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Abstract

Introduction: Mild cognitive impairment (MCI) is characterized by cognitive decline, prodromal to dementia. However, no
medications currently exist. However, research suggests intervention techniques like exercise and cognitive training to slow
MCI-progression. The purpose of this research protocol is to determine whether these intervention techniques work more
efficiently in combination or separately.

Methods: 80 participants with MCI will be recruited and divided into four groups of 20 participants each; Group-1 will be
exposed to cognitive training, Group-2 will be exposed to aerobic exercise, Group-3 will be exposed to both, and Group-4 will
be exposed to none. All participants will write a series of cognitive tests that establish a baseline cognition level. After six-
months of training, participants will rewrite the tests. An analysis of variance will be done on pre- and post-test scores to
identify the strategy that produces the most positive change.

Results: Since past literature has found that cognitive training and physical exercise effectively slow cognitive decline, it can
be anticipated that a combination of both will be more effective than either intervention alone. It can also be anticipated that
all groups involving cognitive training and physical exercise, either alone or in combination, will experience more positive
change on their post-test scores than the controls.

Discussion: Literature suggests that a combination of two effective interventions may be more effective than either alone; a
study examining the impact of two interventions on falls and cognition in individuals with MCI found both interventions
together was the most effective treatment. By conducting a longitudinal study involving a Control-group and multiple
cognition-screening tests, this protocol enables the investigation of another possible treatment avenue for individuals with MCI.
Conclusion: By examining the interaction between two effective treatment methods for MCl, a condition without medications,
this study provides individuals with MCI an additional treatment route that may slow cognitive decline. To permit
generalization, future studies should be conducted using larger participant pools that are matched for demographic factors.
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Introduction Furthermore, animal studies have found that exercising also

Mild cognitive impairment (MCI) is commonly described
as the prodromal stage to dementia, including Alzheimer’s
disease (AD), and is characterized by a decline in cognitive
functioning beyond expected for an individual’s age [1]. Since
MCI can be reversible, it is paramount to treat this condition
to prevent further cognitive decline in these individuals [1].
Since no effective medications currently exist for MCI [1], it
is imperative to investigate alternatives.

According to current research, intervention techniques
such as cognitive training [2] and physical exercise [3] can
slow the progression of MCI to variable degrees. A clinical
trial by Lautenschlager et al. found that exercise has direct
positive effects on human memory [4]. Research conducted
with animal models has also demonstrated cognition-
enhancing effects attributed to exercise; these effects include
improved neuron survivability, vascularization,
neuroinflammation, and  neuroendocrine  responses.
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has positive effects on human physiological processes; if
these processes are compromised, the risk of cognitive
impairment also increases. Prospective [5] and cross-
sectional [6] brain imaging studies have discovered positive
effects of aerobic exercise in cognitively healthy older
adults, particularly in reducing age atrophy, and the
maintenance of memory processes and executive control.
Studies examining cognitive decline in individuals with AD
have found that physical exercise decreases whole-brain
atrophy. [7]. The Canadian Study of Health and Aging
revealed that physical activity is associated with decreased
risk of cognitive impairment and decline in individuals with
AD [8]. Exercise is associated with positive effects in
executive control processes including inhibition, working
memory, organization, selective attention, and planning [9].

As for cognitive training interventions, research by
Brum et al. reports that these interventions significantly
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improve measures of cognitive and emotional processing, as
well as functional independence in individuals with MCI. In
this study, a cognitive training group underwent eight
training sessions within the timespan of one month, with
each session lasting two hours. Every session included
executive functioning tasks such as memory exercises with
visual aids, verbal association tasks, orientation in space and
time, exercises for auditory and visual attention, and a
transfer task that simulated real-life scenarios. Improvements
were noticed in areas of time orientation, attention, dealing
with finances, and shopping skills, compared to controls.
Furthermore, researchers found a decrease in depressive
symptoms across participants [10]. A review by Belleville
revealed that, out of the general older adult population,
cognitive training yielded the most positive results in
participants that were more cognitively preserved. The
authors thus concluded that it is within this demographic that
cognitive training has the most potential to slow cognitive
decline in individuals with MCI [2]. Moreover, another
review by Miotto et al. has shown that individuals with MCI
retain a degree of neuroplasticity, indicating that cognitive
training can be a feasible treatment avenue for this
population [11]. Overall, a plethora of evidence supports that
cognitive training has positive effects on individuals with
MCI by slowing cognitive decline and reducing the rate of
progression to dementia.

