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Abstract: Alzheimer’s disease is an irreversible, progressive brain disorder that
damages memory, behavioral, and cognitive skills. This condition causes brain
cells to degenerate and die leading to many cognitive issues. Although the exact
cause is unknown, it is thought to be due to a combination of genetic, lifestyle,
and environmental factors. Due to its progressive nature, symptoms can vary from
mild memory loss to complete lack of ability to respond to one’s surroundings.
The memory impairments brought on by this disease can lead to specific prob-
lems with memory interference, which may be caused by dysfunction in working
and semantic memory. When conducting experiments on Alzheimer’s patients,
there is also the added difficulty of the individual having trouble remembering the
instructions and needing external cues to complete memory tasks. This chapter
outlines the disease, its symptoms, risk factors, how it affects memory, and how
exercise may be a prevention and treatment option.
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INTRODUCTION

Alzheimer’s disease is an irreversible, progressive brain disorder which damages
memory, behavioral, and cognitive skills (1-4). This condition causes brain cells
to degenerate and die, leading to many cognitive issues (4). It is the most com-
mon cause of dementia, accounting for 60 to 80% of dementia cases (2). Although
the exact cause is unknown, it is thought to be due to a combination of genetic,
lifestyle, and environmental factors (2). Due to its progressiveness, there are
different signs and symptoms throughout the stages (1, 5). Typically, Alzheimer’s
disease progresses through stages, including mild (early stage), moderate (middle
stage), and severe (late stage) (6). Since the condition affects people in different
ways, individuals may have a unique experience to each stage. In the early stage,
an individual may experience mild memory loss or difficulty remembering newly
learned information, whereas in the late stage, individuals may lose the ability to
function independently or respond to their surroundings (2, 5). Early-stage signs
include forgetting names, appointments, recent events, trouble following instruc-
tions, keeping track of responsibilities (e.g., remembering to pay the bills), or
difficulty using familiar items in their home (e.g., how to operate the thermostat)
(1, 2, 4=7). The middle stage is usually the longest stage in the disease progres-
sion and involves more serious signs of the first stage (6). An individual may have
greater difficulty performing certain tasks and be more likely to become frus-
trated or withdrawn due to memory impairments (6). Signs of middle stage
Alzheimer’s disease include repeating statements or questions, routinely misplac-
ing objects, getting lost in familiar places, losing track of the passing of time
(e.g., forgetting which season it is), decreased or poor judgment, withdrawal
from work or social activities, or changes in mood and personality (1, 2, 4-6).
Personality and behavior changes often include depression, apathy, social with-
drawal, mood swings, distrust, irritability, aggression, wandering, or delusions (4).
Late stage is the final stage of Alzheimer’s disease. The dementia symptoms are
severe and individuals lose the ability to function independently or to react
appropriately to their environment (6). During this stage, individuals may also
lose their ability to control their motor movement and they will likely experience
severe personality changes (6). At this stage, it is likely that the individual will
need a full-time caregiver (6). Late-stage patients also become vulnerable to
infections and other conditions due to memory impairment (e.g., dehydration,
malnourishment) (6). Alzheimer’s disease is the sixth leading cause of death
in the United States, and on average, individuals live for 4 to 8 years after
diagnosis (1). It is possible for people with Alzheimer’s disease to live as long as
20 years post-diagnosis, but it is less common since it mostly occurs in individu-
als who are already 65 years or older (1).

RISK FACTORS

The greatest known risk factors for developing Alzheimer’s disease is increasing
age, as most individuals with Alzheimer’s disease are 65 years or older (2). Another
risk factor is family history (8). Individuals that have parents or siblings that have
developed Alzheimer’s disease are more likely to develop the disease (4, 8).
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The risk increases as members of the family with a diagnosis increase. Genetics
also play a role in developing Alzheimer’s themselves (4, 8). Genes for developing
Alzheimers disease have been found to be both deterministic and risk genes,
meaning that they both cause the disease and increase the risk of developing the
disease (4, 8). The deterministic gene, which almost guarantees the individual will
develop the disease, only occurs in less than 1% of the Alzheimer’s cases (4).
Experiencing a head injury is also a possible risk factor for Alzheimers disease (8).
The most effective ways to prevent head injury are wearing seatbelt in any motor
vehicle, wearing helmets, and “fall-proofing” homes for the elderly (8). An exam-
ple of fall-proofing is placing non-slip mats in strategic areas of the home, espe-
cially in the bathroom and in the shower.

