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Alzheimer Disease
By Eric M. McDade, DO
ABSTRACT
PURPOSE OF REVIEW: Alzheimer disease (AD) is the most common cause of
dementia in adults (mid to late life), highlighting the importance of
understanding the risk factors, clinical manifestations, and recent
developments in diagnostic testing and therapeutics.

RECENT FINDINGS: Advances in fluid (CSF and blood-based) and imaging
biomarkers are allowing for a more precise and earlier diagnosis of AD
(relative to non-AD dementias) across the disease spectrum and in patients
with atypical clinical features. Specifically, tau- and amyloid-related AD
pathologic changes can now be measured by CSF, plasma, and positron
emission tomography (PET) with good precision. Additionally, a better
understanding of risk factors for AD has highlighted the need for clinicians
to address comorbidities to maximize prevention of cognitive decline in
those at risk or to slow decline in patients who are symptomatic. Recent
clinical trials of amyloid-lowering drugs have provided not only some
optimism that amyloid reduction or preventionmay be beneficial but also a
recognition that addressing additional targets will be necessary for
significant disease modification.

SUMMARY: Recent developments in fluid and imaging biomarkers have led to
the improved understanding of AD as a chronic condition with a protracted
presymptomatic phase followed by the clinical stage traditionally
recognized by neurologists. As clinical trials of potential disease-
modifying therapies continue, important developments in the
understanding of the disease will improve clinical care now and lead to
more effective therapies in the near future.
INTRODUCTION

he burden of Alzheimer disease (AD) on individuals and society and
the increase in longevity of humans have resulted in an increasing

emphasis on diagnosis and treatment of this neurodegenerative
disease. With the development over the past 3 decades of specific
biomarkers that identify the molecular pathology of AD, it is now

clear that AD dementia is a chronic condition that develops silently for well over
10 years before the appearance of symptoms. An important consequence of these
biomarker developments, however, is that AD, having been defined for more
than a century by its clinical features, is increasingly being identified before the
onset of clinical features as codified by abnormal biomarkers of the AD
pathophysiologic process.1 These biomarkers are expanding the toolkit for
neurologists to accurately diagnose AD at the earliest stage of clinical symptoms
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KEY POINT

● Women have nearly
double the lifetime risk of
developing Alzheimer
disease relative to men.
and to more precisely differentiate AD dementia from non-AD dementia
syndromes. This article discusses the diverse clinical AD phenotypes, although
the focus is on themost common amnestic-predominant form of AD. Updates on
risk factors, diagnostics, and treatments apply to all forms of AD.

EPIDEMIOLOGY AND RISK FACTORS
Understanding the sex and racial prevalence by age of onset of AD and knowing
the most common risk factors for the disease allow the clinician to better
determine the probability of AD, relative to another neurodegenerative disorder,
as the likely cause for an individual’s cognitive impairment.

Epidemiology
AD remains the leading neurodegenerative cause of dementia in the United
States and the developed countries of the world.2 In the United States, the
incidence increases significantly after the seventh decade (from an annual
incidence of 0.4% in those 65 to 74 years of age to 7.6% in those 85 years of age
and older).2With the increase in the number of individuals living past 65 years of
age, it is estimated that the total number of people with AD and related
dementias will double in the next 30 years. However, in the United States and
developed Western European countries, evidence exists of a decrease in the
prevalence and incidence rates of dementia over the past 2 decades, attributed to
a decrease in health-related risk factors such as cardiovascular and cerebrovascular
disease and an increase in educational attainment.3,4 Women have nearly double
the lifetime risk of developingAD compared tomen, but other than the greater life
expectancy for women, the specific reasons for this remain uncertain. Likewise,
most studies suggest Black and Hispanic American populations have a higher
incidence and prevalence of AD and related dementias than non-Hispanic White
populations, even when taking into account the decreased incidence across people
of all backgrounds in the United States over the recent decades.3-5 However,
when taking into account bodymass index and the presence of theAPOE ε4 allele,
Black older adults may have a decreased incidence of AD when compared with
White older adults.6 Recent studies of AD-related CSF biomarkers have shown
differences in the levels of soluble amyloid, tau, and phosphorylated tau (p-tau) in
Black people compared to non-Hispanic White populations7,8 as well as markers
of microglial activity9 that may point toward potential biological-genetic
differences as one contributor to the identified differences in AD risk, along with
the probable social determinants of health that result along racial lines in the
United States. However, as race increasingly is recognized as a social rather than
biological construct, the understanding that social determinants of health likely
play an important role in health disparities is growing. For more information on
social determinants of health and heath disparities, refer to the article “Health
Disparities in Dementia” by Joyce (Joy) E. Balls-Berry, PhD, MPE, and Ganesh M.
Babulal, PhD, OTD, MSCI, MOT10, in this issue of Continuum.

Although AD remains the most likely cause for a dementia with onset before
the age of 65 (in the fifth or sixth decade), the relative proportion of non-AD
causes, particularly frontotemporal dementia, increases in people younger than
age 65 such that frontotemporal dementia is an important diagnosis to consider in
middle-aged adults with dementia. With increasing age, the relative proportion
of cases of dementia that are attributable to AD pathology alone decreases, and
comorbid pathologies such as α-synuclein (Lewy bodies), transactive response
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DNA-binding protein 43 (TDP-43), and vascular lesions increase.11-13 This is
particularly important when considering the use of biomarkers in the assessment
of patients based on their age (CASE 1-1), as evidence exists of substantially
higher rates of abnormal amyloid biomarkers for non-AD dementias from the
sixth to ninth decades1,15-16 and in cognitively normal individuals. For practical
purposes, this means that the older an individual is, the less likely a positive
biomarker for AD is to represent the sole cause of the dementia syndrome, but
negative AD biomarkers strongly suggest a non-AD dementia syndrome.

Because of the prolonged asymptomatic period of time during which AD
pathology develops and because amyloid-lowering therapies in symptomatic AD
may not demonstrate a clear cognitive benefit, efforts to identify at-risk
individuals (ie, cognitively normal with evidence of abnormal AD biomarkers)
are increasing. One goal of these efforts is to then enroll eligible individuals into
amyloid-targeting trials to test the effect of amyloid reduction for the prevention
of cognitive decline17-19 and for disease modification. However, because no
obvious cognitive or functional deficits are seen during the presymptomatic
stages of disease, it is only through the use of AD biomarkers that these
individuals can be identified. Estimates of the prevalence of abnormal amyloid in
cognitively normal individuals are driven primarily by age (approximately 10%
in the sixth decade to approximately 45% in the tenth decade) and the presence
of anAPOE ε4 allele, which increases the prevalence by 2 to 3 times,meaning that
APOE ε4 allele carriers are likely to have abnormal amyloid biomarkers at an
earlier age.16,20 Although the testing of AD biomarkers in cognitively normal
individuals is not currently supported as standard clinical practice, if current
prevention studies prove beneficial, it is likely that the use of these biomarkers
for the screening of at-risk individuals will become more common.

Risk Factors
Major risk factors of AD can be divided into nonmodifiable and modifiable. The
following section reviews the most consistently supported risk factors from
both categories.