Many studies have assessed the independent effect of
cognitive training or physical exercise on individuals with
MCI. However, the interaction between both intervention
techniques must be further examined in the literature; the
combination of these interventions may be more effective
than either one alone. Therefore, the objective of this paper
is to propose a research protocol examining how the effects
of physical exercise combined with cognitive training may
be more effective in alleviating cognitive decline in
individuals with MCI compared to either intervention type
alone. This research protocol will bridge the gap by
examining both techniques separately and in conjunction
with each other to determine the most effective treatment
route for individuals with MCI.

Methods
Participants

This study will recruit 80 participants previously
diagnosed with MCI via referral sampling, where physicians
will recruit participants that fit the inclusion criteria of MCI.
The inclusion criteria of MCI will be defined by Petersen’s
criteria: (1) Objective memory impairment, (2) Memory
concerns reported by self or reliable third-party informant (3)
Normal cognitive functioning in domains other than memory,
(4) Absence of other apparent cognitive disorders, and (5)
Absence of dementia [12].

Procedure
During recruitment, participants will notify researchers of
any concurrent pharmacological therapies. If participants
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begin medications between test sessions, they will also notify
the researchers immediately to account for this variable.
Participants will undergo a six-month intervention for five
days a week; this protocol has been chosen to be be able to
follow changes overtime in the population. The inclusion
criteria will be that all participants do not regularly engage in
aerobic exercise or cognitive training. After the recruitment
phase is completed, all participants will complete a series of
cognitive tests to establish a baseline level of cognition to be
compared to post-experiment test scores. One test detects or
confirms MCI diagnosis, and all subsequent tests are designed
to assess a different aspect of cognitive functioning, including
memory, visual recognition, cognitive interference, and spatial
functioning. Once the pre-experiment tests are completed, all
participants will be randomly divided into four groups, with a
target of 20 individuals in each group; participants will be
blinded. Group 1, the Physical Exercise group, will be exposed
to aerobic physical exercise interventions. The physical
exercises will all consist of aerobic exercises due the study by
Laura et al., which showed aerobic exercises to have
particularly favourable effects on people with MCI [9].
Participants will spend 30 minutes engaging in these exercises
daily. Group 2, the Cognitive Training group, will be exposed
to cognitive training interventions. These simulate cognitive
activities that occur in daily life, as discussed in Brum et al
[10]. All participants will complete one cognitive training task
each weekday for a total of 30 minutes daily. Group 3, the
Mixed Intervention group, will contain participants exposed to
both intervention strategies. They will spend 30 minutes
engaging in physical exercise and 30 minutes engaging in
cognitive training, totalling one hour of participation daily.
Group 4, the Control group, will contain the controls that are
not exposed to any intervention and will be asked to refrain
from engaging in aerobic exercises or cognitive training
exercises beyond their day-to-day routine. The researchers
will consistently follow up with the participants for six months
to ensure the regimens are maintained. After six months, the
participants will re-take the same tests from the beginning of
the study. Results prior to and after participation will be
analysed to identify changes in cognition attributed to the
intervention.

Neuropsychological Assessments

All participants will take both pre and post experiment
cognitive screening tests. To begin, the participants will take
the Montreal Cognitive Assessment (MoCA), a test designed
to detect MCI [13]. The participants will also take the
Hopkins Verbal Learning Test (HVLT), a memory
impairment screening test that employs memory recall
consisting of 12 words, 4 words each from 3 different
categories [14]. A visual recognition memory test, the
(Delayed Match-to-Sample) DMS 48, will also be employed
[15]. Next, participants will complete the Stroop Colour and
Word test, which assesses an individual’s capability to
inhibit the cognitive interference when the processing of one
stimulus prevents the processing of another [16]. After this,
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the participants will do the clock-drawing test, used to
measure visuospatial dysfunction as a sign of cognitive
impairment [17].

Physical Exercise Intervention

Since the physical capabilities of each participant may
vary, it is important to choose a regimen that is feasible for all
participants for an extended period. As such, all participants
will undergo a physical examination to determine their physical
limits to prevent risking their health. As previously mentioned,
participants in the Physical Exercise group will exclusively
engage in aerobic exercise interventions. The Physical Exercise
group and the Mixed Interventions group will engage in 30
minutes of brisk walking daily. These sessions will occur
exclusively on weekdays, from Monday to Friday, to allow for
a rest period on the weekends. The participants may choose to
complete their sessions indoors using machinery such as
ellipticals and treadmills. The participants who are comfortable
with greater aerobic exercise levels will have the choice of
engaging in more intensive exercises, such as jogging or
running in lieu of brisk walking. All participants will
electronically log which aerobic exercise they completed each
day to account for the intensity of the exercises on any changes
in test scores.

