern, Y., 2013]. It is also associated with less age-

related gray and white matter loss and the maintenance of neuronal structure and brain volume 

[Norton, S. et al., 2014]. In one longitudinal study, cognitive decline in older adulthood was 

strongly negatively correlated with exercising, after controlling for risk factors [Hamer, M. and 

Chida, Y., 2008]. 

Some of these neuroprotective factors include the increase in brain-derived neurotrophic 

factor (BDNF) and glial derived neurotrophic factor (GDNF), especially in the hippocampus 

[Colcombe, S. and Kramer, A.F., 2003; Hillman, C.H. et al., 2008]. Some studies have also 

suggested that because exercise is seen to enhance hippocampal structure, stimulate memory and 
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mood functioning, in turn increase plasticity in the brain, this leads to higher cognitive 

functioning [Mahncke, H. et al., 2006]. 

Exercise in Specific Areas of the Brain 

 Epidemiologic studies suggest that there is a correlation between physical activity and 

improved cognition in dementia or Alzheimer patients [Smith, J.C. et al., 2012, Gómez-Pinilla, 

F., So, V., & Kesslak, J.P., 1998]. Individuals with neuropathology such as Alzheimer Disease 

are commonly studied in determining the trajectory to cognitive impairment because 

impairments are prominent and clearly defined. This helps to conceptualize the trajectory to 

cognitive impairment and answers questions such as: “What factors are less or more likely to 

lead an individual to brain deterioration faster?” and “Do certain lifestyle factors play protective 

roles in aging?” One prospective cohort study followed 1740 individuals who were older than 65 

but did not have cognitive impairment [Larson et al., 2006]. In that study, participants reported 

the amount that they exercised, mental health, lifestyle characteristics, and potential risk factors 

for the development of dementia and Alzheimer Disease. When following up with these 

individuals after 6.2 years, 158 participants had developed dementia and another 107 had 

developed Alzheimer Disease. After specifically taking into consideration the predisposition, the 

conclusion was that frequent exercise was associated with a delay in onset of these brain 

diseases.  

 Findings from other studies that investigate the relationship between exercise and 

cognitive impairment also find that exercise delays cognitive impairment [Podewils et al. 2005, 

etc.; Tomprowski, P.D., 2003; Yaffe et al., 2001; Weuve J. et al., 2004; Yamada, M. et al., 

2003]. Although the studies mentioned focused mainly on self-reported exercise, one study 

conducted by Barnes and colleagues measured the self-report of exercise as well as oxygen 
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consumption in a cohort of 349 individuals [Barnes et al., 2003]. The results from this particular 

study concluded that there is an inverse relationship between exercise and cognitive decline. The 

study also emphasized the importance of aerobic exercise in relation to cognition, where aerobic 

exercise was seen to have a significant positive effect on an individual’s cognitive abilities. 

 Aerobic exercise is seen to have enhanced effects on cognition especially in older adults. 

Colcombe and Kramer conducted a meta-analytic study on the effects of exercise on the 

cognitive functioning of older adults [Colcombe, S. & Kramer, A., 2003]. The differentiating 

factor of this study was that it focused on aerobic exercise effects in isolation along with 

combined aerobic and strength training exercise. Previous studies in animal models showed that 

exercise does increase cognitive performance. This study affirmed the conclusion by providing 

evidence in humans. Aerobic exercise was seen to increase cognitive performance in older 

adults, specifically in the prefrontal cortex with executive functioning [Colcombe, S. & Kramer, 

A., 2003]. 

 The prefrontal cortex is an area of the brain that functions in decision making, flexibility, 

and planning. It also plays a role in short term memory. It can be deemed as the control center of 

thoughts and actions, or more commonly known as the center for executive functioning. The 

prefrontal cortex’s role in aging is such that it provides inhibitory control and proper order in an 

individual’s brain. Damage to this area can result in major cognitive deficiencies. A normal 

process of aging is brain volume loss, especially in areas of the brain such as the prefrontal 

cortex. Lower brain volume would result in lower cognitive functioning as well as lower passive 

reserve. Kramer and colleagues conducted a study on older adults and had them participate in a 

six-month aerobic exercise program, in order to determine changes in cognitive functioning. 

Results showed that even after a short-term exercise program, areas of the brain such as the 
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frontal cortex and the temporal lobe, showed significant increases in grey matter volume 

[Kramer, A.F. et al., 2006]. These, and other findings show that aerobic exercise can restore the 

loss of brain volume by increasing grey and white matter in the prefrontal cortex [Rosano, C. et 

al., 2010]. 