Sex, a common risk factor for many diseases (e.g., breast cancer), is not a risk
factor for Alzheimer’s disease (8). More women than men are diagnosed with
Alzheimers disease mainly due to the fact that women live longer than men -
making them more likely to develop Alzheimers disease (8). Race may also play a
role. Latinos and African Americans are more likely than Whites to develop
Alzheimers disease. This is not well understood, but it may be due to their
increased rates of vascular disease (4, 8). Heart health and brain health are directly
related, as dementia is associated with conditions that damage the heart and blood
vessels (e.g., heart disease, stroke, high blood pressure, and high cholesterol)
(4, 8). There is also evidence that plaques and tangles (physical evidence of
Alzheimer’s disease in the brain) are more likely to cause symptoms of dementia if
damage to the brain’s blood vessels is also apparent (4, 8).

Other lifestyle risk factors include lack of exercise, obesity, smoking, and
poorly controlled type 2 diabetes (4, 8). All of these conditions are related to poor
heart and brain health and can be modified by living a healthy active lifestyle that
focuses on a whole food plant based diet (8). The Physician’s Committee for
Responsible Medicine recommends exercising regularly, limiting saturated and
trans fats, eating plant based foods, eating foods rich in vitamin E, and taking a
B12 supplement daily to prevent Alzheimer’s disease (9). There is an increased
risk for developing Alzheimers disease in individuals with Down syndrome,
which is most likely due to having three copies of chromosome 21, which
also includes having three copies of the gene that is associated with Alzheimer’s
disease (8). Symptoms of Alzheimer’s disease usually appear 10 to 20 years earlier
in people with Down syndrome compared to individuals without it (8).

EARLY-ONSET ALZHEIMER’S DISEASE

When the condition occurs in individuals younger than 65, it is referred to as
early-onset Alzheimer’s disease (2). Early-onset Alzheimer’s disease is less com-
mon, making up less than 5% of the population with Alzheimer’s disease
(around 200,000 people in the United States), and primarily affects people in
their 40s and 50s (3). Since memory complications are less common in those
under 65, it can be difficult to diagnosis early-onset Alzheimer’s disease. The
cause of early-onset is unclear, but there have been a few rare inherited genes
that may play a factor in symptoms developing as early as 30 years old, referred
to as “familial Alzheimer’s disease” (3).
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TREATMENT

There is no cure for Alzheimer’s disease, but treatments for symptoms are avail-
able as research into the condition continues (2). These drug or non-drug treat-
ments may relieve some symptoms or slow the rate of mental decline. Their goal
is to increase quality of life for the individuals and their caregivers (10).

Drug treatment

Drug options to help with memory loss include cholinesterase inhibitors and
memantine, which treat cognitive symptoms (memory loss, confusion, etc.) (10).
These medications may not prevent the degradation of neuronal cells, but they
can slow the speed at which they degenerate (10). They are usually well tolerated
by patients, and side effects may include nausea, vomiting, and loss of
appetite (10). The stage of disease will determine the dosage and type of medica-
tion prescribed (10).

Behavioral treatment

Behavioral treatment addresses behavior problems that may arise, such as irritability,
anxiety, and depression (7). These symptoms may lead to difficulties caring for an
individual with Alzheimer’s disease, especially for the caregiver (7). Avoiding drastic
changes is an imperative factor of behavioral treatment (7). Change can be stressful
and increase the individuals fear and frustration as they are trying to make sense of
the situation with their impaired cognitive function (7). Situations that may trigger
frustration include moving to a new residence, admission to hospitals, or being
asked to alter appearance (7). Sometimes, medications can increase these symptoms
of fear and anxiety (7). As a caregiver, behavioral treatment can include avoiding
confrontation with the individual, redirecting their attention, creating a calm envi-
ronment, and allowing the individual adequate rest (7). These behaviors can not
only prevent triggering episodes but also make the individual feel more at home.
There are also medications that can assist with behavior modification if behavioral
treatment is ineffective, including antidepressants for low mood, antipsychotics for
delusions and aggression, and anxiolytics for anxiety or restlessness (7). The use of
antipsychotics for Alzheimers disease is a very hazardous option, as it has been asso-
clated with an increased risk of stroke and death in older adults with dementia (7).

