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Abstract
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The brain remains dynamic even in older age and can benefit from mental exercise. Thus, it is
important to understand the concepts of positive neuroplasticity and negative neuroplasticity and
how these mechanisms either support or detract from cognitive reserve. This article provides a
brief review of these key concepts using four exemplary studies that clearly demonstrate the
effects these neurological mechanisms exert on cognitive reserve and cognitive functioning. From
this review, a working knowledge of how neuroplasticity and cognitive reserve are expressed in
patients will be provided along with how this information can be incorporated into nursing
practice and research.
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According to Baltes and Baltes (1990), successful aging requires eight essential
components: length of life, biological health, mental health, cognitive efficiency, social
competence, productivity, personal control, and life satisfaction. Moreover, these
components are dynamic and interactive with one another so that if one component is
lacking, this may negatively affect the other components. Cognitive efficiency is clearly one
component that influences the others. For example, experiencing normal age-related
cognitive declines can adversely affect length of life and biological health (e.g., forgetting to
take medications), mental health (e.g., less cognitive proficiency in emotional problem
solving), social competence (e.g., not being able to remember someone’s name),
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productivity (e.g., taking longer to grocery shop), personal control (e.g., fear of developing
Alzheimer’s disease), and life satisfaction (e.g., cognitive complaints are bothersome).
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Studies show that such normal age-related cognitive declines, even in the absence of
dementia or Mild Cognitive Impairment, can impair the accuracy and speed in which
instrumental activities of daily living are performed (Edwards et al., 2005; McGuire, Ford,
& Ajani, 2006); even subtle declines can reduce independence, autonomy, and life
satisfaction (Ballard, 2010). Given that there will be 54 million adults 65 years and older in
the United States by 2020 (United States Census Bureau, Population Division, 2005), it is
important to understand how to facilitate successful cognitive aging in this growing
population in order to facilitate successful aging in general.
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The purpose of this article is to provide nurses and nurse practitioners with updated
information about the importance of positive and negative neuroplasticity on cognitive
reserve in order to help educate and facilitate successful cognitive aging in their older
patients. To accomplish this, the concepts of positive and negative neuroplasticity will be
explained through four well-known studies in the neuropsychology literature. Following
this, the role of neuroplasticity on cognitive reserve will be reviewed with particular
attention focusing on the putative biomechanisms that may reduce cognitive reserve and
thus, cognitive functioning. From this, implications for nursing practice (i.e., cognitive
exercise) and research (i.e., investigating cognitive remediation therapy) will be provided.

Positive and Negative Neuroplasticity
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Both positive neuroplasticity and negative neuroplasticity refer to the actual morphological
and neurochemical changes that occur in the nervous system and brain between neurons in
response to adapting to environmental demands or press (Figure 1; Vance & Crowe, 2006;
Vance, Roberson, McGuiness, & Fazeli, 2010). The guiding principles behind positive and
negative neuroplasticity come from two sources: 1) knowledge about how glial cells, which
account for 85% of the cells in the brain, assist neurons to maintain or rewire and form new
connections with other neurons (Brown, 2009; Fields, 2009), and 2) the “Use It or Lose It”
theory of aging which posits that systems in the body that are underutilized eventually
atrophy and the energy needed to maintain them is stored or diverted to areas where there is
need (Coyle, 2003; Vance et al., 2010). Based upon these principles, when animals and
humans are exposed to a more complex, more novel environmental press, they adapt by
learning the environment in order to negotiate it better (Figure 1). Such adaptation includes
developing stronger and more intricate connections between neurons in order to have better
communication between them, and as a result, gain better cognition in order to further
explore and negotiate within that environment. This process increases cognitive reserve and
is referred to as positive neuroplasticity. Likewise, when animals and humans are exposed to
a less complex, less novel environmental press, there is little need to adapt since they
already have the cognitive skills necessary to negotiate the environment. In fact, if their
skills far surpass the environmental press, the energy needed to maintain such neuronal
connections may be diverted and fewer connections may be needed; therefore, these
neuronal connections may atrophy. This process decreases cognitive reserve and is referred
to as negative neuroplasticity.