 Another area of the brain that is significantly enhanced due to exercise is the 

hippocampus. The hippocampus is located in both the right and left temporal lobes of the brain 

and it functions in learning, memory capacity, and emotion. The hippocampus, consistent with 

other brain areas, shrinks as an individual gets older. The loss of brain volume in the 

hippocampus results in impaired memory and learning, as well as emotional discrepancies. The 

shrinking hippocampus is implicated in the onset of dementia and Alzheimer Disease, given its 

role in memory and learning [Jack, C.R. et al., 2010]. A specific area in the hippocampus, called 

the dentate gyrus, functions as the control center of the hippocampus and is where input comes 

through in order to be processed. It is an area where neurogenesis occurs as a result of exercise 

and aids in the maintenance of optimal function of the hippocampus. BDNF aids in neurogenesis 

because it is a protein that supports the survival of new cells and maintains the growth of these 

cells. Thus, greater levels of BDNF are associated with neurogenesis. Erikson and colleagues 

found that aerobic exercise worked to decrease the effects of hippocampal shrinking in a trial of 

120 older adults. Increased hippocampal volume was also associated with greater levels of 

BDNF, which was mediated by neurogenesis in the dentate gyrus of the hippocampus [Erikson et 

al., 2011]. These findings are consistent with previous studies that examine roles of BDNF and 

hippocampal neurogenesis that lead to better memory functioning [Kim, Y., et al., 2003; Pang, 

P.T. & Lu, B., 2004; Rasmussen, P. et al., 2009]. 
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 Looking at the overall hippocampus, behavioral studies conducted in rats have also 

shown significant increases in learning and memory capacity due to exercise. Wheel running 

especially was seen to increase performance in spatial-learning tasks that are specialized to the 

hippocampus [Fordyce, D.E. & Wehner, J.M., 1993]. Fordyce and Wehner measured learning 

performance by running rats on wheels and having them perform spatial learning. Results were 

then compared with those of sedentary rats, and it was found that the exercised group of rats’ 

spatial navigation performance was significantly improved due to exercise. Other studies have 

shown similar findings and included evidence of exercise enhancing fibroblast growth factor in 

the hippocampus, which was also accompanied by an increase in density in the hippocampus 

[Garza, A.A. et al., 2003; Gomez-Pinilla, F., So, V., & Kesslak, J.P., 1998].    

Effects of Acute vs. Long-Term Exercise 

  The main difference between effects of acute exercise versus long-term exercise is in the 

area of the brain that it influences. Acute exercise has been shown to have significant effects on 

prefrontal cortex functioning but not hippocampal functioning [Basso, J.C. et al., 2015; Coles, K. 

& Tomporowski, P.D., 2008]. Basso and colleagues conducted a randomized control study with 

85 participants who were either assigned to an intense acute aerobic exercise group, or a control 

sedentary group that comprised of watching videos. Based on the measures after exercise 

intervention or video-watching, the results showed that those who were assigned to the aerobic 

exercise group improved in tasks that were prefrontal cortex functions, but not in the 

hippocampus-dependent functions. 

 Studies done in young adult populations show that exercise increases BDNF levels in the 

hippocampus after 5 weeks of aerobic exercise intervention. Although this is considered short-

term and the enhancements show in the hippocampus, the result may be attributed to the 
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difference of baseline BDNF levels in younger versus older adults [Griffin, E.W. et al., 2011]. 

We can attribute this minor discrepancy to the differences in brain capacity of young versus 

older adults, as other studies confirm the results of Basso and colleagues [Brisswalter, J. 

Collardeau, M. & René, A., 2002; Etnier, J.L. et al., 2016; Smith, M. et al., 2016]. It is difficult 

to determine the effects of exercise trajectory on the developing brain because of factors such as 

incremental inactivity, frequency, and intensity, that are paired with development. We can 

conclude that exercise is shown to have significant effects on cognition in the developing brain, 

thus increasing brain reserve capacity. Although more research is needed to determine the extent 

to which and how significant the effects of long-term exercise are on brain plasticity and overall 

cognitive functioning, the basic enhancements are significant [Perez, E. et al., 2019]. 

Exercise Effects on Passive Reserve 

 From these findings, we can conclude that frequent aerobic exercise plays a major role in 

delaying the onset of cognitive impairment. Exercise is shown to enhance areas of the brain and 

increase plasticity in the sensorimotor cortex, prefrontal cortex, and the hippocampus. 

