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Introduction

Cognition is one of the most important abilities as a human, with it we’re able to learn new things, make decisions, communicate via language and remember important events in our lives. Without our cognitive abilities we would not be able to function as humans. Many age related changes contribute to cognitive decline, for example Raz and colleagues (2005) reported pronounced longitudinal decreases in gray matter volume, which could reflect losses in connectivity (reduced dendritic and synaptic density). 


(Backman, Nyberg, Lindenberger, Li, & Farde, 2006) ADDIN EN.CITE  reported an age-related reduction in concentration of neurotransmitters, specifically dopamine, and their receptors. These mechanism help explain the challenge of older adults to avoid decline in cognitive abilities. Aging however, is strongly dependent on the interaction between the individual and the environment; it is not clearly understood whether aging is environmental or biological. Although there is noted change in some of our cognitive abilities such as working memory, and reasoning, our general knowledge and ability to learn can remain in tact, which can help compensate for age-related changes. (Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003)
Our aging population is growing faster than ever, by 2050 the oldest-old (>85) are expected to reach up to 35% of the US population (AOA, 2009) and they are already proving to be very costly on the United States economy. Older Americans currently make up 12% of the population but still account for 40% of all emergency responses and 90% of nursing home residents, delaying the onset of dementia by 1 year could reduce annual cases by up to 9.2 million. (Institute of Medicine Report, 2008)
Fitness has been touted as an alternative to age related decline in cognitive abilities. (S. Colcombe & Kramer, 2003) Strength training, cardiovascular activity and an active lifestyle all have shown contributions to healthy brain aging. In addition to physical fitness, motor fitness has shown to have positive effects on cognition and executive function in old age (Voelcker-Rehage, Godde, & Staudinger, 2010). 

Personal trainers are often provided with the skill set to create organized fitness plans from strength and conditioning perspective but are often neglected of how to properly progress tasks ranging from simple to complex. Using principles from motor learning I will teach personal trainers how to use Gentile’s taxonomy to identify appropriate tasks and cognitively challenge their clients.
Aging 

As we age it has been shown that bodily functions start to decline at a rate of two percent per year after the age of 30 (Pyron, 2003). In a cohort study 


(Sachdev, et al., 2010) ADDIN EN.CITE  that looked at over 1000 community-dwelling individuals in between the ages of 70-90 years of age, most (95.5%) of the participants on their informants identified a cognitive difficulty and 43.3 percent had impairment on at least one neuropsychological test.
As we age, the risk for dementia becomes more prevalent. The incidence of dementia increases exponentially with age between the ages of 65-90 and doubles approximately every 5 years 
 ADDIN EN.CITE 
(Corrada, Brookmeyer, Paganini-Hill, Berlau, & Kawas, 2010)
. Dementia is characterized by the loss of or decline in memory and other cognitive abilities. It is caused by various diseases and conditions that result in damaged brain cells. 
The most common type of dementia is Alzheimer’s disease, which accounts for an estimated 60-80% of cases. Difficulty remembering names and recent events is often an early clinical symptom; apathy and depression are also often early symptoms. Later symptoms include impaired judgment, disorientation, confusion, behavior changes and difficulty speaking, swallowing and walking. (Alzheimer’s Association, 2010). 

The older population is growing faster than ever, adults aged >65 had reached 38.9 million in 2008, which is an increase of 4.5 million or 13% since 1998 (AOA, 2009). The number of Americans aged 45-64 who will reach 65 over the next two decades – increased by 31% during this decade and will have an average life expectancy of an additional 18.6 years (19.8 for females and 17.1 for males) beyond that. The population of 65 and older will increase from 35 million in 2000 to 40 million in 2010 and then 55 million in 2020 (AOA, 2009). People aged 90 years and older are considered the fastest growing group in the US population. As of 2007, there were approximately 2 million, which is expected to increase to 8.7 million by the middle of the 21st century 
 ADDIN EN.CITE 
(Corrada, et al., 2010)
. 
In 1975 a population study was used to estimate short-term (10 year), an intermediate term (20 and 30 year) and lifetime risks for Alzheimer’s disease, as well as overall risk for any dementia. A cohort group of nearly 2800 people who were 65 years of age and above were followed for 29 years. The authors estimate that between years 2010 and 2050 the oldest old (85 years and above) are expected to increase from 29.5 percent of all older people in the US to 35.5 percent. Although modest, this means an increase in 17 million people of the oldest-old, individuals who will be at a high risk for developing Alzheimer’s (Alzheimer’s Association, 2010). 