NONMODIFIABLE RISK FACTORS.Age is the strongest risk factor for AD. Beyond age,
approximately 80% of the variance of AD risk appears to be attributed to genetic
factors, with theAPOE ε4 allele by far the strongest genetic risk factor.21APOE ε4
heterozygotes have a 2 to 3 times greater lifetime risk than non-ε4 carriers, and ε4
homozygotes have greater than 10 times the risk relative to APOE ε3/ε3
homozygotes (the most common APOE allele combination in US adults). In
contrast toAPOE ε4 carriers,APOE ε2 carriers have a substantially lower lifetime
risk of developing AD.22

Given the role of the APOE allele in AD risk, therapeutic developments that
specifically target this pathway are under way.23 In less than 1% of all AD cases,
dominantly inherited mutations of the amyloid beta precursor protein (APP)
gene, presenilin 1 (PSEN1) gene, or presenilin 2 (PSEN2) gene result in
early-onset AD. However, in the vast majority of individuals with late-onset AD,
the genetic contribution to AD is likelymultifactorial asmore than 30 genetic loci
have currently been identified and are related to a number of different processes
(eg, cholesterol metabolism, lysosomal pathways and endocytosis, immune
pathways). In the future, a polygenic risk score or hazard risk score could be used
to identify an individual’s risk of developing AD as part of the vision of precision
JUNE 2022
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● The older an individual is,
the less likely a positive
biomarker for Alzheimer
disease (AD) is to represent
the sole cause of the
dementia syndrome, but
negative AD biomarkers
strongly suggest a non-AD
dementia syndrome.

● The positive predictive
value of positive AD
biomarkers in determining
AD as the primary cause for
dementia increases when
used in people in their fifth
to seventh decades
compared to when used in
people their eighth to tenth
decades.

● The currently available
data support the need for
screening of sleep-related
disorders in the evaluation
of patients with cognitive
impairment.
medicine applications to AD,24 although currently the clinical application of the
polygenic risks remains limited (CASE 1-2).

MODIFIABLE RISK FACTORS. The evidence on modifiable risk factors is based on
both observational studies and interventional studies (ie, randomized clinical
trials). Although discrepancies remain in the magnitude of specific risk factors
on developing AD, relatively consistent evidence exists for a number of
protective factors and detrimental health and lifestyle risk factors across the life
cycle (FIGURE 1-225).

Based on a 2020meta-analysis of nearly 400 studies published worldwide, the
strongest evidence for protective factors was found for length of childhood
education, a higher body mass index in older adults, and participation in
cognitively active activities.25 Eight factors were found to have the strongest
negative effects: diabetes, orthostatic hypotension, hypertension inmidlife, head
trauma, stress, depression, midlife obesity, and coronary artery bypass grafting
surgery. Additionally, midlife exercise may decrease the risk of developing AD in
a dose-dependent manner,26 and interventional studies in those older than
65 years of age suggest that exercise may decrease the likelihood of developing
dementia. It has been suggested that hyperhomocysteinemia may increase the
risk of late-life dementia and that treatment with a combination of folic acid and
vitamins B6 and B12 may decrease the risk of developing AD.27

Asmost neurologists will encounter patients who are symptomatic, the impact
of many of these risk factors at that stage of the disease is likely minimal.
However, a knowledge of the modifiable risk factors is important for counseling
adult children who often accompany their parents for evaluations.

Although links exist between alterations in the circadian system and AD, the
causality between sleep disorders and neurodegeneration remains uncertain. It is
clear that disruptions of sleep rhythm can be detected in those at risk of developing
AD based on changes in CSF biomarkers28,29 and that obstructive sleep apnea
likely contributes to an acceleration of changes in AD biomarkers in cognitively
normal and mildly cognitively impaired individuals.30,31 Preliminary evidence
indicates that treatment of obstructive sleep apneamay improve AD biomarkers.31 At
a minimum, the currently available data support the need for screening of sleep-
related disorders in the evaluation of patients with cognitive impairment.

An infectious etiology of AD has been proposed by some researchers over the
past 2 decades. A number of population-based studies fromAsia32,33 and Europe34

have suggested that infection with herpesvirus type 1 or type 2 or varicella-zoster
virus may increase the risk of late-life dementia and that treatment with antiviral
medications may reduce the risk, but the strength of this association remains
unclear. Current trials of antiviral therapies in patients with AD are under way
and may provide more direct evidence of the role of neurotropic viruses and
dementia progression.35

CLINICAL SYNDROME AND DIAGNOSTIC APPROACH
The diagnosis of AD remains grounded in the clinical evaluation, with
supporting and confirmatory evidence coming from diagnostic studies. The
focus in this article is primarily on the amnestic-predominant symptoms and
how best to determine whether or not AD-related neuropathologic changes
are the likely cause. Key to an accurate diagnosis is access to an informant who
knows the patient well and can provide observations of the temporal course of
CONTINUUMJOURNAL.COM 651
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CASE 1-1 A 52-year-old right-handed woman with 16 years of education was
referred because of an 18-month history of difficulty with occupational
performance in her job as a high school teacher (eg, difficulties in
preparing lessons, problems with learning students’ names) and
difficulties with focus (eg, problems with filling out tax documents and
college aid paperwork, misplacing items). She had good insight into her
cognitive changes and provided a number or specific examples of where
she had noted changes from prior abilities. However, she was still
working, shopping, cooking, and managing her schedule and reported no
difficulties with navigation when driving or problems with forgetting
conversations or events. She was healthy and had no family history of
neurodegenerative diseases and no history of head injuries. She was
initially diagnosedwith adult-onset attention-deficit disorder and started
on methylphenidate with no improvement. Following the initial dementia
evaluation, a fludeoxyglucose positron emission tomography (FDG-PET)
was obtained, which showed prominent hypometabolism of the parietal
regions bilaterally and asymmetric left hemisphere temporal and frontal
lobes (FIGURE 1-1A). She was referred for a second opinion for possible
frontotemporal dementia due to temporal and frontal hypometabolism.

Her neurologic examination was remarkable for dyscalculia, mild left/
right confusion with normal praxis, and fluent speech with frequent
paraphasic errors and difficulty with repetition but normal naming.
Cognitive testing demonstrated severe executive cognitive difficulties,
impaired verbal fluency, and only mild verbal and visual learning and
memory difficulties. Brain MRI showed mild atrophy and significant
microhemorrhages in cortical areas suggestive of cerebral amyloid
angiopathy (FIGURE 1-1B), thus inferring the additional presence of fibrillar
amyloid-β plaques.