Cognitive Training Intervention

Participants from the Cognitive Training group and the
Mixed Intervention group will undergo daily cognitive
training exercises for six months. Five tasks will be included
in the intervention. To test simple verbal associations, the
names of the participants and the researcher will be probed. To
test general orientation, participants will be asked to state the

Results
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current year, month, day, and time using external aids.
Additionally, memory exercises will be conducted. Auditory
and visual attention tasks will also be completed, where
participants identify particular details in visual stimuli, find the
differences between two similar stimuli, pick up on specific
words in songs, and differentiate between different and
repeated words. Moreover, transfer tasks will be administered
to this group as well, where daily activities such as buying
groceries and counting change will be simulated [18]. For each
weekday, these participants will complete one of
aforementioned cognitive training tasks for 30 minutes, with
the tasks counterbalanced and randomized across each of the
five weekdays. Much like the Physical Exercise group,
weekends will be rest periods.

Data Analysis
Pre- and post-test scores for each participant will be

subjected to data analysis. A two-way analysis of variance
(ANOVA) will be employed with Group (Physical Exercise,
Cognitive Training, Mixed, Control) as the between-subjects
factor and Time (Pre, Post) as the within-subjects factor. If
the ANOVA test reaches significance, then post-hoc
analyses will be conducted. To determine if the changes
found between the pre- and post-test scores are significant
for each group, post-hoc tests between Pre- and Post-testing
session will be conducted for each group. An additional post-
hoc one-way ANOVA test with Group as the between-
subjects factor will be conducted to compare the differences
between each time point (i.e., difference scores) between the
groups to understand which group experienced the most
positive change over time.

| |
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Figure 1. Pre-test anticipated Stroop scores for the physical exercise group, cognitive exercise group, mixed intervention group,

and control group
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Figure 2. Post-test anticipated Stroop scores for the physical exercise group, cognitive training group, mixed intervention

group, and control group

Studies have found that physical exercise alone or
cognitive training alone may delay cognitive decline [10].
Therefore, we can anticipate that a treatment strategy
combining both interventions would magnify the extent of
cognitive decline in participants with MCI. Anticipated
results for a sample cognitive test (Stroop test) are displayed
in Figure 1 (Pre) and Figure 2 (Post). We anticipate that
between the Physical Exercise and Control group, the
Physical Exercise group would experience a greater increase
in pre- and post-test scores relative to the controls, thereby
indicating the potential of Physical Exercise to slow
cognitive decline. Between the Cognitive Training and
Control group, we can expect the same trend; the participants
in the Cognitive Training group will have a larger difference
between their pre- and post-test scores compared to the
Control group. Considering how past literature suggests that
both cognitive training [2] and physical exercise [3] are
effective strategies in slowing cognitive decline, we can
anticipate that both the Cognitive Training and Physical
Exercise group would experience a similar increase between
pre- and post-test scores. We do not anticipate for the Control
group to experience improvements on cognitive scores over
time, since these participants do not undergo any
interventions. Therefore, their post-test scores can be
expected to be similar to or worse than their pre-test scores.
As expected, the Mixed Intervention group will demonstrate
improvements in their score over time.

The post-hoc one-way ANOVA on difference scores
will reveal whether the change in cognition over time for the
Mixed group is beyond either the Cognitive Training group
or Physical Exercise group alone. As mentioned previously,
the Cognitive Training group and Physical Exercise group
may experience similar levels of improvement, while
participants in the Mixed Interventions group are expected to
experience the highest level of improvement relative to
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either the Physical Exercise or Cognitive Training group. We
anticipate that the results will demonstrate that a
combination of two interventions will be more effective than
any one intervention on its own. Therefore, the Mixed
Interventions group should also experience a higher increase
in pre- and post-test scores than the Control group.

Discussion

MCI may progress to the development of dementia, and
between 12-18% of people over the age of 60 are currently
living with MCI [19]. Currently, treatment options for MCI
only alleviate symptoms [19]. Effective medications do not
exist for MCI, so individuals living with MCI need
alternative non-pharmacological treatment methods. Such
alternatives can include physical exercise interventions,
cognitive training interventions, or potentially a combination
of both for maximum treatment efficiency. By examining the
interaction between two known treatment avenues for MCI,
this research protocol has the potential to improve the
efficacy and range of MCI treatments, thereby allowing this
population to slow their cognitive decline and possibly delay
or prevent the development of all dementias.