They also found that women were at a significantly higher risk than men for all forms of dementia, more than 20% of women reaching age 65 ultimately developed some form of dementia (Seshadri et al., 2006). These findings have been backed by other studies, which suggest that women may be two to three times more likely to develop Alzheimer’s than men, with 50-70% of women over the age of 80 affected (Birge, 1996). It is believed that one of the mechanisms behind cognitive decline in women is hormone related. In the Women’s Health Initiative Memory Study 


(Shumaker, et al., 1998) ADDIN EN.CITE , they randomly assigned hormone replacement (HRT) therapy to see if HRT reduces the incidence of all-cause dementia in women aged 65 and older. They found that the intervention provided more than 80% statistical power to detect a 40% reduction in the rate of all-cause dementia.

Economic Impact of Aging

Due to a sharp increase in the older population, coupled with an increasing risk for dementia as people age, it is projected that there will be significant impact on our economy if appropriate interventions are not developed to delay and or prevent the onset of dementia. Older Americans represent approximately 12 percent of the population. However, they comprise 26 percent of physicians office visits, approximately a third of all hospital stays, a third of all prescriptions, nearly 40 percent of all emergency medical responses and 90 percent of nursing home residents, according to the National Academy of Sciences (Institute of Medicine Report, 2008). In 2009, the estimated economic value of the care provided by family and other unpaid caregivers of people with Alzheimer’s and other dementias was 144 billion (Institute of Medicine Report, 2008). Another study showed that the cost for business paid an additional 24.6 billion for health care, long-term care and hospice for people with dementia (Koppel, 2002). It has been estimated that if current interventions could delay both the onset and progression of dementia by 1 year, there could be nearly 9.2 million fewer cases of disease by 2050 (Liu-Ambrose & Donaldson, 2009). 
The Aging Brain

“The brain is the principle integrative area of the nervous system. It is the location where memories are stored, thoughts are developed, emotions are generated, and complex control or motor behaviors is performed” (Gabbard, 2008). Aging is the diminished capacity to regulate the internal environment, which results in the reduced probability of survival (Gabbard, 2008). There can be many individual differences in aging of the brain including the loss of neurons, which is generally accepted as a part of the aging process (Gabbard, 2008). It is estimated that we can lose anywhere from 5-30% by old age, this can amount up to 7% of its total weight, compared to when we are younger adults (Gabbard, 2008). In addition to naturally losing neurons throughout one’s lifetime, the neurons themselves can experience changes over time and can gradually shrink (Gabbard, 2008). 
Aging Theories

Cell Death - Until recently, it was well accepted that neuron death was an inevitable result of normal aging. This was established by way of a few influential papers in the 1950’s that demonstrated significant neuron death in aged humans (Brody, 1972). Their data suggested that most neocortical areas and certain hippocampal subfields lose up to 50 percent of their resident neurons with age. As science has improved and more accurate procedures for counting neurons has emerged since the 1950’s, these techniques have illustrated and led to the conclusion that age-related decline in neuron number through neuron death is not significantly involved in normal aging, at least with respect to the neocortex and hippocampus (Morrison, 1997). In 1987, Haug found that shrinkage of cells rather than cell death seems to be the major phenomenon in brain atrophy (Haug, 1987)
Genetic Theory – Genetic Theory suggest that aging is in our DNA and that we have proliferative and antiproliferative genes that, provide checks and balances of our biological systems. (Gabbard, 2008) Once our antiproliferative genes become more active, regression develops. 