COMMENT This case illustrates a nonamnestic-predominant cognitive pattern seen
more commonly (but not exclusively) in early-onset Alzheimer disease. The
patient exhibited a pattern referred to as the frontal-executive or
dysexecutive pattern14 that is frequently misdiagnosed as an attention-
deficit disorder or anxiety disorder. The lack of changes in behavior and
personality along with the patient’s retained insight distinguish this from
typical behavioral variant frontotemporal dementia, and the presence of
MRI findings consistent with cerebral amyloid angiopathy in a 52-year-old
with no history of head injuries, bleeding disorder, or hypertension is
strongly suggestive of amyloid-β pathology, supporting a diagnosis of
Alzheimer disease as the likely cause of her symptoms and abnormal FDG-
PET scan.
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FIGURE 1-1
Imaging of the patient in CASE 1-1. A, Fludeoxyglucose positron emission tomography
(FDG-PET) scan shows prominent hypometabolism of the parietal regions bilaterally and
asymmetric left hemisphere temporal and frontal lobes. Color represents difference
relative to normal population, yellow-red indicating more severe hypometabolism. B, Axial
susceptibility-weighted imaging (SWI) shows cerebral microbleeds (arrows) in a cortical
distribution, supportive of cerebral amyloid angiopathy in an early-onset Alzheimer disease
presentation.
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symptom development and the degree of functional impairment resulting
from the cognitive impairment. The American Academy of Neurology (AAN)
guidelines for the diagnosis of dementia recommend a cognitive screen,
structural brain imaging (MRI or CT), screening for depression, and assessment
of serum thyroid-stimulating hormone (TSH) and vitamin B12 levels.

36 Although
these recommendations capture the minimum that should be performed, a
thorough review ofmedications, potential toxic exposures (eg, excessive alcohol,
occupational exposure), and modifiable factors that may contribute to cognitive
decline should be included as part of any assessment of a patient with possible
dementia. Additionally, a thorough review of the family history, particularly of
first-degree relatives, should be performed for the ascertainment of dementia or
related neurodegenerative diseases. As part of the initial assessment and follow-
up, a review of legal and safety issues should also be performed. For more
information on fluid-based biomarkers, refer to the article “Fluid Biomarkers in
Dementia Diagnosis” by Suzanne E. Schindler, MD, PhD,37 and for more
information on imaging-based biomarkers, refer to the article “The Value of
Neuroimaging in Dementia Diagnosis” by Cyrus A Raji, MD, PhD, and Tammie
L. S. Benzinger, MD, PhD,38 in this issue of Continuum.
A 53-year-old woman presented for consultation for memory problems.
She worked as a project manager and reported difficulty in recalling
names of new teammembers and keeping track of timelines and that she
had recently missed a meeting because she had forgotten about it. Her
partner reported no difficulties with activities at home and no consistent
memory problems. Her past medical history was notable only for
untreated obstructive sleep apnea and prediabetes. Her 83-year-old
mother had been diagnosed with dementia 3 years earlier, and her
maternal grandfather had dementia in his midseventies. The patient had
been told that her mother carried an APOE ε4 allele when she had taken
part in a research study.

Her examination was normal, including performance on detailed
neuropsychological testing. Thyroid-stimulating hormone (TSH) and
vitamin B12 levels were normal. Although she was reassured about her
normal test results, she asked about purchasing a direct-to-consumer
genetic test for Alzheimer disease (AD). She was advised to begin
treatment of her obstructive sleep apnea and to consult with a dietitian
about treating her prediabetic state.

Although commercial testing for AD genetic risk is available, mostly based
on the APOE gene, the benefit of testing in adults with no clear cognitive
symptoms is limited. The lack of an early-onset pattern of dementia would
not support referral to genetic counseling for possible autosomal dominant
AD. In adults with a family history of late-onset AD, information on
modifiable risk factors should be provided as the current best practice. If
disease-modifying therapies are identified, genetic testing for AD risk
genes may have utility.
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FIGURE 1-2
A life course Alzheimer disease (AD) risk estimate (relative risk [RR]) of potential modifiable
risk factors based on evidence (Level A or Level B) from publications. The lower half
represents potential protective factors, and the upper half represents potential risk factors.
The length of the horizontal lines indicates the age at which each risk factor may have the
greatest impact and therefore the point of intervention.
CVD = cardiovascular disease; IMT = intima-media thickness; OH = orthostatic hypotension.

Reprinted with permission from Yu J-T, et al, J Neurol Neurosurg Psychiatry.25 © 2020 BMJ Publishing Group Ltd.
Clinical Approach
Because the process of neurodegeneration in AD evolves over many years during
which synaptic and neuronal loss occurs, the symptomatic phase represents the
end stage of a 1- to 2-decade process that once fully established is inexorably
progressive. Once symptoms appear, the time to death is most commonly in the
range of 7 to 10 years.39,40

Additionally, a period of time of mild to moderate synaptic dysfunction likely
exists before severe neuronal loss, during which symptoms are inconsistent
and/or very mild. Likewise, at an individual level, the expression of the disease
can vary significantly between patients. Nonetheless, patterns of cognitive
decline occur that are more common in AD and likely reflect regional
vulnerability that is intrinsic to the aging human brain41-43; in AD, this is typically
visual and verbal memory. Additionally, it is important to recognize that the
progression of AD is associated frequently with noncognitive symptoms (eg,
mood disorders, motor changes, circadian rhythm alterations).

Prodromal/Early Alzheimer Disease/Mild Cognitive Impairment
At the earliest stages of AD, before significant functional impairment (ie,
impairment of instrumental activities of daily living that eventually result in the
loss of independent function), subtle cognitive changes can often be detected by
CONTINUUMJOURNAL.COM 655
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patients or their collateral source. Multiple terms are used for the earliest
detectable stages of cognitive decline, including prodromal AD; very early AD;
mild cognitive impairment (MCI); and cognitively impaired, with no dementia.
The major distinguishing factor between these terms is the establishment of the
underlying cause (ie, a neurodegenerative or non-neurodegenerative cause),
which should be the goal as it has significant implications for determining the
likelihood of progression. The evaluation of a patientwithmild cognitive changes
should answer four key questions:

u Is the cognitive symptom clearly a decline from the patient’s previous cognitive level?

u Is the cognitive symptom consistent?

u Does the symptom have a clear effect on the patient’s day-to-day function?

u Does the patient show clear evidence of impairment on cognitive assessment?
A 71-year-old man presented for evaluation of concerns from his family
over inconsistent memory problems (eg, repeating himself, misplacing
items) and depressive symptoms. Two years earlier, he had a right
subcortical stroke with mild motor symptoms. The family reported mild
depressive symptoms only partially responsive to sertraline. He
continued to complete projects around the home and had no driving
issues, but he required increased reminders for appointments and
medications and had beenmorewithdrawn from family activities. Hewas
a retired plumber.

His neurologic examination was remarkable for subtle left upper
extremity pronator drift only. HisMontreal Cognitive Assessment (MoCA)
score was 26/30 (>26/30 normal) (-2 on recall, -1 on serial 7s, -1 on clock
drawing), and he endorsed 7/15 (<5 normal) items on the Geriatric
Depression Scale short form. MRI demonstrated a right internal capsule
lacune and mild periventricular fluid-attenuated inversion recovery
(FLAIR) hyperintensities. CSF analysis found a decreased amyloid-β42
level and elevated phosphorylated tau at position 181 (p-tau181) and
total tau levels consistent with a biomarker pattern of Alzheimer
disease (AD) as the probable cause for the patient’s mild cognitive
changes.