MEMORY

Our memories define our character and have a completely unique perspective than
everyone elses experiences. Creating a memory involves three stages. The first,
encoding, occurs when a stimulus results in the formation of a new memory
(11-13). This new formation is often referred to as an engram, which is thought to
be a physical memory trace in the brain (14). This trace is very susceptible to decay
until the next stage occurs, consolidation (14). Consolidation is the process in
which a memory becomes stable and is assimilated into previously acquired knowl-
edge (14). The final stage, retrieval, occurs when the memory is recollected (14).
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Sometimes when we create a memory, it only lasts for a short period of time,
when other memories last a lifetime (15, 16). Memories are temporally defined as
long term or short term depending on the length of time the memory lasts. Short-
term memories last less than 2 min, whereas long term memories can last 2 min
to a lifetime (15, 16). Short-term memories usually are comprised of working
memory (15, 16). Working memory typically involves small amounts of informa-
tion that we only need to retain for a couple seconds, for example, the prices two
items when comparing costs while shopping.

Types of memory

There are multiple types of memory and subdivisions within each type. The main
two types are explicit (declarative) and implicit (nondeclarative) (15). When a
memory is explicit, the individual is consciously aware of the memory, whereas
with implicit memory, the individual is not (15). There are two subsets within
explicit memory: episodic and semantic. Episodic, or autobiographical memories,
include a what, where, and when aspect of the memory (16-18). Semantic memo-
ries are facts about the world around us (15). An example of semantic memory
may be knowing that baseball is a sport, whereas an episodic memory may be
remembering the first time you went to a baseball game. Implicit memories also
have two subdivisions: procedural and priming (15). Procedural memories
include motor skills and other actions we complete automatically without con-
scious thought (e.g., walking and writing) (15). Priming occurs when an individual
is exposed to a stimulus that influences their response to a later stimulus (15).
An example of priming may be seeing a flash of an image on a computer while
taking a computer-based memory task.

Forgetting

Why are some memories retained yet others are lost? There are many reasons
that we forget information we have learned or events we have experienced
(19-21). The act of forgetting can occur actively or passively. Passive forget-
ting occurs through natural decay, or biological degradation, of neurons
within a memory engram (19). Partial decay of an engram can make it chal-
lenging to activate the memory during retrieval (19). Active forgetting can
occur through several mechanisms: interference, motivated forgetting, or
retrieval-induced forgetting (19). Interference, which will be detailed later in
this chapter, occurs when competing information makes it difficult to retrieve
the correct memory (19). Motivated forgetting often occurs when an individ-
ual actively suppresses a memory due to some unpleasant quality (e.g., guilt,
shame, and embarrassment) (19). Finally, retrieval-induced forgetting occurs
when only parts of a memory are normally recalled, causing the other parts to
degrade over time (19).

Memory Interference

As stated in the previous section, memory interference (MI) is a cause of forgetting.
There are two types of MI, proactive and retroactive. Proactive interference (PI)
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occurs when previously acquired information interrupts the recall of newly learned
information (old — new). For example, calling your new boyfriend by your old
boyfriend’s name. Retroactive interference (RI) occurs in the opposite direction,
newly acquired information interrupts the recall of old information (old < new).
Following the previous example, this would be calling your old boyfriend by your
new boylfriend’s name. Interference can be benign to serious memory disruption
depending on the situation. Interference is also linked to similarity of the content. If
the competing material is similar, interference is more likely to occur.

In experiments, MI is measured using paired associate learning tasks. These
tasks are typically comprised of lists of word pairs or figure pairs (e.g., “bread
knife” or & &) that a participant is asked to memorize as a pair. Research partici-
pants memorize lists of the word or figure pairs and subsequently recall them
(e.g., bread - ___ or & - __ ). There are multiple models of paired associate
tasks, but ones commonly used include AB-CD, AB-AC, AB-ABr, and AB-DE
AC-FG. For the models, the letter pairs (e.g., AB and CD) signify one list each
(e.g., AB = List 1, CD = List 2), each letter in the name (e.g., AB-CD) stands for
one word (A = bread B = knife), and the combined letters (e.g., AB) represent one
word-pair (breadknife). Examples of measuring MI using various models are
summarized in tables 1-4.

Alzheimer’s disease and MI

Alzheimer’s disease causes the decay of neurons which eventually leads to mem-
ory impairment (1, 4, 5, 9). Although there are a lot of research fields focusing on
how Alzheimer’s disease damages memory, there is less research focusing directly
on MI effects on patients with Alzheimer’s disease.