The Wear and Tear Theory – This simply states that our bodies where down over time as a result of wear and tear, for example sunlight or hard work. To the contrary, vigorous exercise is a factor in predicting longer, not shorter life.
Immune Systems Theory – Our bodies ability to fight infection over time becomes diminished and our ability to differentiate materials that we need or do not need, which could cause the body to attack itself.
Hormonal Theories – Our thymus gland, which is responsible for immune function can atrophy over time, this can be associated with a decline in functioning of certain immune cells
Age Related Cognitive Decline

Attention

“Attention is the state of selectively processing simultaneous sources of information” (Bear, Connors, & Paradiso, 2007). There are many different types of attention that play our role in our day to day lives, for example we can have divided attention, which is our highest level of attention, and it refers to our ability to respond to multiple tasks simultaneously. For example, having a conversation, driving a car, and changing the radio station all at the same time. As we age our ability to divide our attention can become compromised. (Maciokas & Crognale, 2003) showed that in comparing young to old in competing tasks there was not a significant difference, but as the difficulty of the task increased, they found younger persons fared better (Gabbard, 2006). We also have selective attention, which our ability to pay attention to what we want, for example, the cocktail party is often used as an analogy to explain selective attention, with so many distractions going on, how do we pay attention to one particular conversation. As we age we age our ability to tune out information becomes increasingly difficult (McDowd & Filion, 1992).

Short-Term Memory

Working memory or short-term memory is generally defined as the preservation of information while simultaneously processing the same or other information (Salthouse, Babcock, & Shaw, 1991). An example of this is trying to do a math problem in your head, (Salthouse, et al., 1991) first you must process a set of operations and then store them, once you have information stored you move on to the next set of operations and then grab from your temporary storage and bring it back to process again. (Salthouse, et al., 1991) found that increased age is associated with progressively lower performance on tasks designed to assess working memory. Specifically they saw large correlations between measures from computation span and listening span tasks, which are common working memory tasks(Salthouse, et al., 1991). The reason for this short-term memory loss may be attributed to age-related changes in the brain (Rypma & D'Esposito, 2000), more specifically the prefrontal cortex (PFC). This reduction in neural efficiency, could be the reason that our ability to retrieve information in the brain slows down (Rypma & D'Esposito, 2000).

Long-Term Memory

Long-term memory (LTM) is our ability to take information, store it in our working memory and rehearse it. If rehearsed enough this information can get transferred from our working memory to our LTM. Although we know that there is age-related decline in long-term memory 
 ADDIN EN.CITE 
(Bucur, et al., 2008)
, why this happens is still not exactly clear. In age related disorders, such as Alzheimer’s there are clear pathologies that affect our LTM 
 ADDIN EN.CITE 
(Charlton, Barrick, Markus, & Morris, 2010)
. Craik & Byrd (1982) proposed that age-related declines in memory were caused by a decrease in “mental energy” or processing resources. Other theorists have suggested that how fast we process information and how we store information in the short-term (working memory) can contribute to our LTM abilities (Park & Gutches, 2005). Lastly, it is possible that physical structures in the brain responsible for LTM, such as the hippocampus, lose their ability to communicate effectively with other parts of the brain (Park & Gutches, 2005).  
Processing Speed and Movement Time

Processing speed is how fast we can process information, this happens daily in our lives and is essential to our survival, for example when driving, you must process that there is a car stopping short in front of you and you need to put your foot on the brake. How quickly you’re able to put your foot in the break can be defined as Reaction Time (RT). Reaction time is the interval of time between the onset of stimulation and the initiation of a motor response (Gabbard, 2008). As we age our ability to process information and react to it declines (Gabbard, 2008).  (Kolev, Falkenstein, & Yordanova, 2006) did a study looking at the motor response time in reaction tasks in young vs. old. The subjects were presented with 4 different letters either auditory or visual and each letter required a motor action with their left middle, left index, right middle or right index finger and found that response time in the older adults was slower than their younger counterparts. The authors simultaneously used an Electroencephalogram Test (EEG) during the motor output to evaluate specific stages of information processing, they believed this would explain the mechanisms behind the slower response time of the older adults. What they found was that there were aging-related delays in early stages of stimulus processing, which could be the reason for a slower motor output.
Fitness, Aging, and Cognition