Additionally, exercise increases neurogenesis in the hippocampus. Higher cognitive control and 

increases of volume translate to the ability to perform cognitive tasks efficiently and without 

disruption for a longer period of time. Brain volume loss is important in determining the amount 

of passive reserve that an individual has due to its correlations with cognition and control. The 

higher amount of passive reserve that an individual contains, the more likely they are to stay 

cognitively aware for longer and age more ‘successfully’. Normal aging is associated with 

volume loss in the brain overall, but exercise is seen to restore these losses and provide more 

plasticity. From this, we can conclude that exercise enhances passive reserve due to its ability to 

build more volume in areas that are responsible for cognitive control.  
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 The second major function of the hippocampus is emotional regulation and emotional 

processing. The majority of research that has been done on exercise and the hippocampus 

demonstrates that exercise increases structure, therefore increasing mood function and reducing 

negative emotions [Arent, S.M., Landers, D.M., & Etnier, J.L., 2000; Berger, B.G. & Motl, 

R.W., 2008; Bittle, S.J.H., 2003; Reed, J. & Ones, D.S., 2005]. The clinical implications of 

determining the role of the hippocampus in emotion is that interventions that target the 

hippocampus can be used to treat mental illnesses such as major depressive disorder (MDD) and 

anxiety disorders. Using fMRI technology, one study elicited activations in the hippocampus by 

inducing emotions through recall of autobiographical memories [Zhu, Y. et al., 2019]. The 

control group was scanned at a resting state while the manipulated group was asked to recall 

autobiographical memories. The study found that the hippocampus in the brain was activated in 

the manipulated group. The figure below illustrates the differences between the manipulated and 

control group. 

 

Figure 5 Brain Activation between 

Manipulated Group and Control Group 

A represents the manipulated group that was 

required to recall an autobiographical memory 

while B represents the control group. As shown in 

the figure, group A had activation in the 

hippocampus while inducing emotion, and group 

B was at a resting state while taking the scan [Zhu,       

Y. et al., 2019]. 
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DEPRESSION 

Major Depressive Disorder 

The most common form of depression is MDD. Individuals with this diagnosis present 

with 5 or more of the following criteria during the same two-week period: depressed mood, loss 

of interest/pleasure (anhedonia), weight loss or gain, insomnia or hypersomnia, psychomotor 

agitation or retardation, fatigue or loss of energy, feelings of worthlessness or 

excessive/inappropriate guilt, decreased ability to think/concentrate or indecisiveness, and/or 

recurrent thoughts of death/suicide (American Psychiatric Association, 2013). Although the 

diagnostic criteria for major depressive disorder is the same in younger and older adults, 

symptoms of depression in older adults present differently. In older adults the presence of apathy 

is more common as opposed to intense feelings of sadness and sorrow.  

Depression in Older Adults 

Depression in older adults is generally underdiagnosed for several reasons. One specific 

reason for this is that older adults are less likely to go to their physicians and discuss their 

emotional and mental wellbeing because they do not view their doctor as one who can diagnose 

mental disorders, but rather only physiological health. Additionally, depression in older adults is 

often ignored because of the inaccurate assumption that the symptoms of depression presented 

are a normal part of aging. The elderly population is more difficult to treat because medications 

affect the geriatric population differently due to slower metabolism when compared to young 

adults. 

Although it looks different in everyone, the key components of depression are similar in 

most cases. For older adults, depression affects individuals more cognitively rather than in mood 

impairments that is common with younger adults. Because of a lower level of plasticity and other 
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factors caused by normal aging, there is already a predisposition for older adults to have 

depression. Depression in older adults is linked to increased risk of mortality, suicide ideations or 

acts, and decreased cognitive and social functions compared to non-depressed individuals [Fiske, 

A., Wetherell, J.L., & Gatz, M., 2009]. Not only is it under-diagnosed, but it is also harder to 

treat in older adults because of factors such as compliance and side effects of medication that 

older adults have. Epidemiology suggests higher stress, lack of physical activity, lack of 

socialization, and genetic predisposition as some of the causes of depression in older adults 

[Pocklington, C. 2017].  

Depression and Passive Reserve 

Focusing specifically on the cognitive deficiencies that are more commonly found in 

older adults, the hippocampus plays a major role in the outlook of depression for many reasons. 

The first is that in depressed individuals, the hippocampal volume is decreased. As previously 

stated, the hippocampus plays a major role in not just memory and learning, but also emotion. 