When investigating patients with Alzheimer’s disease and those with mild cogni-
tive impairments without Alzheimers disease, Dewer et al. found that memory
retention is much higher in these patients when there is minimal interference com-
pared to a normal MI paradigm (22). Their findings align with previous literature

TABLE 1 AB-CD example

List 1 (AB) List 2 (CD)

BABY HUNTER SPIDER CANDLE
SUPPER SHERIFF ARROW THEATER
WEDDING MOVIE CHERRY MONEY
APPLE DIAMOND TIGER HOTEL
MONKEY GARDEN CANNON HAMMER
FOREST BATTLE LADY BUTTER

In this model, AB signifies the first list and CD the second list. There are no repeating letters in the title of the model,
meaning there are no repeating words within the lists. Each list consists of unique words with no overlap. Participants
may be exposed to both lists (learn List 1 then List 2) and then asked to recall only one of them. To measure PI, the
participants will learn List 1 (AB), List 2 (CD), then recall List 2. For RI, the participants will learn List 1 (AB), List 2
(CD), then recall List 1.
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TABLE 2 AB-AC example

List 1 (AB) List 2 (AC)

BABY HUNTER MOVIE WEDDING
SUPPER SHERIFF APPLE CANNON
MONKEY GARDEN BABY SALAD
FOREST BATTLE MONKEY ENGINE
MOVIE CHERRY FOREST CITY
APPLE TIGER SUPPER JACKET

Similar to the previous model AB—CD, this models first list (AB) has no repeating words, but as we can see “AC” has
a repeating “A” word. This signifies that the “A” words from List 1 (AB) and List 2 (AC) will repeat, while the “B” and “C”
words will not. When testing for PI, the participant will learn List 1, List 2, and then recall List 2. For RI, the participant
will learn List 1, List 2, and then recall List 1.

TABLE 3 AB-ABr example

List 1 (AB) List 2 (ABr)

BABY HUNTER SHERIFF CHERRY
SUPPER SHERIFF DIAMOND BABY
WEDDING MOVIE BATTLE SUPPER
SPIDER CANDLE FOREST HUNTER
MONKEY GARDEN MONEY MOVIE
FOREST BATTLE SPIDER GARDEN
CHERRY MONEY APPLE WEDDING
APPLE DIAMOND CANDLE MONKEY

This model repeats all of the words from List 1 (AB) in the second list (ABr) except the words are rearranged into
new word pairs. To reiterate, List 1 and List 2 comprised of the same words, but the way in which they are organized
is different for List 2. This model can cause severe interference since the words are so similar. Participants learn List 1,
List 2, then recall either List 1 or List 2 depending on the interference being measured.

demonstrating that memory dysfunction in patients with Alzheimers disease is
associated with an increased susceptibility to MI (22). The authors hypothesize that
this may be due to a decline in the ability to consolidate new memories (22). The
interference paradigm utilized in this experiment is strong at predicting which
patients with mild cognitive impairments will or will not progress to Alzheimer’s
disease within 2 years, with 80% sensitivity and 100% specificity (22).

In term of semantic memory, or facts about the world (e.g., baseball is a sport),
patients with Alzheimer’s disease perform worse on these memory tasks, which
may be due to a deficit in working memory and attention (23). As stated previ-
ously, working memory is short-term memory that lasts for a very short period of
time with a concurrent interfering stimulus. Hartman describes how, in her exper-
iment, there was no evidence that the patients with Alzheimer’s disease utilized

199



pA[\ Crawford L and Loprinzi PD

TABLE 4 AB-DE AC-FG example

MMFR
A
Cued recall 1 Cuedrecall2 D__
List 1 (AB, DE) A_,D_ List 2 (AC, FG) A_F_ F_
BABY HUNTER SPIDER FOREST CITY ARROW __ BABY___ _
SUPPER SHERIFF FOREST ARROW THEATER FOREST __ CHERRY __ _
WEDDING MOVIE = BABY BABY SALAD TIGER___~ ARROW _ _
SPIDER CANDLE CHERRY __ TIGER HOTEL SUPPER___ SUPPER___
MONKEY GARDEN MONKEY___ MONKEY ENGINE [ADY TIGER ___
FOREST BATTLE SUPPER LADY BUTTER CANNON __ WEDDING___
CHERRY MONEY APPLE CANNON HAMMER BABY MONKEY ___
APPLE DIAMOND  WEDDING ____ SUPPER JACKET MONKEY___ TADY___ _
SPIDER
FOREST ___ _
APPLE
CANNON __

This paired associate task is more complex than the other designs because it includes control word pairs within
each list, allowing for the measurement of proactive and RI within the same experiment. As before, List 1 (AB-DE)
has repeating “A” words as List 2 (AC-FG). In this case, DE and FG are the control word pairs and AB and AC are the
interfering word pairs. To use this model for an experiment, participants learn List 1, recall it, learn List 2, recall it, then
recall the Modified Modified Free Recall (MMFR) list which is comprised of all of the word pairs from List 1 and List 2 in
a pseudorandomized order.