The study of the relationship between fitness, aging, and cognition dates back several decades to some of the pioneering research of Spirduso (Spirduso, 1975; Spirduso and Clifford, 1978). They found that older athletes in general performed better in a variety of cognitive tasks, such as reaction time and movement time tasks then older non-athletes. This helped lay the groundwork for identifying the relationship between exercise and cognition.
Recently there has been a great deal of interest in physical activity and its relationship with preserving cognitive ability. Epidemiological studies that have been reported in the past decade have shown that physical fitness has emerged as a critical factor in maintaining cognitive abilities (Kramer & Erickson, 2007). Many of the results of human and animal studies have shown positive results, while others have been mixed. This could be due to a variety of factors, for example sample size, training modalities, interventions, etc. 

Since the 1960’s three different meta-analyses have examined physical activity and it’s relationship with cognition. 
 ADDIN EN.CITE 
(S. Colcombe & Kramer, 2003; Heyn, Johnson, & Kramer, 2008; Netz, Wu, Becker, & Tenenbaum, 2005)
. (Kramer & Erickson, 2007) did meta-analyses on all three meta-analyses and examined the relationship between exercise and cognition and found that there was a significant, robust effect of fitness training on cognition. They found the largest overall in benefit on executive control in the exercisers vs. the control, performing better in specific tasks such as planning, scheduling, working memory, multi-tasking and attention. They also found that those who participated in multiple modalities saw the largest cognitive benefits. 

Resistance Training

Resistance training is not only beneficial for building muscle and heart strength, it has also shown to be beneficial on cognitive function; many different studies have explored different intensities, group exercise, and the relationship between hormonal response and cognitive abilities. (Cassilhas, et al., 2007) designed a study that compared moderate intensity (50% of their 1 repetition max) vs. high intensity (80% of their 1 repetition max) and found that both groups tested better than the control group in many cognitive tasks but the moderate intensity tested better on their overall mood scores. It’s possible that for the older adults working out at 50% benefited from some cardiovascular adaptations, which have been known to stimulate dopamine receptors, which can lead to an improvement in overall mood. (Kubesch & Spitzer, 1999)
The relationship between Insulin Growth Factor (IGF-1) and cognition has been suspected of having an inverse relationship. 
 ADDIN EN.CITE 
(Arwert, Deijen, & Drent, 2005)
 Did meta-analyses to try and determine if low IGF-1 correlates with impaired cognitive function and they were able to conclude that there is a positive correlation. It is suggested that IGF is an important regulator of neurogenesis in the adults and aging hippocampus, which is responsible for the storage of LTM. 

Cardiovascular Training

Cardiovascular training compared to other forms of training has been recognized as the most impactful on cognitive abilities in aging adults (Kramer & Erickson, 2007). (Dustman, et al., 1984) took a group of sedentary older adults and tested a variety of cognitive functions such as memory, attention and reaction time and found that the aerobically trained group for four months significantly improved on all tasks. The authors believe these changes can be due to overall increase in oxygen uptake (Vo2max). As oxygen in the brain increases, this could result in improved neuropsychological function because of the increased turnover of neurotransmitters, which are dependent on oxygen. (Dustman, et al., 1984)
Another theory as to why aerobic exercise has a positive effect on cognition is an increase or maintenance of brain volume as a result of physical activity 


(S. J. Colcombe, et al., 2006) ADDIN EN.CITE .  Our brain matter plays an important role in communication amongst a complex network of neurons. Colcombe et al., (2006) looked at 59 healthy, sedentary subjects (ages 60-79) and divided them into an aerobic group vs. a non-aerobic group (stretching and toning) and took MRI imaging of their brains after a 6-month fitness program. At the end of the 6-month program, they found that the exercise group saw significant increases in brain volume and no changes for the stretching and toning group. These findings confirm that exercise has a profound effect on the brain’s structure and can help preserve neuron survival, growth of capillaries, and increased dendritic spines. 


