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Abstract

Cognitive decline is a natural consequence of aging; regardless of health status. Symptomatic of
cognitive decline with age is a general decay in a variety of areas, such as executive function,
processing, language, fine motor skills, and various types of memory. This is termed age-related
cognitive decline. There have been many attempts at slowing down or reversing the effects of
age related cognitive and physical decline. Some of the different approaches reviewed in this
paper include increased physical activity, eating a particular diet, and/or cognitive training. The
brain has a lifelong capacity for plasticity and adaptation, which implies that ‘reversal’
approaches should be able to at least partially restore cognitive functioning, memory and
therefore, the quality of life in healthy older adults. Even after age related natural brain decline,
specifically designed strategies should be able to (re)train the brain and reverse cognitive decline.
Results from studies addressing each of these strategies are reviewed and discussed. The studies
provide insight and evidence as to how cognitive training, exercise, and dieting/nutrition are all
promising non pharmaceutical and implementable ways to improve overall cognition and prevent
neurodegenerative diseases in healthy older people. The analysis presented in this paper also
recommends that the legacy variable of ‘linear age’ be replaced by the quantifiable variable of
‘cognitive age’ in any future studies which correct for age, so as to arrive at true age independent
results.
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Introduction

Although no one wants to get older, aging is an
inevitable development. Aging results in a
decline in physical health, mental health, and
cognitive health. There is yet no way to reverse
aging. It is estimated that in 2023, every 1 in 6
persons will be over the age of 60 (1). This
large increase elderly population is
accompanied by age-related cognitive decline,
which can be characterized by a deterioration
in the attributes of thinking, memory, language
and judgement, among others. Cognitive
decline has become a leading cause of mental
disability in the elderly. It is estimated that 55
million people currently live with dementia,
and 10 million people are diagnosed yearly,
causing it to be the 7th leading cause of death
in the world (2). Though not all age-related
cognitive decline leads to dementia, the process

in

of cognitive decline increases the propensity
for neurodegenerative diseases and mental
disorders.

While there is, again, no cure for aging, there
are many ways to protect against cognitive
decline and its related diseases. As the number
of elderly individuals grow, so does the need to
determine how to delay cognitive decline. This
topic of delaying and/or decreasing age-related
cognitive decline has attracted interest of late,
and there has been much research done which
focuses on taking advantage of the plasticity of
the brain and its ability to adapt. Recent
advances in medical imaging techniques have
helped to show that the brain does, indeed,
have lifelong plasticity, even in the case of
advanced age and dwindling
physical health, though plasticity at this stage is
significantly decreased than that in younger,

extremely
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healthier individuals (3,4). The goal is to
increase plasticity in those with advanced age
using a number of possible techniques.

Overview

This review will evaluate some of the popular
approaches towards the issue of age-related
cognitive decline and the most promising ways
to increase neuroplasticity. Many daily
activities, such as physical exercise and brain
stimulation are thought to increase brain
plasticity, and adherence to a healthy diet may
also decrease or slow cognitive decline. This
review will present a discussion of studies and
clinical trials of each method, emphasizing
their results and efficacy. Finally, there will
also be a discussion of the ways to apply the
results of this paper to elderly persons who are
at risk of cognitive decline.

Cognitive training

Cognitive training, which usually takes the
form of a stimulating activity designed to target
one or more specific cognitive functions, (5,6)
is one of the potential ways to decrease
cognitive decline. From video games to solving
crosswords, cognitive training includes a broad
range of activities (7). Despite the many
different types of cognitive training, studies
show that most forms of cognitive stimulation
are associated with increased brain plasticity
and a resulting improvement
executive functions (8).

in various

Puzzles have been used for a long time as
cognitive training tools, and the impact of
puzzles has been supported by results from
multiple studies. In a study conducted by Li et
al. (9) focused on cognitive reasoning and
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processing by using various puzzles, 70 healthy
participants between the ages of 65-75 were
recruited, split single-
domain, and control groups. The multi-domain
group focused on memory, reasoning, and
problem solving, while the single-domain
group targeted exclusively reasoning. The
study used time-domain entropy and functional

into multi-domain,

entropy to quantify neuronal activity. Entropy
can be used to measure the degree of
uncertainty in a probability distribution. Both
types of entropy improved with training, and
there were correlations between changes in
entropy observed for regions such as the
hippocampus and improvements of cognitive
performance. More studies have assessed the
effect of puzzles on global visuospatial
cognition (10,11), as measured by pre test and
post test scores on eight visuospatial cognitive

ability attributes. Most show a positive effect.