There have been numerous studies that associate MDD with smaller hippocampal volumes, but it 

is not clear if hippocampal volume leads to depression, or if depression leads to smaller 

hippocampal volume [Sheline, Y.I., 2011]. A smaller hippocampus also assumes decreased 

cognitive stimulation such as neurogenesis, or synaptogenesis. Atrophy could also correlate with 

the decrease of structural components such as BDNF, and grey and white matter, that ultimately 

lead to deficits in overall hippocampal functioning.  

There have been studies that are consistent with this hypothesis. One study examined the 

results of a smaller hippocampus leading to depression, but others have shown there is a 

bidirectional relationship between depression and the hippocampus [MacQueen, G. & Frodl, T., 

2011; Sheline, Y.I. et al., 1996; Sheline, Y.I. et al., 1999]. One study suggests that BDNF 
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determines plasticity, neurogenesis, and synaptogenesis in the hippocampus, and lower levels of 

BDNF are correlated with smaller hippocampal volume, as well as with the presence of 

depression [Frodl, T. et al., 2007; Joffe, R.T. et al., 2009]. Conversely, depression may deplete 

these incremental resources [MacQueen, G. & Frodl, T., 2011]. 

Along with volumetric differences between depressed and non-depressed individuals, 

studies confirm that there is also decreased neurogenesis in the dentate gyrus of the hippocampus 

in depressed individuals. Additionally, there is loss of glial cells that are important in proper 

mood functions, that can be associated with the presence of depression in the brain [Arnone, D. 

et al., 2013; Campbell, S. & MacQueen, G. 2004; Frodl, T. et al., 2002; MacQueen, G.M. et al., 

2003; Sapolsky, R.M., 2001; Steffens, D.C. et al., 2000]. There are several other lines of 

evidence for BDNF level associations with depression and hippocampal atrophy. One of these 

involves postmortem examinations of depressed patients and suicide victims. They were both 

found to have decreased levels of BDNF in different brain areas including the hippocampus and 

the prefrontal cortex [Duman, R.S. & Monteggia, L.M., 2006]. 

Regardless of the age of MDD onset, these volumetric differences have been seen to 

contribute to Alzheimer Disease as well as dementia in older adulthood, indicating that they have 

effects on cognitive decline, and possibly brain reserve capacity as well [Jorm, A.F. et al., 1991; 

Opel, N. et al., 2014; Speck, C.E. et al., 1995; Steffens, D.C. et al., 1997]. This is important in 

understanding the role that passive reserve plays in enhancing cognitive functioning. 

Depression and Aerobic Exercise  

Although medication and psychotherapy have been shown to improve the outlook of 

MDD, it is also important to look at preventative and reversing methods, such as exercise 

intervention. There are many outlined benefits to exercise for depression, including the 
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improvement of mood [Craft, L.L. & Perna, F.M., 2004], overall well-being [Bartholomew, J.B., 

Morrison, D., & Ciccolo, J.T., 2005], and an increase of neurogenesis, synaptogenesis, as well as 

an increase in BDNF specifically in the hippocampus [Erikson, K.I. et al., 2011]. 

Erikson and colleagues focused on the findings of BDNF and the relationships between 

the hippocampus, exercise, and depression. BDNF is found in high concentrations in the 

hippocampus and is critical in understanding hippocampal atrophy. BDNF supplements 

neurogenesis, synaptogenesis, and cell survival. Lower levels of BDNF indicate a greater chance 

of atrophy being present in that region. In the hippocampus specifically, reduced grey and white 

matter in that region explains why lower BDNF levels are associated with hippocampal atrophy 

and depression in an individual. BDNF can also be measured with cerebrospinal fluid (CSF), 

which is also seen to be associated with cognitive decline and neuropathology [Soldan, A. et al., 

2013]. 

Although animal studies have shown cell proliferation in the dentate gyrus of the 

hippocampus, neurogenesis and the other preventative action for age-related decline, 

[Kronenberg, G. et al., 2005; van Praag et al., 2005] clinical studies are more complex. One 

study done recruited 165 older adults without dementia. After controlling for possible 

confounding variables, the results were consistent with animal studies in that aerobic exercise 

was associated with greater hippocampal volume. This finding was mediated by performance on 

a spatial memory task [Erikson, K.I. et al., 2009]. Another study demonstrated similar results and 

found that moderate-intensity endurance training also increased BDNF levels, neuronal growth, 

and plasticity in humans [Zoladz, J.A. et al., 2008]. 