It can be predicted that the combination of two known
effective treatment strategies may be more effective than
either strategy alone, given the literature. Primarily, one
systematic review investigated the effect of exercise and
cognitive training as a mixed intervention on falls, fall-related
factors, and cognition in older adults diagnosed with MCI.
Similar to this research protocol, participants were divided
into three groups: a cognitive training group, a physical
exercise group, and a mixed intervention group. The results
of this study indicated that a combined intervention strategy
employing cognitive training and physical exercise had the
most substantial effect on cognitive functioning. This review
also found that the mixed intervention improved fall-related
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factors such as balance; this demonstrates that two
interventions may be more effective than one, even in older
adults at risk of cognitive decline [20]. Another study also
investigated the effectiveness of a combination of aerobic
exercise and cognitive training for individuals with MCI.
Similar to the review findings, it was found that a combined
intervention strategy is the most efficient, showing that this
study also found that two interventions may be more effective
than one [21]. Both studies are relevant to the current research
protocol because they examine physical exercise and
cognitive training as intervention techniques for MCI.
However, the systematic review does not specifically
examine aerobic exercise, which the present research protocol
does. The second study, by Hyuntae et al., although
examining aerobic exercise, does not employ a control group
like this protocol. Furthermore, this protocol uses different
neuropsychological assessment tests with lower sensitivities
and specificities than the ones employed in the literature. The
duration of this study is three months, while the duration of
this research protocol is six months. Given that this literature
pertains to MCI and discusses similar intervention
techniques, it is probable that our present protocol will also
find that a mixed intervention technique may be the most
efficient in this population compared to either aerobic
exercise or cognitive training alone.

This research protocol specifically employed the MoCA
test, HVLT test, DMS-48 test, Stroop test and the Clock-
Drawing test, due to their high sensitivity and specificity for
MCI. A study revealed that the MoCA test detects 90% of all
participants with MCI. Furthermore, when using this test on
a group of participants with mild AD, the MoCA test
demonstrated 100% sensitivity. In terms of specificity, the
MoCA test was at 87% for MCI [22]. As such, it can be
determined that the MoCA test is a cognitive screening tool
with both a high specificity and sensitivity. Similar sensitivity
and specificity were found for the HVLT; the HVLT
demonstrates a sensitivity score of 87% and a specificity
score of 98% with great discriminability between individuals
with normal cognition and individuals with MCI [23]. An
additional study also demonstrated that the DMS-48 shows
similar levels of sensitivity and specificity [24]. Another test,
the Stroop Colour and Word test, was also found to have very
similar levels of sensitivity and specificity [25]. The final test,
the Clock-Drawing test, demonstrates a 76.5% sensitivity and
87.1% specificity for individuals with moderate to severe
MCI [26].

A limitation to this study is that only 20 individuals will
be exposed to each treatment method; the small sample size
hinders the generalization of the findings to the rest of the
population. Generally, it is difficult to gather a larger MCI
participant pool due to slow recruitment and comorbidities
with other neurological/psychiatric disorders. Additionally,
although the Control group was not prescribed cognitive
training or aerobic exercise, it is possible that these
participants engaged in either or both activities at their
leisure or in their day-to-day activities at some point during
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the six-month intervention period, which may impact the
results. Moreover, it may be difficult for participants in the
Physical Exercise Group to adhere strictly to aerobic
exercise. The repetitive nature of the exercises may become
mundane for some of the participants; therefore, some may
stray from the given routine. Attrition may also be a
limitation, considering this research protocol involves a
longitudinal design lasting six months. Future studies can
address these limitations by conducting the same experiment
in larger samples that are matched by demographic factors
such as age, sex, and geographical location.

Conclusions

The aim of this research protocol is to understand
whether the currently used MCI intervention techniques
demonstrate greater efficacy when used in conjunction with
one another rather than separately. As such, the protocol was
designed to have four participant groups so that the effects
of each intervention technique alone, the combination of
both techniques, and no technique at all could be compared.
Having a Control Group provided baseline data to which
changes in the other groups can be compared. This
longitudinal study over six months will allow for more
detailed observations of changes in cognition over a longer
period of time to be seen. Future studies should continue
examining whether the technigques should be used separately
or in combination with larger participant pools for longer
periods of time. The impact of this research protocol is that
the findings could improve the current treatment avenues for
MCI, allowing individuals with this disorder more options to
slow the prognosis and prevent further cognitive decline. By
increasing the amount and breadth of research investigating
the interaction between two effective treatment methods for
MCI, this study may better equip individuals with MCI to be
more proactive in slowing their cognitive decline.
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