Both positive and negative neuroplasticity function on a continuum of environmental press.
The more challenging and novel the environmental press, the more positive neuroplasticity
will be involved in adapting to this press by forming more neuronal connections and
increasing cognitive reserve. Similarly, negative neuroplasticity functions in an opposite
manner by not building and/or breaking down the neuronal connections that are needed to
adapt to environmental press. These concepts are shown in Figure 1 which includes four
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exemplary studies from the neuropsychology literature that clearly demonstrate the effects
these neurological mechanisms exert on cognitive reserve and thus cognitive functioning.
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Enriched Environmental Paradigm
Diamond and other neuroscientists (Diamond, 1993; Kobayashi, Ohashi, & Ando, 2002)
used various permutations (e.g., ages of rats, time exposures) of the enriched environmental
paradigm to demonstrate the influence that the environment exerts on brain morphology,
specifically positive and negative neuroplasticity. In this experimental paradigm, rats from
the same colony (i.e., genetically similar) are randomly assigned to live in one of three
environmental conditions: Enriched, standard, and impoverished. In the enriched
environmental condition, rats are placed with several other rats in a large cage and are also
given toys and objects to explore; these toys and objects are exchanged with others such
items periodically. In this condition, rats have an enriched social and physical environment
to explore. In the standard environmental condition, rats are placed three to a cage but are
not given toys and objects to explore. In this condition, rats have a less enriched social and
physical environment to explore. In the impoverished environmental condition, rats are
placed in a cage by themselves and are not given toys and objects to explore. In this
condition, rats have no social interaction and a minimal physical environment to explore.

NIH-PA Author Manuscript

After equal exposure to the environments, researchers found that rats in the enriched
environmental condition developed larger brains, had more dendritic connections between
neurons, and had larger amounts of neurotrophic growth factor compared to rats placed in
the other two environmental conditions. Likewise, a similar pattern emerged for those rats in
the standard environmental condition compared to those rats placed in the impoverished
environmental condition. These findings support the role that environmental press exerts on
brain morphology.
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It has been shown in subsequent studies that these morphological changes translate into
better cognitive functioning (i.e., memory and problem solving) as measured by time to
complete mazes which is typical in studies of this nature. In other words, rats exposed to the
enriched environmental condition and benefitted from neurological growth, performed faster
and better in completing maze tasks compared to rats exposed to the other environmental
conditions. These findings were found regardless of the amount of exposure to these
environments (a few weeks to several months) or the various ages of the rats (Diamond,
1993; Kobayashi et al., 2002; Paban, Jaffard, Chamben, Malafosse, & Alescio-Lautier,
2005; Van Praag, Kempermann, & Gag, 2000; Vance & Crowe, 2006; Vance et al., 2010).
Thus, the more complex and enriched the environment (a.k.a., environmental press), the
more positive neuroplasticity was observed; similarly, the less complex and less enriched the
environment, the more negative neuroplasticty was observed.
London Taxi Driver Study
In the London Taxi Driver Study (Figure 1), Maguire and colleagues (Maguire et al., 2000;
Maguire, Woolett, & Spiers, 2006) examined the brains of London taxi drivers and London
bus drivers using magnetic resonance imaging (MRI). In doing so, researchers capitalized
upon a naturalistic phenomenon whereby to gain their license, taxi drivers had to undergo a
2 to 4 year training period to learn London’s many points of interest, familiarize and recall
London’s 25,000 streets, and figure out how to drive and connect through them. This intense
training period and driving in such a complex setting represents an enriched environmental
(i.e., more complex/more novel environmental press) paradigm. In contrast, bus drivers did
not have to receive such an intense training period and were assigned to bus routes that
varied little. For the bus drivers, being in such a routine setting represents the standard
environment (i.e., less complex and less novel environmental press). MRI scans were used
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to compare the taxi drivers and bus drivers; this revealed that in comparison to the bus
drivers, the taxi drivers had larger mid-posterior hippocampi (i.e., the brain structures
needed for memory formation and consolidation). Furthermore, the larger size of the
hippocampi was significantly related to more years of taxi driving. As expected, bus drivers
who were considered to be in a more standard routine environment did not have larger
hippocampi associated with years of driving.