Based on these findings it can be concluded that exercise enhances brain functioning in 

the hippocampus and prefrontal cortex, specifically. Furthermore, exercise can then be 
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determined to enhance passive reserve, leading an individual to live a longer healthier life with a 

reduced likelihood of developing depression.  

 

Figure 6: Significance 

of Exercise in the 

Hippocampus 
Erikson and colleagues 

conducted a 1-year exercise 

intervention measuring both 

aerobic exercise and 

stretching effects in three 

areas of the brain. The most 

significant results occurred in 

the hippocampus as 

demonstrated by the graph 

title “A”.  

[Erikson, K.I. et al., 2011]. 

 

  

 

 

CONCLUSION 

The two components of cognitive reserve, passive and active reserve, make up the brain’s 

resistance to normal age-related brain changes as well as any damage created by brain lesions or 

disease-related pathology. The structural component of cognitive reserve, represented by brain 

reserve capacity, is shown to be enhanced by lifestyle factors such as aerobic exercise. Aerobic 

exercise in early, middle, and older adulthood contributes to the growth of brain mass in areas 

such as the hippocampus and prefrontal cortex [Chen, F.T. et al., 2020]. The important functions 

of the hippocampus are enhanced with the presence of exercise. A greater amount of consistent 
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exercise leads to greater cognitive functioning and brain reserve capacity. This provides an 

increased ability to resist brain trauma and psychopathology [Cheng, S.T., 2016]. 

Normal age-related brain changes cause atrophy in brain structures such as the 

hippocampus and prefrontal cortex. Aerobic exercise is seen to protect against this growth, 

reverse negative effects, and increase volume [Erikson, K.I. et al., 2011]. Smaller hippocampal 

structures are also noticed in individuals with depression, making older adults more susceptible 

to depression [Raz, N. et al., 2005; Sapolsky, R.M., 2001]. The role of exercise in depression is 

enhancement of brain structure as well. Exercise’s ability to build mass through neurogenesis, 

synaptogenesis, increase of BDNF in the hippocampus, and the increase of grey and white 

matter, can then lead to higher functioning in the brain structure. This heightened functioning in 

the hippocampus subsequently leads to improved mood regulation and memory/learning 

capacity. This could reduce the presence or even onset of depression, even as individuals age.  

The focus of this thesis is on the passive reserve component of cognitive reserve which 

can be represented by brain reserve capacity. It has been demonstrated that aerobic exercise has a 

clear connection with the enhancement of brain reserve capacity through the increase in brain 

mass, specifically in areas such as the hippocampus and prefrontal cortex. Passive reserve can 

also be differentiated when comparing how different brain areas are affected by depression. 

Exercise increases neurogenesis and neurotrophic levels specifically in the hippocampal area. 

Therefore, it can be concluded that exercise reduces the incidence of depression as an individual 

ages [Cheng, S.T., 2016; Colcombe, S.J., 2006; Mora, F., 2013]. Following the cognitive reserve 

theory, due to these brain structures staying intact, other normal age-related changes would not 

impact an older individual’s functioning or brain processes. The aerobic exercise enhancement of 

the hippocampus specifically includes the enhancement of structure and thus overall functioning 
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by neurogenesis, synaptogenesis, and the increase of BDNF, thereby reducing and even possibly 

preventing the development of depression. Consequently, exercise may lead an individual to age 

successfully with the increased passive reserve capacity available to combat experienced changes 

and reduce the likelihood of the onset of depression. 

Implications 

The findings from this thesis can further be used to design interventions for the treatment 

of depression in older adults, specifically through exercise. Compared with young adulthood, 

depression in older adulthood is presented and medicated differently, making it more challenging 

to treat. However, exercise is one consistent intervention that is effective in the treatment and 

possible prevention of depression in both younger and older adults. It is important to note that 

starting aerobic exercise late in older adulthood is still able to have reversible effects on atrophy 

in brain structures such as the hippocampus and prefrontal cortex. This is significant because this 

means that even in middle and older adulthood, passive reserve can be built and used to fight 

brain deterioration, normal age-related brain changes, and even the onset of psychopathology 

such as depression or dementia [Arent, S. et al., 2000; Rovio, S. et al., 2005].  

Additionally, exercise can be a continuous enhancement of brain reserve capacity in 

young adulthood as well. The findings of acute vs. long-term exercise demonstrated that long-

term exercise was seen to increase and sustain cognitive functioning through the building of 

brain reserve capacity. Given this knowledge, beginning exercise interventions in younger and 

older adulthood can prevent rapid cognitive decline associated with aging and even the onset of 

psychopathology.  
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