Often more popular than general cognitive
training, is computerized cognitive training,
especially now, in the technology age. Video
games, computerized tasks, and virtual reality
are all forms of computerized cognitive
training that have the potential to increase
neuroplasticity. Research shows that
computerized training has a positive impact on
brain health (12-17). Computerized training
significantly improved older adults’ scores on
the Repeatable Battery for Neuropsychological
Status (RBANS) Auditory Memory/Attention
test, demonstrating that they improved in the
subset measures of memory and attention (12).
The RBANS is a screening test that examines
attention, language, visuospatial abilities, and
memory (18). Computerized cognitive training
also resulted in an improvement in trained tasks
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such as the Pearson’s Cogmed Working
Memory trained task and in untrained tasks that
depend on working memory and processing
speed (13). The Cogmed trained tasks measure
attention and working memory (14).
Significant improvement was also seen in the
performance of five neuropsychological tests,
Trail Making Test Part A and Part B, Digit
Symbol, Controlled Oral Word Association
Test and Semantic Fluency. Computerized
cognitive training has also been shown to
improve mental health, specifically in reducing
anxiety, as shown through a decrease in anxiety
symptoms (15), and scoring lower on the GAI

(Geriatric Anxiety Inventory) after training

(16).

The studies discussed above typically
comprised of smaller sample sizes. Ball et al.
conducted a study with nearly 3000 healthy
elderly aged individuals between 65 and 94
years (a three decadal age difference). The
participants were enrolled into 6 field sites
across the United States in 4 groups (19). After
normalizing for age, gender, education level,
and marriage status, subjects were randomly
assigned to four groups, each undergoing a
different form of training (memory training,
reasoning training, speed-of-processing
training and no-training (control)). Over 5-6
weeks, interventions were conducted in small
group settings in ten 60—75-minute periods.
The Speed of processing training was the most
successful, with 87% of speed-of-training
participants demonstrating measurable
cognitive improvement. Several follow up
studies were performed (20,21), to determine
the effect of the treatments after five and ten

years. Willis and others (20) concluded that,
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after five years, various cognitive training
treatments maintained their intended effects on
cognitive abilities such as memory, reasoning,
and speed of processing. With additional
training after 11 and 35 months, the results
showed additional improvement. In a similar
study conducted by Rebok et al. (21), however,
it was found that after ten years, memory
training effects were no longer maintained,
except for effects obtained from reasoning and
speed of processing interventions. Therefore,
the duration of the effects of cognitive training
are, as yet, undetermined, although anecdotal
evidence argues for long-term lasting
decelerating effects of cognitive training on
age-related cognitive decline.

The overall findings of these studies are that
training, both  general and
decrease

cognitive
computerized, age-related
cognitive decline. Cognitive training often
targets one specific cognitive domain, typically
memory, attention, processing speed, and/or
language.

can

Physical training and exercise

There are many studies that demonstrate how
exercise and physical training benefit and
protect the human mind in multiple ways (22-
28). Some studies also demonstrated a positive
correlation between brain plasticity and
physical training (29,30). Other than brain
health, exercise is also a way to maintain
physical health, and maintaining good physical
status has been known to lower the probability
of contracting metabolic disease, diabetes (31),
cancer (32), cardiovascular
diseases (33). This results in increased general
well-being.

and various
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Low impact exercises such as walking, Pilates,
Yoga and Tai chi are likely the most elderly-
friendly exercises, because they do not require
strenuous physical effort and yet provide
meaningful cardiovascular priming. Not only
are they safer, but they also provide positive
cognitive benefits.

Tai chi is a form of Chinese martial art that
involves slow, gentle movements. Tai chi also
controls breathing and state of mind, along
with balance, thereby demonstrating its benefit
on many parts of the human body. Supporting
this notion, a meta-analysis by Wayne et al.
(34) involving twenty studies and a total of
2553 participants found that in cognitively
healthy elderly adults, tai chi showed potential
to enhance executive functioning. Similarly,
Liu et al. (35), compared 33 studies with a total
of 1808 participants. Improved scores were
found on the Montreal Cognitive Assessment
Scale, Mini-Mental State Exam (MMSE), and
Trail Making Test Part-B cognitive function
tests.