Older Jugglers Study
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Such principles of positive and negative neuroplasticity are also observed in older adults. In
a sample of 69 community-dwelling older adults (Mage = 60; range = 50 – 67), Boyke,
Briemeyer, Gaser, Büchel, and May (2008) instructed participants how to juggle three balls
at a time. In addition, researchers conducted MRIs with these participants at baseline (Time
1 – before juggling instruction), at posttest (Time 2 – after 3 months when participants were
able to juggle for a minimum of 1 minute), and 3 months later (Time 3 – after participants
were no longer juggling). Only 25 participants were able to learn to juggle. Comparing the
MRI scans of these 25 participants, researchers found that the hippocampi and nucleus
accumbens grew from baseline to immediate posttest when participants were learning to
juggle; juggling represents a more complex and more novel environmental press. Albeit,
these brain structures diminished in size from posttest to 3 months later when participants
were no longer juggling; not juggling represents less complex and less novel environmental
press.
Theatre Training Study
In a sample of 124 community-dwelling older adults (Mage = 73.7; range = 60 – 86), Noice,
Noice, and Staines (2004) assigned groups of older adults to one of three groups of varying
environmental press: theatre training, visual arts, and no-contact control. In the more
complex and more novel environmental press condition, theatre training, participants
received nine 90-minute group sessions over a 4-week period. During these sessions,
participants engaged in acting exercises that required them to integrate cognitive,
physiological, and affective abilities. In the medium environmental press condition, visual
arts, participants received nine 90-minute group sessions where art was examined. In the less
complex and less novel environmental press condition, no-contact control, participants did
not receive any attention. Those participants in the theatre training group performed better
on some of the cognitive measures of verbal memory and reasoning compared to those in the
conditions with less complex and less novel environmental press. Other permutations of this
study have resulted in similar findings (Noice & Noice, 2006, 2009; Noice, Noice, PerrigChiello, & Perrig, 1999).
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Cognitive Reserve
Cognitive reserve refers to the amount, sophistication, and strength of connections between
neurons; it is from these neuronal connections and the information communicated between
them from which cognition is expressed. The greater one’s cognitive reserve, the more likely
one is to withstand neuronal insults and still maintain cognitive functioning (Roe et al.,
2008; Vance et al., 2010). For example, as seen in Figure 2, the flow of communication
between neurons conveyed by the action potentials and the release of neurotransmitters
between the synaptic cleft processes in sequential manner from neurons A to B, B to C, and
so forth until it arrives at neuron Z. Unfortunately with increasing age, some neurons may be
compromised due to a variety of events (e.g., cortisol toxicity, oxidative stress) which may
render such neurons either ineffective or dead. In either case, communication between the
neurons is blocked, thereby reducing cognitive efficiency. But if there is sufficient cognitive
reserve (i.e., other neuronal connections), adjacent functional neurons (i.e., neurons L – Q)
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may be able to re-route communication from the damaged neurons (i.e., neurons E – K),
thereby maintaining cognitive efficiency. Such functioning is observed in other bodily
systems. This is similar to collateral circulation that develops in occlusive coronary heart
disease whereby coronary collateral arteries actually provide an alternate route for blood
flow in an attempt to decrease myocardial ischemia from occurring (Berry et al., 2007).