semantic knowledge (relatedness) of word pairs during recall (23). When patients’
working memory is impaired, as is typical in Alzheimer’s disease, it is more diffi-
cult to retain relevant information about the relationships of words in paired asso-
ciate tasks (23). Despite this experiment’s focus on working memory, its results
shed light on MI impairments since semantically relating words is a typical strat-
egy utilized when memorizing word pairs in paired associate tasks. When detail-
ing the symptoms of Alzheimer’s disease, we noted that difficulty remembering
and following instructions is common (23). This may also influence performance
on memory tasks. Repeatedly needing external cues or verbal instructions may
alter outcome scores, as mentioned elsewhere (23). Another study that focused
specifically on proactive and RI compared mildly demented Alzheimers disease
patients, patients with mild cognitive impairment without Alzheimers disease,
and healthy elderly patients on interference tasks (24). When controlling for
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overall memory impairment, mild Alzheimers disease patients demonstrated
higher rates of PI, but equal amounts of RI when compared to the cognitively
impaired patients (24). As expected, the healthy elderly participants experienced
the least amount of interference (24). Vulnerability to semantic interference may
reflect early signs of the onset of Alzheimer’s disease (24).

EXERCISE AND ALZHEIMER’S DISEASE

As stated previously, physical inactivity is a risk factor for developing Alzheimer’s
disease and is even considered the highest population attributable risk (25). In one
systematic review, the majority of experiments demonstrated that physical activity
was inversely associated with risk of developing Alzheimer’s disease (26). Exercise
has also been demonstrated to improve multiple types of memory, including long-
term and short-term memory (27-33). Exercise may even prevent the onset of
Alzheimers disease by decreasing the risk of cardiovascular disease, increasing cere-
bral blood flow, increasing hippocampal volume, and improving neurogenesis (34).
Higher levels of physical activity are associated with a reduced risk of developing the
disease (34), with long-term prospective studies demonstrating that walking regu-
larly is associated with a twofold reduced risk in cognitive impairment (25).
During exercise, many chemicals are released in the body, including brain-
derived neurotrophic factor, which is directly associated with learning and mem-
ory (35). Research also demonstrates that regular physical activity prevents mental
decline and improves thinking in populations with vascular cognitive impair-
ment (34). It has been used clinically in the treatment of preclinical and late-stage
Alzheimers disease, as well as a prevention strategy (34). Recent prospective
work, that compared sedentary individuals to those who were the most active,
demonstrated a 38% reduction in incidence of Alzheimer’s disease (36). In animal
studies, mice with Alzheimer’s disease that completed 16 weeks of treadmill exer-
cise have been shown to elicit changes in therapeutic parameters at the cellular
and molecular level, providing biological plausibility to exercise as a therapy (37).
In order to reduce the risk of developing Alzheimer’s disease, to lessen the
effects for those already suffering from memory loss, individuals should partici-
pate in regular physical activity. The American national guidelines suggest at least
150 min per week of moderate to vigorous physical activity (38). Meta-analyses
have demonstrated mixed findings on which mode of exercise is best for improv-
ing specific types of memory; however, walking, cycling, and jogging are three of
the most common exercises implemented, all of which have demonstrated ben-
eficial effects (33, 39). Multicomponent exercise programs have also been effec-
tive in improving cognitive function in institutionalized older adults with mild to
moderate Alzheimer’s disease (40). One particular study found that incorporat-
ing a program that included supervised aerobic, muscular resistance, flexibility,
and postural exercises for 45-55 min sessions twice per week for 6 months
significantly improved patients’ cognitive function when compared to a control
group (40). These findings suggest that incorporating a variety of physical activi-
ties may be an effective non-pharmacological method for improving cognitive
function, along with physical function, in those with Alzheimer’s disease (40).
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CONCLUSION

In summary, individuals with Alzheimer’s disease may be more susceptible to MI,
due to dysfunction of working memory and semantic memory. This can cause
even more confusion, as patients already cope with a myriad of memory problems
and other symptoms. The literature on Alzheimer’s disease and MI is sparse, and
therefore, it is imperative that the field continues to grow and search for methods
to attenuate interference in this population — for example, through exercise, which
has been demonstrated to increase memory performance. Experiencing MI, or
difficulty recalling information because of competing memories, can be very frus-
trating and debilitating for anyone, but especially for patients with Alzheimer’s
disease. In experimental settings, paired associate tasks are often utilized to mea-
sure interference, but there are also other methods that are suitable. Due to the
debilitating nature of Alzheimer’s disease, it is important to focus on prevention
and delaying the condition by keeping your mind and body active, eating a
healthy diet, and wearing safety equipment to avoid head injury.
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