Another form of low impact exercise is Yoga.
Yoga is a type of exercise that includes
physical, mental, and spiritual attributes. It
originated in ancient India (36). It has been
shown to play a key role in strengthening
memory, awareness, and learning (37).
Hishikawa et al. (38) tested a total of 385
subjects who participated in a 12-month
exercise program. They found that Yoga, when
included with other exercises improved the
mean scores obtained on multiple tests of
cognitive function, as well as improving
physical functionality. Gothe et al. (39)
reviewed 11 studies that sought to determine
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the effects of Yoga on brain structures, and
after assessment using MRI, fMRI, and
SPECT, concluded that Yoga demonstrated a
positive effect on the function of the
hippocampus, amygdala, prefrontal cortex, and
cingulate cortex.

Aerobic exercise has been shown to have a
positive impact on cognitive health (40,41).
This form of exercise works the cardiovascular
system; the heart rate and breathing rate
increase during aerobic activities. Aerobic
includes activities like jogging,
swimming, or cycling (42). The Centers for
Disease Control and Prevention (CDC)
recommend 150 minutes of moderately intense
aerobic activity per week for adults 65 and
above to stay healthy (43).

exercise

Dustman et al. (44) studied the effects of an
aerobic exercise program, including strength
and flexibility exercises, versus subjects who
did not exercise. It was found that aerobic
exercise increased cerebral metabolic activity,
with  participants  scoring  better  on
neuropsychological tests than their control
cohort counterparts. Miyazaki et al. (45)
studied 88 cognitively healthy older adults,
placing them into a walking, dance, or control
group. Both the walking and dance programs
improved neurological functions of
participants, with dance training being even
more effective.

Aerobic exercise has also been shown to
promote brain plasticity in older adults.
Colmenares and others studied the effect of
aerobic exercises, including walking and

dancing interventions, on white matter in
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healthy older adults (46). They measured the
differences using MRI imaging, and found that
there were positive changes in the late-
myelinating Myelination is the
forming of a myelin sheath around a nerve,
which allows for improved conduction and
cognitive function (47). The hippocampus and
amygdala are included in the late-myelinating

regions.

regions.

While aerobic exercise is helpful for improving
circulation, resistance training 1s another
beneficial type of exercise that focuses on
building and strengthening muscles (48). There
are, however, less studies that sought to
determine the effects of resistance training on
older adults, likely because this king of training
is too strenuous for the elderly. Resistance
training has been studied for its potential
benefits towards cognitive processing (49) and
memory (50). For example, in a 12-month
randomized controlled trial, Liu-Ambrose and
others (49) studied 155 elderly women who
either resistance trained once a week, twice a
week, or balance and tone trained in the control
group. Compared to the control group, the
resistance training groups improved their
performance on the Stroop Test, demonstrating
improved cognitive processing and selective
attention. Coelho et al. (50) studied the effects
of resistance training along with combined
resistance and power training on 45 healthy
older women. They found that resistance
training and combined training both resulted in
overall improvements in cognitive function and
short-term memory. However, these studies
only followed women and it is unclear if the
same benefits could be accrued by men.
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For more conclusive studies that support the
benefit of resistance training, some reviews and
meta-analyses were also found in the literature.
Cheng and colleagues (51) performed a meta-
analysis on 257 studies and found that
resistance exercise did have a beneficial effect
on brain function, and could delay cognitive
degradation attributes such as memory and
attention decline. In another systematic review,
Herold et al. (52) analyzed 18 studies, finding
evidence that resistance exercises and training
showed improvements in executive functions,
and led to lower white matter atrophy.
Similarly, Li et al. (53) compared 12 articles,
and found that resistance training had positive
effects on executive function, but did not
significantly affect memory and attention. They
did, however, state that further studies were
needed to assess the development and
application of resistance training. A systematic
review and meta-analysis by Falck and others
(54) that included 48 studies found that
exercise induced a positive effect on cognitive
function. The overall conclusion was that
resistance training may improve executive
functions of the brain in healthy older people.

Other than simply seeking to determine how
different exercises benefit cognitive health in
healthy older adults, it is also important to
determine which type of exercise and how
much exercise has the most positive effect.
Gallardo-Gomez et al. (55) reviewed the
optimal amount (dose) and type of exercise to
improve cognitive function in older adults.
After examining 44 studies, they concluded
that there was no minimal dose of exercise for
beneficial effect, and that low doses of
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exercise; especially resistance training; still
improved cognition in older adults.