The availability of commercial platforms for testing AD CSF biomarkers has
increased the number of diagnostic tools for neurologists. This case
highlights a scenario in which biomarkers can be especially helpful in
determining whether subtle cognitive changes are attributable to AD,
particularly when other potential causes for cognitive problems are
identified. The patient’s relatively young age at symptom onset increases
the probability that the AD biomarker results represent a true positive test
result and are the likely cause of the patient’s symptoms.
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KEY POINTS

● The American Academy
of Neurology guidelines for
the diagnosis of dementia
recommend a cognitive
screen, structural brain
imaging, screening for
depression, and assessment
of serum thyroid-stimulating
hormone and vitamin B12
levels. Although these
recommendations capture
the minimum that should be
performed, a thorough
review of medications,
potential toxic exposures,
and modifiable factors
should be included as part
of any assessment of a
patient with possible
dementia.

● Although not definitive,
the presence of AD-specific
biomarkers increases the
likelihood of progression to
dementia in patients with
mild symptoms.

● The presence of
hippocampal atrophy on
brain MRI is insufficient to
diagnose AD as the cause of
mild cognitive impairment.

● The most common core
cognitive domain affected in
AD is episodic memory.
The higher the number of positive responses to these questions, the higher the
probability that the patient’s symptoms represent the earliest stages of a
progressive neurogenerative disease (regardless of the term used to define it).
The most common diagnostic term currently used for patients in the earliest
stages of cognitive decline is MCI. MCI is meant to identify a transition state
between normal cognition in older adults and dementia (which requires an
associated functional decline) and represents a risk state for developing
dementia, particularly in the case of amnestic MCI. A limitation of MCI as a
diagnosis is that it is agnostic to the underlying cause; subsequently, a wide range
of prevalence and risks of progression has been reported. Moreover, the
diagnosis of MCI as most commonly used has relied on a distinction between
normal or impaired function to distinguish MCI from dementia. However, in
most instances, the point at which mild cognitive changes begin to impact
day-to-day function, even subtly, is when individuals are likely to seek medical
guidance. Therefore, a strict reliance on normal function but impaired cognitive
abilities to make a diagnosis of MCI or dementia, particularly in a progressive
neurodegenerative disorder with a high level of interindividual variability, may
become somewhat arbitrary. For example, a 2018 meta-analysis from the AAN
Practice Guidelines44 found a risk of progression from MCI to dementia over
2 years of 14.9% (95% confidence interval, 11.6%-19.1%) but a chance of
reversion to normal of 14% to 39%. However, in those with evidence of a positive
amyloid-β (Aβ) biomarker (as determined by amyloid PET), the risk of
conversion to dementia in 2 years is likely between 22% and 50%.45,46 Therefore,
in addition to assessing for reversible causes of cognitive changes, efforts to
identify a neurodegenerative source should be the primary goal if a diagnosis of
MCI is considered. If access to specific CSF- or PET-based biomarkers is limited,
the use of MRI to evaluate for evidence of global or hippocampal atrophy can
provide support for both a probable underlying neurodegenerative cause and for
risk of progression. However, a recent Cochrane Review of the use of MRI
measures of hippocampal volumes did not find strong enough evidence to
suggest the use of MRI alone in predicting a neurodegenerative cause for MCI.47

When AD is the probable cause of early cognitive decline/MCI, the most
frequently reported symptoms are related to changes in episodic memory, both
verbal and nonverbal (CASE 1-3). In addition to asking about specific examples
(eg, misplacing items, forgetting appointments, repeating questions, getting lost,
forgetting to pay bills), it can be helpful to inquire about autobiographical events
from the past 1 to 4 weeks, corroborated by an informant.48

Basic cognitive screening assessments (eg, theMini-Mental State Examination
[MMSE], the Montreal Cognitive Assessment [MoCA]) may be normal but in
the case of early AD will typically demonstrate some difficulties with memory.
Following amnestic deficits, dysexecutive problems are commonly reported
in the early stages of AD (eg, poor decisions while operating a motor vehicle
or in managing complex paperwork/financial decisions). Although no
appropriately powered studies have directly compared all cognitive screening
tests, evidence indicates that the MoCA (with a cutoff of 24 or 25) is likely more
sensitive and specific in detecting the earliest stages of cognitive impairment
than the MMSE.49 In the case of very mild symptoms, a comprehensive
neuropsychological assessment, if available, can be helpful in confirming and
quantifying the level of impairment. Screening for a mood disorder, such as
depression, anxiety, or apathy, can provide information supportive of an
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underlying neurodegenerative cause for the mild cognitive symptoms. Mild
behavioral impairment is considered a risk state for neurodegenerative dementia
and is defined as the emergence of mild neuropsychiatric symptoms in late life in
cognitively normal individuals.50,51

During the early stages of the disease, it is also important to review legal issues
related to health and financial decisions (eg, durable power of attorney,
end-of-life medical decisions) with patients and their supporters to best ensure
the patient’s autonomy is respected by allowing them to inform these decisions.

Mild to Moderate Symptoms
When a patient is evaluated at the stage at which a clear decline in cognitive
function relative to previous levels is seen and the decline results in impairment
of independent function (ie, meeting the criteria for dementia), beyond ensuring
a nonreversible cause, the focus is to determine the probable cause. As AD
progresses to the mild to moderate stages, the overall clinical picture remains
primarily a cognitive-predominant syndrome (worsening memory, increasing
language problems, and greater visuospatial decline). A pattern of early and
progressive episodic memory remains the most common core symptom in
typical AD. The appearance of significant movement disorders, behavioral
changes, pronounced hallucinations, or severe hypersomnia, even at the
moderate stage, should prompt consideration of another diagnosis or at least
pronounced copathology. However, mild motor symptoms, mood disorders
(primarily affective disorders), and circadian rhythm changes emerge during the
moderate stages of AD dementia (FIGURE 1-3).
FIGURE 1-3
Cognitive and noncognitive symptoms associated with Alzheimer disease progression.
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● Mild behavioral
impairment is considered a
prodromal dementia
syndrome of newly
developed neuropsychiatric
symptoms in cognitively
normal older adults.

● The presence of
noncognitive problems
characteristic of the
moderate to severe stages
of AD in patients with only
mild cognitive symptoms
should raise concern for an
alternative diagnosis.
It is also during the moderate stages of disease that judgment and
decision-making abilities may begin to be significantly affected, resulting in a
decline in independent function (eg, driving, managing financial decisions,
shopping and cooking unaided, difficulty with using appliances/television/
computer/mobile phone). Therefore, a careful review of safety is important
during each assessment. It is the loss of independent function that typically
marks the transition to the moderate stages of AD. The loss of independence in
basic activities of daily living (eg, dressing, personal hygiene, preparation of
simple meals, and chores) that results in a major increase in burden for those
caring for patients with AD typically begins during the moderate stages of the
disease (MMSE <18).Moreover, the decline in judgment that occurs increases the
risk of issues of safety, necessitating a review of driving performance,
prohibiting access to firearms, and an assessment of an individual’s ability to be
left unsupervised. Social workers, geriatric case managers, and memory care day
programs can be instrumental in dealing with the loss of function that occurs
with AD and relieving caregiver stress.