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Similarly, positive and negative neuroplasticity are the mechanisms by which cognitive
reserve is considered to be increased, maintained, or decreased. As elucidated in the
previous section, being exposed to an enriching environment that provides the motivation
for the person (or animal) to adapt promotes positive neuroplasticity, resulting in more
dendritic connections, larger brains, and thus more cognitive reserve. Likewise, the opposite
is observed for negative neuroplasticity. From this, studies exemplify how encouraging
positive neuroplasticity promotes cognitive reserve and protects against cognitive
impairment. For instance, in a sample of adults with (n = 37) and without Alzheimer’s
disease (n = 161), Roe and colleagues (2008) examined whether educational attainment, as a
form of environmental press and positive neuroplasticity that builds cognitive reserve,
delays the onset of Alzheimer’s disease. Alzheimer’s disease severity in this study was
measured by the amount of fibrillar beta-amyloid in the brain using radiotracers that
highlighted this protein in positron emission tomography. Roe and colleagues found that
higher education level was predictive of better cognitive functioning, even when fibrillar
beta-amyloid was present in higher levels. As in other studies (Brayne et al., 2010), this
finding suggests that educational level, as a measure of cognitive reserve, helps delay the
symptoms of developing Alzheimer’s disease.
Neuofibrillary Tangles and Amyloid Plaques
Unfortunately, there are several other biomechanisms that can compromise neuronal health
and reduce cognitive reserve. As just mentioned, neurofibrillary tangles and beta-amyloid
plaques, the hallmark of Alzheimer’s disease, can lead to the death of neurons. Specifically,
neurofibrillary tangles occur within the neurons and compromise cellular functioning which
eventually kills them. Likewise, beta-amyloid plaques amass around neurons, severe
connections with other neurons, and entangle neurons, eventually causing cell death
(Gauthier & Ballard, 2009). Other biomechanisms also contribute to poorer functioning or
the death of neurons; for this brief review, only a few are included such as cortisol toxicity,
hypertension/white matter lesions, oxidative stress, and substance use.
Cortisol Toxicity
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Research has suggested that repeated lifelong exposure to psychosocial hazards such as
anxiety, depression, and stress may be harmful to neuronal health and thus cognitive
functioning and reserve. Studies have hypothesized that the primary mechanism for this
relationship is the response of the hypothalamic-pituitary-adrenal axis to these psychosocial
hazards, thus triggering it to secrete glucocorticoids (most relevant is cortisol), which are
hypothesized to be detrimental to hippocampal neurons (Chrousos & Gold, 1992; Lupien et
al., 2005). One longitudinal study examined the predictive value of urinary excretion of
cortisol on cognitive impairment (n = 538; age range 70-79 years) (Karlamangla, Singer,
Chodosh, McEwen, & Seeman, 2005). Results indicated that those with higher urinary
cortisol levels at baseline had a higher risk for developing cognitive impairment over a 7year period. This relationship was not affected by age, gender, education, ethnicity,
smoking, cardiovascular disease, or blood pressure. Another cross-sectional study examined
salivary cortisol levels among older adults (N = 967; age range 50-70 years) and found
higher cortisol levels to be predictive of poorer cognitive performance across multiple
domains (i.e., language, processing speed, hand-eye-coordination, executive functioning,
verbal memory and learning, and visual memory) (Lee et al., 2007). These associations did
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not differ by age, sex, ethnicity/race, or time day. Thus, dysregulation of cortisol by the
hypothalamic-pituitary-adrenal axis which may be caused by lifelong stress, anxiety, and
depression may cause reduced cognitive reserve and cognitive function among older adults.
Hypertension
Hypertension can also impair neuronal health and contribute to reduced cognitive reserve
and thus cognitive impairment. Hypertension causes small-vessel cerebrovascular disease
that eventually form cerebrovascular white matter lesions, which is basically small localized
areas of damaged neuronal tissue (de Leeuw et al., 2002; Liao et al., 1996). Using MRI
scans in a sample of 1,920 older adults (Mage = 64; range = 55 – 72 years), Liao and
colleagues (1996) found that those with uncontrolled hypertension had statistically greater
odds of having white matter lesions compared to those with controlled hypertension.
Likewise, in a sample of 1,077 older adults (Mage = 51; range = 60 – 90 years), de Leeuw
and colleagues (2002) found that the amount of both subcortical and periventricular white
matter lesions were significantly correlated with the duration of hypertension. Furthermore,
those with uncontrolled hypertension were significantly more likely to have such white
matter lesions in both brain regions.