(S. J. Colcombe, et al., 2006) ADDIN EN.CITE 
Activity of Daily Living

Physical exercise is not the only way to gain mental health benefits, maintaining an active lifestyle has also shown to be beneficial in aging adults. 
 ADDIN EN.CITE 
(Barnes, et al., 2008)
 did a study on 2736 women in their 80’s and assessed “daytime movement” or regular activities that one would do during the day, such as brushing your teeth or walking around, cleaning etc. They administered two cognitive function tests: the Trail Making Test part B (Trail B) and the Mini-Mental State Exam (MMSE) and found a direct correlation between daily activity and cognition, more specifically, women who moved their wrist more often had stronger performance on the trail B task, which tests for attention, sequencing, visual scanning, executive function. switching  attention and executive function. On the MMSE, which tests for global measurement of cognitive functioning, then women who moved the most scored 32% lower on the MMSE.  The authors speculate that the mechanism behind this relates to vascular health, in the study it shows that a more active lifestyle is associated with a lower incidence of cardiovascular related disorders such as hypertension, diabetes, and stroke. 
 ADDIN EN.CITE 
(Barnes, et al., 2008)

Neuroplasticity

Loss of neurons was thought to be irreversible in the adult human brain until a ground breaking study in 1998 by Erikkson and his colleagues, their study demonstrated that cell genesis occurs in human brains and also retains the potential for self-renewal throughout life. This shows that are brain has the ability to regenerate and rewire itself, this has been shown in stroke patients who often lose function of a limb due to cell death in the brain. One of the mechanisms believed to be responsible for this is the ability of new structural and functional circuits in the brain can form through remapping between related cortical regions. 
 ADDIN EN.CITE 
(Murphy & Corbett, 2009)

Damage to the prefrontal cortex (PFC) can debilitate basic cognitive functions such as working memory and attention. 


(Voytek, et al., 2010) ADDIN EN.CITE  hypothesized in a case study that “cognitive recovery in patients with unilateral PFC damage would be supported by flexible and dynamic compensatory contributions from the intact frontal cortex” this means that the healthy part of the brain can adopt the previous function of the opposite side of the brain. They looked at working memory and attention while evaluating brain activity via EEG and found that the intact, non-lesioned hemisphere was able to dynamically compensate for the damaged part of the brain. 

The brain can naturally rewire itself as a result of neuroplasticity, in addition to that the brain can make more significant changes when interventions or training protocols are in place to challenge the relationship between the individual and the environment. (Carlson, et al., 2009) did a study on a group of at risk adults and looked at neuroplastic changes as a result of increased functional activities in the community that involved interpersonal communication, cognitive demand and hand-eye coordination. They found that the group that increased their activity exhibited measurable brain plasticity in direct response to an enriched environment, this provides evidence of the brains ability to create plastic changes and reactivate skills that may have been relatively unused for years or even decades. 
Safety First

When training your older clients to promote health and safety is the number 1 recommendation, pulled muscles and sprained ankles are frequent injuries that occur during exercise, in addition to that there is a small risk for heart attack (Pyron, 2003). Certain medical conditions can increase your risk for serious injury during exercise as well. With proper exercises, progressions, and warm-up, the rate of injury can markedly decrease. For aging population, American College of Sports Medicine (ACSM) ("Physical activity and public health in older adults: Recommendation from the American college of Sports Medicine and the American Heart Association (ACSM/AHA)," 2007) recommends moderate-intensity aerobic physical activity of 30 minutes, five days a week or vigorous exercise for a minimum of 20 minutes, 3 days a week. For muscle strengthening activity they recommend strength training for a minimum of two days each week ranging from 8-10 exercises and 10-15 repetitions for each exercise. 