Behavioral and Noncognitive Symptoms
In most instances, as the neurodegeneration progresses to the moderate AD
stage, the frequency of noncognitive symptoms increases significantly. Although
the transition from mild to moderate to severe symptoms is more fluid than
outlined in FIGURE 1-3, the presence of noncognitive problems characteristic of
the moderate to severe stages in patients with only mild cognitive symptoms
should raise concern for an alternative diagnosis. During the stage of mild to
moderate disease, problems with incontinencemay begin to develop and continue
to worsen into the more severe stages. Because of the impact incontinence can
have on patients getting out of the home, it is important to evaluate for this and
provide options formanagement or referral to an appropriate health care provider.

PSYCHIATRIC SYMPTOMS.Although mild irritability and mood changes are
common during the initial stages of AD, the frequency and magnitude of these
increases during the moderate stages. Agitation, depressive symptoms, and
anxiety are more common and may impact patient safety. Moreover, with
progression of cognitive decline, particularly when MMSE scores fall below 20,
the frequency of psychotic symptoms, primarily delusions (eg, paranoia,
accusations of infidelity of spouses, misidentification of familiar individuals or
environments) but also hallucinations (eg, simple visual hallucinations of objects
or people), increase significantly and may reach as high as 50% of patients.52,53

From a prognostic standpoint, the presence of psychotic symptoms is also
associated with a more rapid progression and higher rate of entering an
institutional setting (CASE 1-4).53

NONCOGNITIVE SYMPTOMS. Like psychiatric and behavioral symptoms, the
development of non-neuropsychiatric symptoms increases significantly during
the moderate to severe stages of disease. These symptoms can be classified as
motor or nonmotor. In moderate AD during the stage of significant functional
impairment, extrapyramidal symptoms, mild tremor, and myoclonus develop in
approximately 30% to 50% of patients, and clinical seizures range from 2% to
15%.54-57 Relative to non-AD and non–Lewy body dementias, myoclonus and
seizures are likely less common in vascular and frontotemporal dementia,57
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which can be used as a clinical symptom to help differentiate AD from
non-AD dementias.

DISORDERS OF HOMEOSTASIS/HYPOTHALAMIC FUNCTION. Both circadian rhythm
disorders (particularly insomnia and increased sleep fragmentation) and weight
loss tend to increase as AD progresses. These changes are suggested to reflect
degeneration of the hypothalamus.58 As sleep disorders are not uncommon in
most neurodegenerative disorders at some point, patterns of circadian disruption
may be used to help distinguish between the different disorders. For example,
dementia with Lewy bodies is commonly associated with sleep disorders, but
evidence suggests greater daytime sleepiness (more than 2 hours) and more
frequent fluctuations of arousal and orientation are seen in dementia with Lewy
bodies than in AD.59 For more information on dementia with Lewy bodies, refer
A 73-year-old healthy right-handed man presented for evaluation of a
1-year history progressive cognitive and functional decline and
psychiatric symptoms. During a vacation 1 year earlier, he became lost
while driving back to his hotel. His wife reported that in the 12 months
since, he haddemonstrated difficultieswithmanaging home finances and
the schedule for a club he was involved in and now needed reminders to
take his medications. Five months before this evaluation, he had
developed anxiety and paranoid delusions without hallucinations, which
required a brief psychiatric hospitalization seemingly precipitated by an
acute medical issue experienced by his wife. His wife reported that he
had no significant motor problems, sleep problems (eg, hypersomnia or
rapid eye movement [REM] sleep behavior disorder symptoms). He was
otherwise healthy but had a long-standing history of anxiety. He was
taking clonazepam 0.5 mg/d and quetiapine 50 mg at night. His family
history was remarkable for mild dementia in his mother in her late
eighties. The patient was a retired computer programmer.

The neurologic examination was remarkable for subtle left upper
extremity rigidity and mild slowing of gait but no apraxia, neglect,
agnosia, tremor, or micrographia. Cognitive testing identified impaired
verbal memory and executive functionwith normal semanticmemory and
visuoconstruction (as demonstrated by clock drawing and intersecting
pentagons). Brain MRI brain was remarkable for mild cortical atrophy.

Themotor findings suggested the possibility of a Lewy body dementia.
However, amyloid positron emission tomography (PET)was obtained, and
the patient was found to have moderate to severe amyloid-β plaques
suggestive of Alzheimer disease (AD) pathology as the cause of his
symptoms (FIGURE 1-4).

Over the next 3 years, his delusions persisted and required increasing
treatment; he also had significant cognitive and functional decline (with
Mini-Mental State Examination [MMSE] score declining from 25 to 10 in
3 years) and developed generalized tonic-clonic seizures. He died 5 years
after diagnosis.
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to the article “Cognitive Syndromes Associated With Movement Disorders” by
Jennifer G. Goldman, MD, MS, FAAN, and Samantha K. Holden, MD, MS,60 in
this issue of Continuum. Disorders of sleep can be distressing for caregivers of
patients with AD and require a comprehensive approach to treatment.

Age of Onset in Alzheimer Disease
Although AD incidence begins to increase substantially in the eighth decade, AD
also is the most common cause of dementia with onset in the fifth to seventh
decades of life. Some important points should be considered when evaluating
those younger than 65 years of age. First, a nonamnestic (focal variant)
presentation is more common in early-onset AD, often leading to an initial
misdiagnosis (eg, anxiety disorder, adult attention-deficit disorder). The focal
variants of AD typically fall into three broad categories: a visuospatial variant, a
COMMENTThis case represents a patient with AD with severe psychiatric symptoms.
Although a combination of AD and dementia with Lewy bodies cannot be
ruled out, the patient’s relatively young age (72 at symptom onset), lack of
significant parkinsonism and other supportive signs of dementia with Lewy
bodies, and presence of confirmatory AD biomarkers suggests a high
probability of AD as the primary cause. The patient’s relatively rapid
progression highlights a more aggressive phenotype than is typical in
patients with AD.

FIGURE 1-4
Imaging of the patient in CASE 1-4. Amyloid positron
emission tomography (PET) shows reduced gray-
white matter differentiation of the bilateral frontal,
parietal, and posterior-lateral temporal areas on
florbetapir PET scan suggestive of moderate to
severe amyloid-β neuritic plaques. Dark (black)
regions in frontal and parietal cortices indicate
retention of florbetapir tracer to amyloid plaques.
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language variant, and a frontal-executive/behavioral variant.14 For more
information on AD variants, refer to the article “Atypical Alzheimer Disease
Variants” by Angelina J. Polsinelli, PhD, and Liana G. Apostolova, MD, MSc,
FAAN,61 in this issue of Continuum. However, in the majority of cases, cognitive
assessments of patients with early-onset AD will still identify a clear amnestic
pattern (FIGURE 1-5).62

Second, the rate of progression in patients with early onset may bemore rapid
than the typical amnestic-predominant pattern most common in later ages of
onset. However, postmortem studies suggest that rather than the age of onset as
the determinant of the rate of progression, it more likely the pattern of regional
neurofibrillary tau pathology burden that determines the rate of progression63;
specifically, patients with evidence of a greater ratio of neurofibrillary tau
pathology outside of the temporal lobes to that in the hippocampus
(hippocampal sparing) had evidence of a significantly faster rate of progression
than those with neurofibrillary tau pathology limited to the hippocampus and, as
a group, were younger. In the clinical setting, this may be approximated with
cognitive testing demonstrating a greater ratio of nonmemory test impairment to
memory impairment and MRI patterns of atrophy demonstrating greater
cortical-to-hippocampal atrophy (FIGURE 1-6).