Oxidative Stress
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Oxidative stress refers to a vast array of aberrant cellular and molecular changes that
produce inflammation in tissues as a result of their contact with reactive oxygen species,
sometimes known as free radicals (Dröge & Schipper, 2007). Although the body needs
oxygen for survival, oxygen itself is corrosive and toxic to tissues; fortunately, the body
possesses a complex array of antioxidant defenses that minimize the putative effects that
these free radicals of oxygen exert on plasma cysteine homeostasis, brain calcium and iron
homeostasis, and mitochondrial DNA. Unfortunately, these antioxidant defenses become
less efficient with aging; this results in a progressive accumulation of these reactive oxygen
species detrimentally interacting with tissues in the body, including the brain, thus creating
oxidative stress (Asha Devi, 2009). In fact, it is widely held that brain aging, and aging in
general, is due largely to oxidative stress. Succinctly, free radicals of oxygen interact with
and damage DNA; over time, the damage accumulates resulting in a progressively degraded
genetic code that is used to replicate the tissues of the body. As the degraded genetic code is
used to produce these tissues, these tissues are degraded as a result – hence, aging occurs
(Dröge & Schipper, 2007).
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Oxidative stress in the brain has been studied extensively in rats and humans. Singh,
Kanwar, Sood, and Nehru (2011) examined the role of folic acid, an antioxidant, on rats. In
their study, rats in the experimental condition received 5 mg/kg body weight/day of folic
acid for 8 weeks; these rats were compared to same age rats in the control condition that did
not receive this antioxidant. Singh and colleagues found rats that received the folic acid
exhibited better performance on cognitive indices as measured by maze tests, passive
avoidance, and active avoidance. An examination of the rats’ brains revealed lipid
peroxidant, an index of aging, was lower in those supplemented with folic acid. Similar
studies with rats involving other antioxidants (e.g., blueberry, spinach, and strawberry
extracts) found similar benefits (Joseph, Shukitt-Hale, Denisova, Bielinski et al., 1999;
Joseph, Shukitt-Hale, Denisova, Prior et al., 1998). Such studies show that relieving
oxidative stress in the brain promotes better cognitive reserve and subsequent cognitive
functioning (Asha Devi, 2009).
The relationship between selenium, another antioxidant, and cognition was examined in
1,389 older adults (60 – 70 years). In this study, Akbarlay and colleagues (2007) conducted
6 waves of cognitive and biomarker data collection over 9 years. Controlling for a number
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of potential confounders using mixed logistic and linear models, they found that a decline in
selenium corresponded with a decline in cognitive functioning. They concluded that since
selenium levels decrease with age, perhaps this increases oxidative stress in the brain which
impairs cognitive reserve and cognitive functioning. Given these findings, antioxidant
supplementation is being vigorously examined to prevent cognitive aging and treat agerelated neurodegenerative diseases (Mandel, Amit, Weinreb, & Youdim, 2011; Pocernich,
Bader Lange, Sultana, & Butterfield, 2011).
Substance Use
In general, the prevalence of substance use declines with age (Moos, Brennan, Schutte, &
Moos, 2005). However, past and current substance use, particularly abuse, has well
documented effects on neurological functioning and cognition (Anstey, 2008; Kumar, &
Kinsella, 2010). Substance use also interferes with the role of glial cells in providing support
to neurons; this means that neurons are more vulnerable to other insults such as cortisol
toxicity and oxidative stress (Brown, 2009; Fields, 2009). In adolescence, alcohol and
substance abuse have been shown to negatively affect hippocampi volume and cognitive
functioning; this can place such adolescents at-risk in later life because they will have less
cognitive reserve (Medina, Schweinsburg, Cohen-Zion, Nagel, & Tapert, 2007).