Combining physical exercise with cognitive
training is another potential treatment for
improving cognition in healthy older adults.
There are many studies either comparing one of
the treatments or both (56,57). Brinke et al.
(58) studied the effects of cognitive training
with and without physical training on
cognition, and found that though there were no
significant differences in memory, the exercise
and cognitive training group's results improved
significantly in the Stroop test and others
designed to assess physical and neurological
health levels. Castafio and colleagues (59)
studied 30 healthy older adults and their
responses to either resistance training or to
resistance training plus cognitive training. It
was found that improvements in cognitive
function were only observed after both
resistance training and cognitive training,
which contradicted many other studies that
found cognitive increases solely with resistance
training.

Physical training, both aerobic and resistance
have been shown to
cognitive and/or executive functions. Exercise
is particularly beneficial due to the fact that it
focuses on both cognitive health, as well as
physical health. Regardless of the neurological
benefits, a regimen is
recommended for people of all ages for its

general health benefits (60-62).

exercises improve

regular exercise

Nutrition
A dietary and nutritional approach toward
decreasing age-related cognitive decline is also
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important. Whether consuming a plant-based
diet or a different intake ratio of proteins, fats
and carbohydrates, there are many different
foods and nutrients that hold potential (63-66).
Additionally, there is a correlation between
obesity and cognitive decline in later life (67).
The incidence and onset of obesity and
metabolic disease can be decreased and
prolonged respectively by eating a healthy diet.

The Mediterranean diet (MeDi) has been
shown to reduce the risk of cardiovascular
diseases, cancer, and diabetes, and is associated
with improvement in health status (68-70). It
has recently been linked to better cognitive
function as well (71). It consists of many plant-
based foods and healthy fats, including
vegetables, fruits, fish, whole grains, and olive
oil, and does not contain a significant amount
of red meat (72). Loughrey and colleagues (73)
reviewed and analyzed the impact of the MeDi
on cognitive function in healthy older adults
using 15 studies with over 40,000 participants.
Evidence suggested that the MeDi had a
significantly  beneficial effect on global
cognition, and less significant but still
beneficial effects on memory, and executive
function. A similar meta-analysis by Coelho-
Junior et al. (74) investigated 19 studies
assessing the impact of the MeDi on healthy
older adults, finding that it was associated with
both physical and mental benefits. Similar to
the study by Loughrey et al., favorable scores
on the Mini Mental State Examination
provided evidence that the connection between
global cognition and MeD1 was strong. Titova
and others (75) obtained data from 194 healthy
individuals who kept diaries of their food
intake for one week. They found that MeDi,
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which consists of a very low intake of meat,
was linked to a greater brain volume and to a
better performance on the seven minute screen
(7MS) test, which is used to determine if a
person is developing dementia (76). Qin et al.
(77) studied how the dietary patterns of
Chinese elderly individuals affected cognitive
decline, concluding that an adapted MeDi or a
wheat-based diverse diet reduced the rates of
cognitive decline the older Chinese
population (difference in mean standardized
unit [SU] change/year =0.042).

in

However, studies have also found negative
results regarding the effectiveness of the MeDi.
Cherbuin et al. (78) assessed 1528 individuals
who followed the MeDi, and found that
adherence to the diet was not protective against
cognitive decline in older individuals, and that
excessive caloric intake could lead to cognitive
diseases like Mild Cognitive Impairment (MCI)
or dementia. that report
conflicting results, the effectiveness of the
MeDi diet is on cognition in healthy older
individuals cannot be conclusively determined.
Anecdotal data, however, do argue for a
cognitive benefit.