Motor Learning

Staying active, exercising and staying mentally engaged have all been recognized as precursors for mental health. Although exercise has well known mental benefits, it’s critical that we provide an optimal learning environment for our clients in order to optimize plastic changes in the brain. If we challenge our clients too much there is a potential for minimal learning and if we challenge them too much there is a potential for minimal learning. It’s critical that we identify what the right starting point for them is and how we progress from there. 

(Carey, Bhatt, & Nagpal, 2005) did a review comparing the effects of repetitive execution of simple motor tasks versus complex motor tasks involving in-depth cognitive processing to promote nueroplastic changes. In a rodent study they found that when rats were required to think during exercise, there were 25% greater synaptic density in the cerebellar cortex. This suggests that information process in conjuction with motor learning is superior. In a human model they examined the effects of complex vs. simple motor tasks in novice piano players and found that there was greater brain activity and stimulation in the group that was more cognitively challenged during the task. 

Challenge Point Framework

Practice is generally considered one of the most important variables for permanent improvement in a motor skill (Adams, 1964), for years now researchers have been looking at how to optimize the potential for learning. (Guadagnoli & Lee, 2004) presented a theoretical perspective called the challenge point framework that conceptualizes the effects of practice variables. According to the challenge point framework learning is directly related to the information available and interpretable to the performer. Information represents a challenge to the performer and when information is present, there is a potential to learn from it. 

The challenge point framework goes beyond contextual interference in that it looks at one’s ability to process information, and that there is a point in acquiring a new skill that information can be detrimental to one’s learning curve. For example, in a gym setting when working with a novice on a particular exercise the optimal challenge point is very low and if provided too much feedback, the learning process can easily be retarded.

On the other hand an expert who has greater experience with a particular task is going to expect to have success with a given task, irrespective of the difficulty. The reason for this is that they have had more practice, practice leads to redundancy, less uncertainty and ultimately reduced information.  This is why the amount of feedback is so critical in mastery of a skill. The challenge point framework suggests that for tasks of high difficulty, more feedback and knowledge of results will yield the largest learning effect, however for lower difficulty tasks, less frequent feedback or knowledge of results will yield the largest learning effect.
Gentile’s Taxonomy

Gentile developed a taxonomy that enables the clinician to consider the appropriate progression for a performer by taking into account the environment and the performer. The two dimensions of the environment are open and closed, a closed skill is defined by the environment remaining unchanged throughout the repetitions or trial of a given task, on the other hand a skill is considered open if the environmental conditions change throughout a task, for example playing catch with someone, the path of the ball can change with each throw. 
For the performer the two primary variables to consider are body stability and body transport, simply put, is the performer moving or not during the task. Next thing to consider is whether or not there is object manipulation during the task. Given all these variables a taxonomy containing 16 boxes maps out a progression from the most novel tasks to the most complex tasks, for example if the environment is stationary with no inter-trial variability and the body is stable with no object manipulation, the cognitive demand of this task is extremely low and would be suitable for a beginner. On the other hand if the environment is in motion with inter-trial variability and the body is in transportation with object manipulation, this would prove to be a very difficult task.

Conclusion
In the United States our aging population is rapidly growing, and with that our risk for incidences of dementia are growing as well. This not only causes immense cognitive challenges for the individual making it difficult for them to maintain their independence, it also proves to be very costly on family members and businesses and US taxpayers. As we age, almost all of us experience some sort of cognitive decline 
 ADDIN EN.CITE 
(Sachdev, et al., 2010)
, specifically in areas such as memory, attention and information processing. Exciting findings in the last 50 years have shown that exercise can help preserve and improve human cognition, resistance training, cardiovascular training, and active lifestyle have all shown to have positive effects. 

In working with the older population and maximizing their opportunity for neuroplastic changes, motor learning principles can be applied to improve their functional ability. Function and cognitively challenging physical tasks for repetitive simple tasks have shown to be more effective in improving cognitive function in older adults (Carey, et al., 2005) Challenge point framework and Gentile’s taxonomy can be used to optimize the relationship between information and the learner, which has been shown to be critical in learning new skills. 

My recommendation for further research would be to evaluate the relationship between cognitive challenge of a physical task and cognitive abilities in aging population.
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