Third, an important consideration in patients with early-onset AD, particularly
those younger than 55 years of age, is the increased possibility of a dominantly
inherited mutation. In the presence of a family history with two or more
generations of early age of onset, particularly with multiple family members
FIGURE 1-5
Initial pattern of cognitive syndrome for patients with autopsy-proven Alzheimer disease
based on age of onset. Of patients with onset before the age of 60, 26% initially manifested
with nonamnestic-predominant symptoms compared to 10% in those between the ages of 70
and 79 and 6% in those older than 79 years of age.

JUNE 2022

rican Academy of Neurology. Unauthorized reproduction of this article is prohibited.



KEY POINT

● The presence of atypical
motor features (eg,
spasticity, ataxia) in a
patient with confirmed
early-onset AD (with
biomarker support) should
raise concern for a possible
dominantly inherited
mutation.

FIGURE 1-6
Disproportionate cortical-to-hippocampal atrophy. Coronal (A) and axial (B) T1-weighted
images of a 67-year-old with a dysexecutive-predominant clinical phenotype. The arrow
highlights a relatively normal left hippocampal volume relative to the significant cortical
atrophy (left hemisphere greater than right, white circle). Of note, the coronal image
highlights an oblique angle of scan, resulting in asymmetric view of hippocampi and
pseudoatrophy.
per generation, a genetic cause should be considered and referral for genetic
counseling discussed with patients and families. A 2019 study in France found
that greater than 10% of individuals without a clear family history and an age
younger than 51 at symptom onset were found to have a dominant AD
mutation.64 Additionally, the presence of atypical motor features (eg, spasticity,
ataxia) in a patient with confirmed early-onset AD (with biomarker support)
should also raise concern for a possible dominantly inherited mutation.

Finally, in those with a younger age of onset, AD biomarkers can be
particularly helpful in confirming a diagnosis of AD over a non-AD cause. With
increasing age, the probability of having evidence of AD-related neuropathologic
changes, particularly Aβ plaques, in the absence of clinical symptoms increases,
particularly in the eighth to tenth decades of life.16 The likelihood of an individual
with cognitive decline having evidence of abnormal Aβ–related biomarkers in
the eighth to tenth decades, regardless of whether it is likely to be the primary
cause, is much higher. The positive predictive value of abnormal AD-related
pathologic biomarkers (CSF or PET) is therefore greater in younger patients.15

PATHOLOGY AND PATHOLOGY-RELATED BIOMARKERS
The core pathologies of AD are extracellular aggregated Aβ plaques and
intracellular neurofibrillary tau tangles. Although neurofibrillary tau and Aβ
plaques are typically conceptualized as static homogeneous hallmarks of AD
pathology, recent work from postmortem tissue has elucidated the
microstructural pattern of tau pathology in AD relative to non-AD tauopathies65,66

and highlighted how individual differences in the rate of progression of ADmight
relate to distinct differences in the structure of both Aβ plaques and neurofibrillary
tau.67 Recent cryogenic electron microscopy has been able to identify distinct
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microstructural changes related to the different tauopathies that may help
us to understand some of the reasons for distinct clinical syndromes.
Additionally, for tau in particular, evidence exists that differences in the
phosphorylation patterns between individuals might account for differences
in the rate of progression.68 As the number of tau-related (phosphorylation,
truncation) peptides that can be measured in the CSF and serum has
significantly expanded,69-72 it will be important to determine whether the
developments in fluid biomarkers of tau and Aβ will be able to more accurately
predict clinical progression orwhether their utilitywill be limited to distinguishing
AD from non-AD causes of dementia.

Pathology-related Biomarkers
Recently, major advances have been made in the development of imaging and
fluid biomarkers that represent different components of amyloid and tau-related
pathologic changes, which allow for an increase in the accuracy of diagnosis
before death. For more information, refer to the section on diagnostic approach
in this article and to the articles “Fluid Biomarkers in Dementia Diagnosis” by
Suzanne E. Schindler, MD, PhD,37 and “The Value of Neuroimaging in Dementia
Diagnosis” by Cyrus A. Raji, MD, PhD, and Tammie L. S. Benzinger, MD,
PhD,38 in this issue of Continuum. Efforts have been made to integrate these
biomarkers into the classification of individuals, primarily in research cohorts.73

Recognizing the need for abnormal amyloid and tau pathology to confirm the
diagnosis of AD, along with the hallmark neurodegeneration of the disease, a
recent biomarker-based classification scheme was proposed to identify AD-
related pathophysiologic profiles, called the A/T/N (for amyloid, tau, and
neurodegeneration) criteria (TABLE 1-1).73 Within this classification system, the
use of AD-specific and nonspecific biomarkers are dichotomized as normal or
abnormal to provide eight possible combinations, with A-/T-/N- suggesting very
low probability of AD-related biomarker changes and A+/T+/N+ suggesting a
high probability of AD-related biomarker changes and different combinations
between of various levels of uncertainty. Although the A/T/N classification is
Current Biomarker Measurements Representing the Different
Pathophysiologic Processes of Alzheimer Disease in the Amyloid/Tau/
Neurodegeneration Criteria

omarker Brain imaging biomarker

40 and 42; plasma Aβ42/
tio

Amyloid PETa

osphorylated tau
plasma p-tau

Tau PETb

al tau; CSF neurofilament
ain (NfL); plasma NfL

FDG-PET hypometabolism characteristic of Alzheimer disease;
MRI (volumetric changes) characteristic of Alzheimer disease

fludeoxyglucose positron emission tomography; MRI = magnetic resonance imaging; PET = positron

include florbetaben F 18, florbetapir F 18, and flutemetamol F 18.
ude flortaucipir F 18.
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meant to remain distinct from a clinical diagnosis, its application to those with
cognitive impairment should increase the diagnostic accuracy of AD or non-AD
dementia in patient evaluations and might provide helpful information on
predicting the likelihood of future decline in those with very mild symptoms.74

However, the true application of these new research-based criteria needs
validation and is likely to undergo further revisions.75

Positron Emission Tomography–based Biomarkers
Currently four tracers for Aβ plaques and neurofibrillary tau have been approved
by the US Food and Drug Administration (FDA). For both Aβ and tau
pathologies, postmortem studies have demonstrated a strong regional correlation
between premortem PET scans and postmortem pathology. Subsequently, both
are considered valid markers for AD-related Aβ plaque and neurofibrillary tau
changes in those with symptoms of dementia. Additionally, preliminary studies
suggest that regional tau PET tracer retention correlates broadly with different
clinical phenotypes of AD (FIGURE 1-7).76 However, it should be noted that
current tau PET tracers do not accurately identify non-AD–related tau
aggregates, suggesting that currently approved tau PET tracers are more specific
to AD-related tau pathology. However, currently AD-specific PET scans
(Aβ plaque and tau PET) are not reimbursed by Medicare or private insurers in
FIGURE 1-7
Regional tau positron emission tomography (PET) correlates with Alzheimer disease clinical
phenotypes.Tau PET binding in Alzheimer disease highlights the differences in the pattern of
neurofibrillary tau burden that reflects differences between amnestic and nonamnestic-
predominant phenotypes. Color scale represents standardized uptake value ratio (SUVR),
with yellow-red representing regions of higher retention of tau PET tracer.
PPA = primary progressive aphasia.