Due to studies

Other than adhering to a specific diet, studies
also sought to determine the effects of specific
foods. A review by Rajaram et al. (79)
identified some of the common plant foods in
plant-based dietary patterns, and determined
how each of these foods affected different
cognitive domains. They first addressed studies
of polyphenol-rich fruit juices, such as orange,
grape, and pomegranate. Polyphenols are a
type of plant compound that have many health
benefits and are prominent in fruits (80). Fruit
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juices appeared to improve global or domain-
specific cognitive functions. They also
compared studies that sought to determine
different dietary patterns and how they affected
the brain. These dietary patterns included
vegetable-fruit based diets, higher calorie diets
and wheat-based diets, among others. Overall,
studies showed that red meat, butter, fried
foods, and sweets tended to hasten the onset or
accelerate cognitive decline, whereas plant
foods rich in antioxidant nutrients protected the
brain and improved global cognition. Cocoa is
also a food rich in polyphenol, and is often
studied for its effects on cognition. Rajaram et
al. found that longer exposure to cocoa
improved cognition in older adults. Similarly,
coffee and tea are also both good sources of
polyphenols. Chronic intake of coffee and tea
seemed to lower the risk of cognitive disorders.
Finally, tree nuts and legumes are also rich in
polyphenols.  Elderly  individuals = who
consumed high amounts of nuts had better
overall cognitive performance. A more specific
study that focused on walnuts found that
consuming walnuts frequently led to faster
reflex reaction times and better recall test
scores. The conclusion in this review was that
foods richest in polyphenols exhibited the most
beneficial effects on cognitive function, though
how the dose, subclasses of polyphenols, and
synergism between plant foods affected
cognitive functions was less clear.

The WHO and CDC recommend eating a
varied but preponderantly plant and fiber based
diet to keep healthy and prevent chronic non
communicable metabolic diseases and obesity
(81,82). Some foods have a beneficial effect on
cognitive health as well, particularly foods with
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high levels of polyphenols. These foods should
be consumed more frequently, since they have
been shown to improve age-related cognitive
decline.

Comparing diet and exercise

Studies have also been performed to determine
the effect of both diet and exercise together on
cognitive decline in elderly participants.
Imaoka et al.’s 2019 study (83) compared the
influence of exercise alone and exercise + diet
using a two-way ANOVA test. Using a p-value
of 0.05, the test determined that there was a
significant difference between the two cohorts
on the Trail Making Test (TMT), gait speed,
and grip strength. They concluded that a
combination of exercise and dieting was
effective in improving the tested attributes of
cognitive function.

To determine the exact effect of diet and
exercise on cognition, the Centers for Disease
Control and Prevention (CDC) created the
National Health and Nutrition Examination
Survey (NHANES), which used questionnaires
to collect data on various health related
variables, including cognitive functioning, diet
and nutrition, and physical activity. Using a
linear regression model, the exact relationship
between diet and nutrition with cognitive
health was found. Results showed that the
average level of physical activity each day
(none, moderate, heavy) had a moderate, but
non-significant effect on cognitive functioning
(p=0.067) in the single model and a non-
significant effect (p=0.12) in the multivariate
model. However, eating dark green vegetables
was significantly correlated to the cognitive
functioning score in both the single and
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multivariate models, with p-values of 0.005
and 0.008 respectively. The NHANES data
taken together with Imaoka’s study (83)

Review paper

suggests that diet may have a stronger effect on
cognitive functioning than does exercise (Table

1.

Table 1. Effect of diet and nutrition on cognitive functioning

Model Single Model Multivariate Model
Estimate p-value Estimate p-value
IAvg level of physical activity each day 1.69 0.067 1.45 0.116
# times/month eat dark green vegetables 0.128 0.005 0.121 0.008

Discussion

Based on the studies in this review, cognitive
training, physical training, and eating a specific
diet/food, have beneficial effects on the brain,
and may be effective and
pharmaceutical way to delay or decelerate age-
related cognitive decline. Additionally, as
dementia and mild cognitive impairment
become more common, prevention becomes
increasingly important. Engaging in some form
of physical activity or cognitive training daily
is beneficial, and it should be recommended for
both cognitively healthy as well as unhealthy
older adults (84). However, there is a paucity
of studies which compare the strategies to
decrease cognitive decline, hence it is difficult
to conclude which of those strategies is most
effective. Knowing this could be advantageous,

an non-

since it would rank order interventions in the
order most worth pursuing. This highlights a
need for future studies to better understand the
extent of how helpful cognitive training,
exercise, and dieting are - especially when
compared to one another — in delaying or
decelerating age related cognitive decline.