Implications for Nursing Practice and Research
NIH-PA Author Manuscript

For many older adults, subtle cognitive declines are a normal part of aging; however, they
do not necessarily have to interfere with everyday functioning and quality of life. In fact, as
observed in this brief literature review, cognition is somewhat malleable and can be
augmented through the process of neuroplasticity. This has implications for nursing practice
and research.
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In practice, nurses and nurse practitioners can incorporate this information on
neuroplasticity and cognitive reserve in two ways: 1) addressing patients’ concerns and
complaints about cognitive aging, and 2) understanding how the symptoms of dementia
emerge. Many patients express concerns about their mental abilities as they grow older;
likewise, some may voice cognitive complaints in certain cognitive domains such as
memory, attention, and/or reasoning. Such concerns and complaints should be documented
given that these may be benign such as vitamin B12 (cobalamin) deficiency (Ballard, 2010;
Tangney, Tang, Evans, & Morris, 2009) which can be easily corrected or be an indication of
something more serious such as dementia. Obviously, monitoring cognition and possible
progression of cognitive decline should be documented in case a referral is needed (Vance,
Farr, & Struzick, 2008). Albeit, nurses and nurse practitioners can recommend ways to
promote positive neuroplasticity, reduce negative neuroplasticity, and thus facilitate
cognitive reserve and cognitive functioning. In doing so, patients can be empowered to
modify certain lifestyle factors known to benefit cognition.
Vance, Eagerton, Harnish, McKie-Bell, and Fazeli (2011) proposed an evidence-based
format whereby nurses can provide a behavioral approach to modify such lifestyle factors
with the goal of maintaining or improving cognition. In this cognitive prescription approach,
several areas known to influence cognition are targeted: nutrition, physical exercise,
intellectual exercise, social interaction, sleep hygiene, and positive mood (Vance & Crowe,
2006; Vance et al., 2010). In this holistic approach, motivational interviewing techniques are
used to determine what goals patients want to set for themselves in each of these areas; then,
patients are prescribed specific, observable goals in each area. For example, one patient’s
physical exercise goal may be to go for a 30-min walk three times a week, while her
intellectual goal may be to read one book a week. Using such cognitive prescriptions
represents a concrete way to help patients address concerns about their cognitive concern
J Neurosci Nurs. Author manuscript; available in PMC 2013 November 14.

Vance et al.

Page 8

and complaints while empowering them with a framework in which they may be able to
actually improve cognitive functioning, as well as other areas of their lives.
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Understanding how the symptoms of dementia emerge within the conceptualization of
cognitive reserve will also help nurses and nurse practitioners monitor patients’ progression
to dementia and help them explain it to patients, caregivers, and family members.
Specifically, as alluded to in the Roe and colleagues (2008) study (Section – Cognitive
Reserve), with greater cognitive reserve, the initial symptoms of Alzheimer’s disease are
delayed, even when amyloid plaques and neurofibrillary tangles are present because
alternative routes of neuronal communication can still occur which supports continued
cognitive functioning (Figure 1). Unfortunately, once such cognitive reserve reaches a
compromised threshold, as indicated by fewer or non-existent routes, neuronal
communication becomes inconsistent or ceases which results in poorer cognitive functioning
and eventually leads to intellectual failure (Stern, 2009).
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In research, there are several areas in which nurses in gerontology can investigate but three
areas of particular interest are: 1) cognitive remediation therapy, 2) the extent to which
cognition can be improved, and 3) the use of antioxidants such as hydrogen water. Cognitive
remediation therapy represents an exciting and emerging area of practice and research in
which either global cognition or specific cognitive domains such as reasoning or speed of
processing are targeted for improvement. Using the principles of neuroplasticity, older
adults are given a set of mental exercises to improve cognition (Vance & Crowe, 2006;
Vance et al., 2010).
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In a randomized, multisite, single-blind, control trial, Ball, Edwards, Ross, and McGwin
(2010) randomized 908 older drivers (65+ years) to one of four conditions: 1) memory
training, 2) reasoning training, 3) speed of processing training, and 4) no-contact control.