Reprinted with permission from Ossenkoppele R, et al, Brain.76 © 2016 Oxford University Press.
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the United States, thereby significantly limiting the utility of this diagnostic
modality in clinical practice.

Fluid-based Biomarkers
The most well-established fluid biomarkers of AD pathophysiologic changes
are from the CSF: Aβ42 and Aβ40 peptides, total tau, and p-tau.77 The typical
pattern of AD is low Aβ42 levels (which are proposed to occur as soluble
Aβ42 is sequestered into Aβ plaques) and elevated p-tau and total tau (which
are proposed to represent the changes in tau metabolism and release from
neurons in response to Aβ plaques). However, major advances have recently
been made in the development of validated blood-based biomarkers of both
Aβ and AD-related tau changes.78 One blood-based biomarker has received
a Breakthrough Device designation from the FDA and is now available in the
United States.79,80 (Readers should note that the blood-based amyloid-β test
is licensed by C2N, which was cofounded by colleagues of Dr McDade.
Washington University will receive royalties from the use of this test, but
Dr McDade will not receive personal compensation.) The blood-based
biomarkers may become an important tool for diagnosing AD should current
findings from the research cohort translate to clinic- and community-based
populations. Additional blood-based biomarkers specific to AD-related
changes of tau71 and nonspecific markers of neurodegeneration (eg,
neurofilament light chains [Nfl]) and central nervous system immune
function (glial fibrillary acidic protein [GFAP])81 are likely to improve the
diagnostic and prognostic capabilities of neurologists in the near future as well.
Comorbid Conditions and Associated Treatments as Part of a
Comprehensive Approach to Treating Alzheimer Diseasea

Treatment approach

lic acid Folic acid supplementation, vitamin B12 supplementation, review diet for any
major deficiencies

Antihypertensives, diet, exercise

Adequate hydration, supportive stockings, pharmacologic therapy for refractory
cases

tion Structured activity programs (memory care day programs), in-home services
(social support), scheduled activities outside of the home (with opportunity for
respite care for primary caretakers)

se Remove access, educate family/caregivers on need for removal

ergic/ Discontinue and identify alternative therapies to treat symptoms being targeted
(insomnia, incontinence, seasonal allergies)

Weight loss, continuous positive airway pressure (CPAP), oral device, avoidance
of central-acting sedatives

Increase daytime activities, limit caffeine, address medications potentially
contributing (selective serotonin reuptake inhibitors [SSRIs], antihypertensives),
alcohol use, melatonin and judicious use of nonbenzodiazepine sedatives

t have been performed for each comorbidity to provide a specific class of recommendation.
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KEY POINTS

● A decrease in CSF Aβ42
and an increase in CSF
phosphorylated tau and
total tau is the pattern
specific for AD.

● Current tau positron
emission tomography
tracers are specific to AD-
related tau conformational
changes and not to non-AD
tauopathies.

● Currently three amyloid
positron emission
tomography (PET) tracers,
one tau PET tracer, and a
Breakthrough Device
Designation for one blood-
based biomarker of amyloid
pathology have been
approved by the US Food
and Drug Administration.
TREATMENT OF ALZHEIMER DISEASE
The therapeutic approach to AD is broad and covers pharmacologic and
nonpharmacologic considerations that are highlighted below. Additionally, the
stress associated with caregiving of individuals with AD requires consideration of
care plans that extend to both the patient and their support network.

General Approach
The treatment of AD requires a comprehensive pharmacologic and
nonpharmacologic approach that evolves with disease progression and targets
both the cognitive and noncognitive symptoms (TABLE 1-2). With the decline in
functional abilities (day-to-day activities), the alterations of circadian rhythm,
and the frequent neuropsychiatric symptoms that occur in individualswith AD, a
tremendous caregiver burden often occurs; addressing these issues is part of the
overall treatment plan. Although the underlying neurodegenerative process is
the cause of the progressive symptoms of AD, other medical comorbidities likely
exacerbate some of the symptoms and may accelerate the progression of the
disease and thus should addressed.

Cognitive Impairment
No disease-modifying therapies for AD or new therapies had been approved by
US regulatory agencies since 2003 until the Accelerated Approval indication
granted by the FDA for aducanumab in June 2021. Aducanumab is an anti-Aβ
immunotherapy that has demonstrated a strong effect on Aβ plaque reduction
(asmeasured by amyloid PET).82 However, the clinical benefit of aducanumab in
mild AD remains controversial as the approval was, in fact, based primarily on
the ability of the drug to reduce Aβ pathology and an assumption that the
reduction of Aβ pathology would result in a slowing of cognitive decline.83

Additional recent phase 2/3 studies of other anti-Aβ immunotherapies have
suggested therapeutic benefit,84 and trials are under way to better test the
potential benefit of removing Aβ plaques in symptomatic AD.

Aducanumab has been approved for the treatment ofMCI due to AD andmild
AD dementia (MMSE score >23 or Clinical Dementia Rating [CDR] of 0.5 ,which
indicates very mild dementia) and, although not explicitly listed in the drug’s
label, requires the presence of molecular biomarkers of AD (specifically Aβ) as
this is the target of the drug.85

Additionally, approximately 40% of participants on active treatment in the
phase 3 studies had evidence of amyloid-related imaging abnormalities (ARIA)
(ie, brain edema or microhemorrhages) on MRI, with approximately 7%
discontinuing the study because of ARIA-related issues. The highest risk factors
for ARIA were the presence of an APOE ε4 allele (approximately 40% risk of
ARIA for APOE ε4 carriers compared to approximately 20% for those without)
and/or the presence of microhemorrhage on the MRI used for trial entry.
Subsequently, it is recommended that an MRI be performed within 1 year of
starting aducanumab, before the start of the highest dose (typically 6 months
after starting), and before the 12th dose (approximately 1 year after starting).
Although controversy remains as to clinical effect from the phase 3 studies of
aducanumab, it is clear that the risk-benefit profile for this and related drugs does
not support the use beyondmild AD. Therefore, clinicians considering the use of
aducanumab will need to ensure access to appropriate MRI sequences to detect
cerebral microbleeds before starting the drug and regularly follow patients for
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Donepezil Acetylcholineste
inhibitor