Age could be a potential confounding factor in
the studies discussed. Though each of these

Journal of High School Science, 8(3), 2024

studies were targeted toward healthy older
adults, the age range was not the same for
every single one. Comparing a 65 year old with
an 80 year old would lead to inaccurate results,
demonstrating that perhaps further research is
needed to compare the effects of different
interventions on different age groups. One way
to do this could be to look at the individual data
and compare subjects older or younger than a
certain age. For example, in the study by Li et
al. (11), the mean age of participants in the
cognitive training group was 70.54 years with a
standard deviation of 3.23 years, whereas the
mean age of participants in the control group
was 68.59 + 3.24. As humans age, brain
volume begins to decrease at a faster rate,
leading to declines in cognitive ability (85).
According to studies investigating the age-
related changes in brain volume (86,87),
around the age of 35, brain volume loss is ~
0.2%, which then becomes ~ 0.5% at age 60.
After age 60, this percentage greatly increases,
reaching ~ 2.1% at age 70. Li et al.’s study
claimed that functional entropy
significantly less in the cognitive training
group (p=0.047) compared to the control
group, demonstrating a clear benefit of
cognitive training. However, even though the

increased
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linear ages in the different groups were not
statistically different, their cognitive abilities
could have been. Using the linear relationship,
y= 0.16X - 9.1, where y = cognitive ability
score and X=age, the cognitive ranges of the
two groups were calculated as (1.356 to
2.3928) and (1.6696 to 2.7032) (86,87). This
means that the actual functional entropy
(corrected for age) was not
significantly different between the two groups
(p>0.05). This underscores the important point
that studies performed on geriatric populations
should normalize for ‘cognitive age’ rather
than the conventional norm of only accounting
for ‘linear age’." This was, however, not
adjusted for in the Li study, and if done so, the
p-value could become insignificant. Another

cognitive

example of age being a potential confounding
variable in the literature can be shown in a
study by Imaoka et al. (83), which sought to
determine the effect of combined exercise and
nutrition support compared to exercise alone on
cognitive function in older adults. The study
found that on the TMT-A (trail making test),
there was a significant difference in scores of
those in the exercise + nutrition group versus
those in the exercise alone group. The trail
making test reflects many cognitive processes
such as attention, flexibility, visual search etc.
However, the study did not account for the fact
that there was a mean age difference of 2 linear
years between the groups. The mean age of
those in the exercise + nutrition group was
74.4, compared to a mean age of 76.3 in the
exercise group. This could account for the
significant difference in TMT-A scores, and if
adjusted for ‘cognitive age’, could make the
data either non-significant or much less
significant.

Journal of High School Science, 8(3), 2024

Review paper

Another potential confounding variable in the
studies could be not adjusting for socio-
economic status and/or education. Since many
of these studies used mental examinations such
as the Stroop Color-Word Test to determine the
effect of treatments, it is possible that those
with more years of education scored better than
those with less. For example, in a study on
resistance training and executive functions by
Liu-Ambrose et al. (49) the Stroop Test was
used to measure outcome. the
baseline characteristics of trial participants
showed that the BAT group (control group),
had a mean of 19 people with university
degrees while the 2x RT group (double
resistance training group) had a mean of 22
people with university degrees. The study
that  the group
significantly improved their performance on
the Stroop Test, with p < 0.03. However the
difference in education among these groups
was not accounted for. A 2006 study on the
Stroop Color-Word Test (88) sought to
determine the influence of age, sex, and
education on scores. The study found that
executive  function decline was more
pronounced in individuals with a low level of
education, supporting the idea that normalizing
for level of education could change the results.

To find out the exact effect of age, sex,
education, and income (socio-economic status)
on age related cognitive decline, the data from
the NHANES surveys was used again. The
surveys included data on both demographic and
cognitive functioning in adults 60+. Using a
regression model, the demographic data and
cognitive functioning data were concatenated,
allowing the determination of the exact effect
that each demographic had on cognition.

However,

concluded resistance
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Results showed that age, gender, and education
level (<9th grade, 9th-11th grade, high school
graduate, some college, and college grad or
above) each significantly affected the cognitive
functioning score both in the single model and

Review paper

as a covariate in the multivariate model (Table
2). On the other hand, annual family income
was not correlated to the cognitive functioning
score in either model.