Those in the memory (n = 175) and reasoning (n = 145) conditions received ten hours of
practicing either memory or reasoning strategies and using these strategies in group and oneon-one exercises. Those in the speed of processing (n = 179) condition received ten hours of
computerized visual attention and speed of processing exercises designed to help them to
process visual stimuli faster. State records of motor vehicle crashes were examined for the
participants six years after enrollment. Controlling for several confounds (e.g, age, race,
mental status, education, vision, health, depressive symptomatology, and testing site),
participants in the reasoning and speed of processing conditions experienced approximately
50% reduction of at-fault motor vehicle crashes (per person-mile driven) compared to the
control group. Although memory training did not produce a detectable change in motor
vehicle crashes, this study did demonstrate that reasoning and speed of processing training
improves driving performance long-term, which has dramatic public health consequences
(Ball et al., 2010). Given the efficacy of this training in normal, community-dwelling older
adults, it may be warranted to test such cognitive remediation therapy in cognitively at-risk
adults such as those with mild cognitive impairment (i.e., a preclinical stage of dementia),
those with early stage Alzheimer’s disease, or older adults with HIV suffering from
neurological sequelae (Vance et al., 2010).
Fortunately, many of cognitive remediation therapies have been translated to computer
programs making them more accessible and affordable (Vance, McNees, & Meneses, 2009).
Despite the robust findings in the literature on the benefits of cognitive remediation therapy
(e.g., Ball, Edwards, & Ross, 2007), it is unclear to what extent such cognitive remediation
therapy can improve cognitive. For example, Kwok and colleagues (2011) found in a small
pilot (N = 24) study with older adults (range = 67 – 88) using memory training and cognitive
stimulation that some of these participants appeared to plateau in their cognitive
performance. Clearly, a certain amount of training will most likely improve cognitive
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performance. Ostensibly, a certain amount of training will most likely improve cognitive
functioning up to a point; what this ceiling for improvement is and what are its determinants
has yet to be examined. There are several factors that may limit the gains derived such
cognitive remediation including innate intelligence, genetics, the amount of insults to the
brain, and personality factors such as motivation; yet, this has yet to be studied in detail.
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Finally, in a recent advance, Gu and colleagues (2010) proposed that since the nervous
system consumes a great amount of oxygen and is vulnerable to oxidative stress, coupled
with an aging and impaired antioxidant defense system, this may be one of the driving
putative biomechanisms leading to reduced cognitive functioning in older adults. Therefore,
reducing oxidative stress is essential. In their study, Gu and colleagues gave some
senescence-accelerated prone mice hydrogen water; hydrogen water protects the nervous
system from such oxidative stress. Compared to the senescence-accelerated prone mice
given normal water, researchers found that the senescence-accelerated prone mice provided
the hydrogen water to drink for 30 days had increased serum antioxidant activity and
elevated brain serotonin levels; in addition, mice in the hydrogen water condition exhibited
better cognitive functioning, as exhibited by a water maze task, compared to the rats in the
control condition. Furthermore, after 18 weeks the mice provided with the hydrogen water
had better intact hippocampi compared to the mice given normal water. Since hydrogen
water is inexpensive to make, well-tolerated, and safe, this represents a novel approach to
protecting and ameliorating cognitive reserve in older adults. Obviously, more research must
be conducted to examine this exciting research vector.

Conclusion
As the number of older adults increases, healthcare providers will need to be aware of the
impact that even small declines in cognition can exert a negative impact on everyday
functioning and quality of life. Fortunately, evidence demonstrates that older adults can
experience cognitive benefits from intellectual exercise, health promoting behaviors, and
cognitive remediation therapies. Although such evidence suggests that cognitive reserve can
be increased in later life, it is equally important to focus on increasing cognitive reserve
across the entire lifespan in order to better increase the chances of successful cognitive
aging.
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Figure 1.

The interaction of environmental press on positive and negative neuroplasticity.
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Figure 2.

Cognitive reserve and cognitive functioning.
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