Table 2. Demographic data correlation with cognitive functioning

Model Single Model Multivariate Model
Estimate p-value Estimate p-value
IAge (years) -0.89 <0.0001 -0.79 <0.0001
Gender (female vs male) 5.66 <0.0001 5.19 <0.0001
[Education Level 6.44 <0.0001 6.14 <0.0001
IAnnual Family Income 0.02 0.769 -0.05 0.249

Though all of the studies only included healthy
older adults as subjects, many also stated that
there was not a comprehensive test to check
participants for dementia or Mild Cognitive
Impairment (MCI); rather, only a quick survey
any screening
administered to participants. Many also
allowed participants to self report. This could
have led to inaccuracies because the effects of
cognitive treatments would be very different on
a healthy brain versus on a brain already in
cognitive decline. For example, those with
MCI, a condition where one might have
worsened memory but no readily observable
changes in overall behavior, might not even be
aware of, or understand their symptoms.
Moreira et al., found that participants with MCI
scored lower on the Mini Mental State
Examination (MMSE) than those with healthy
cognition (89). Therefore, more conclusive
screening for age-related cognitive diseases is
needed, prior to inclusion, to provide accurate

without extensive was

results.
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It is important to remember that the goal of any
intervention(s) is to improve the lives and
cognition of older adults who may have MCI
and dementia, which means it is important to
think about how easy these interventions are to
implement and/or the ease of acceptance and/or
adoption by the participants. A 2013 study
found that a diet with more fruits, vegetables,
and nuts, cost an average of $1.50 more per day
than a diet with more processed foods and meat
(90). This may not be affordable for some
elderly individuals who are retired and living
on social security benefits and/or on food
stamps. Furthermore, many nursing homes do
not necessarily have the best meal plans that
include foods that are cognitively beneficial.

Most of the studies concluded that temporally
inconsistent cognitive or physical training did
not have the same positive benefits that
consistent training did. This that
someone using these interventions to decrease
cognitive decline would need to remember to
engage consistently on a day-to-day basis.

means
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Considering that many elderly individuals have
some memory impairment and/or MCI, they
may train intermittently and/or inconsistently.
This reduce the efficacy of the
intervention. However, there are easy tasks that
have been shown to improve cognition that are
also simple to perform and do not need to be
formally remembered. Taking a walk and

may

solving crossword or jigsaw puzzles every day
are cheap, easy ways to train both cognitively
and physically and can be incorporated into the
daily routine of elderly individuals without
much effort.

Follow-up studies are also essential. Though
the few studies that did follow ups after the
initial study found that regularly engaging in
the interventions, typically continued to be
beneficial, most studies did not explicitly test
this. Without knowing how long the effect of
an intervention lasted and whether the
participant followed the intervention regularly,
there is no way to determine whether the
intervention made a significant difference to
age related cognition decline. Even simple
follow-ups such as sending a survey or calling
the people involved in the study would be
beneficial, though thorough retesting is the best
way to determine the length of effectiveness in
treatments. The ideal solution would be to
design comprehensive longitudinal studies that
address the factors and interventions in age
related cognitive decline.

Conclusion

Though not overwhelmingly consensual, the
balance of studies suggests that cognitive
training, physical exercise and an appropriate
healthy diet; each by themselves, and together,
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were able to significantly reduce or prevent
age-related cognitive decline in healthy older
individuals. Studies suggested that while there
seemed to be no lower limit on how much (or
little) physical exercise or cognitive training
may be beneficial, the consistency with which
these interventions were practiced significantly
affected how long their effects lasted in
delaying or decelerating age related cognitive
decline. These daily interventions could be as
simple as solving a crossword puzzle, taking a
walk and eating a healthy diet composed of
vegetables and fiber. Age, gender and
education level were identified as confounding
factors in the studies. The former was not
corrected for in many studies due to a
continued mistaken assumption in the literature
of the existence of near uniform cognition
levels among cohorts of ‘elderly individuals’.
However, this paper found that accurate
incorporation of decadal cognition levels
changed the conclusion of several studies. It is
hence recommended that the legacy variable of
‘linear age’ be replaced by the quantifiable
variable of ‘cognitive age’ in any future studies
which correct for age, so as to arrive at true age
independent results. Some studies also did not
formally test participants for cognitive function
prior to inclusion, therefore any differences in
cognition pre and post study were unreliable.
Uniform testing criteria need to be adopted for
inclusion of healthy elderly individuals in
studies that test age related cognitive decline.
There is a paucity in the literature of
comprehensive  longitudinal  studies that
address the factors (individually and when
combined) and interventions in age related
cognitive decline. Such studies will build
consensus among the scientific and medical
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community on the most effective non- elderly population to enjoy a better quality of
pharmacological ways to prevent and/or slow life.
age related cognitive decline so as to enable the
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