Galantamine Acetylcholineste
inhibitor

Rivastigmine Acetylcholineste
inhibitor

Memantine N-methyl-D-aspa
(NMDA) recepto
antagonist

a Head-to-head comparisons of the
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b Differences in the specific choliner
disease experts will consider switchi
c Additional categories of adverse ev
consciousness,89 seizures, and rhabd
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ARIA and follow a reliable clinical diagnostic process to ensure an appropriate
clinical stage of AD. For more information in ARIA, refer to the article “The
Value of Neuroimaging in Dementia Diagnosis” by Cyrus A. Raji, MD, PhD, and
Tammie L. S. Benzinger, MD, PhD,38 in this issue of Continuum. Appropriate use
criteria have been published for guidance,86 or clinicians may choose to refer to
specialty clinics. Based on the uncertainty of the magnitude and consistency of
the clinical benefit of aducanumab, the Centers for Medicare & Medicaid
Services (CMS) recently proposed to provide financial coverage of aducanumab
and any “FDA approved monoclonal antibodies directed against amyloid for the
US Food and Drug Administration-Approved Cognitive-Enhancing
Therapies for Alzheimer Disease

ctiona,b

Stage of
disease to
start Titration and target dose Common side effectsc

rase All Begin 5 mg/d once daily; may
increase to 10 mg/d once daily
(standard dose) after 4-6 weeks;
maximum dose 23 mg/d once daily

Nausea, vomiting,
diarrhea, dizziness,muscle
cramps, vivid dreams,
bradycardia

rase Mild to
moderate

Begin 8 mg/d given in two divided
doses for immediate release or a
single daily dose for extended
release; maximum 16-24 mg/d
given in two divided doses for
immediate release or a single daily
dose for extended release

Nausea, vomiting,
diarrhea, dizziness,
headache

rase Mild to
moderate

Oral: 3 mg/d given in two divided
doses; maximum 12 mg/d given in
two divided doses

Transdermal: 4.6 mg/d applied
daily; maximum 13.3 mg/24 hours
for moderate to severe Alzheimer
disease, 9.5 mg/24 hours for mild
to moderate Alzheimer disease

Nausea, vomiting,
diarrhea, dizziness,
drowsiness, headache

rtate
r

Moderate to
late

Begin 5 mg/d once daily; maximum
20 mg/d (given in two divided
doses); extended release: 7 mg/d
once daily, titrated to 14mg/d once
daily, then 28 mg/d once daily
maximum every 1-2 weeks; 14 mg/d
maximum for significant renal
insufficiency for extended release
and 10 mg/day for immediate
release

Constipation, dizziness,
headache, nonspecific
pain, flulike symptoms

acetylcholinesterase inhibitors have not been published, so no evidence of superiority exists for any

gic receptors might result in some differences in the benefits on an individual level, so some Alzheimer
ng therapies once.
ents identified following the approval of the acetylcholinesterase inhibitors include syncope/loss of
omyolysis (donepezil).90

g/d hasbeendebated91,92; adverse events are clearly greater in 23mg/d dose compared to 10mg/d dose, so
ose for those with a clear benefit and minimal side effects at lower doses.

JUNE 2022

rican Academy of Neurology. Unauthorized reproduction of this article is prohibited.



KEY POINT

● No evidence has shown
that any of the currently
approved symptomatic
therapies for AD are
beneficial in preventing the
progression from mild
impairment to more severe
stages of AD dementia.
treatment of Alzheimer’s disease (AD)” under the coverage with evidence
development (CED) in CMS-approved randomized controlled trials. This
coverage decision means that CMS will only cover the cost of drugs such as
aducanumab when they are used in National Institutes of Health–sponsored
clinical trials and not in clinical practice. As of January 2022, aducanumab
currently is the only FDA-approved Aβ monoclonal antibody, but it is possible
that others will be approved in the near future. If so, it is uncertain whether the
CED coverage by the CMS will apply to others as well.

For a comprehensive review of the current AD therapeutic landscape, the
reader is referred to recent publications.87,88

The other approved therapies for the treatment of the cognitive impairment of
AD are the acetylcholinesterase inhibitors (which increase synaptic acetylcholine
levels) and an N-methyl-D-aspartate (NMDA) receptor antagonist (which
reduces neuronal hyperexcitability) (TABLE 1-389-92). In all cases, these therapies
have demonstrated a modest symptomatic benefit.

No evidence has shown that any of the currently approved symptomatic
therapies for AD are beneficial in preventing the progression frommild impairment
to more severe stages of AD dementia. Therefore, it is not recommended that these
therapies be prescribed for MCI. Although claims have been made that patients
with very early AD/MCI who carry an APOE ε4 allele may have a slower
progression to later stages of AD when treated with an acetylcholinesterase
inhibitor, no clear evidence for this exists,93,94 and therefore, no clear evidence
has been shown to support the use of this class of therapies at the very earliest
detectable stages of symptomatic AD. In a study of patients with late-life
depression, patients with MCI treated with donepezil and antidepressants were
found to have a greater frequency of recurrent major depression over the 2-year
study compared to those treated with placebo and antidepressants,95 suggesting
a potential risk of harm in patients with MCI with comorbid depression.

When to discontinue the cognitive-enhancing therapies remains uncertain.
However, as the goal of treatment is to provide symptomatic benefit and prolong
independence, the general consensus is that if an individual is moved to a skilled
nursing facility for full-time care, it is reasonable to discontinue cognitive-
enhancing therapies and monitor for any abrupt worsening.

The use of vitamins and related supplements (eg, micronutrients) is common
in patients with AD and related dementias. However, clear support of the benefit
of clinical-cognitive outcomes in AD is lacking for any particular intervention/
vitamin supplements. Although folic acid supplementation reduces elevated
serum homocysteine levels and possibly decreases brain atrophy, no clear
evidence of benefit has been shown for slowing cognitive decline in AD.
Therefore, in the absence of targeting elevated homocysteine levels, no clear
benefit exists for folic acid supplementation. Some support exists for the use of
high-dose vitamin E (2000 IU/d) to slow down the decline of measures of
functional status but not cognitive decline.96 Although concerns exist of potential
side effects from high-dose vitamin E, no significantly elevated adverse events
were identified in trials of vitamin E relative to the placebo group, suggesting this
as a reasonable option for treatment of patients with moderate AD.

Nutraceuticals are frequently used by patients, but the evidence for any
particular nutraceutical, despite many having reasonable preclinical foundations,
is lacking. Unfortunately, despite the lack of benefit, their use has continued
to increase.97,98 Of note, one prescription-based option, a medium-chain
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triglyceride-based supplement, is purported to address impairments of the glycolytic
pathway inAD.However, the initialmodest benefit demonstrated in a phase 2 study
was not confirmed in a larger phase 3 study. Although ketosis may be an effective
approach for AD, the necessary confirmatory studies have not yet been reported.

No convincing evidence exists of a particular dietary program improving
cognitive impairment at the symptomatic stages of disease; however, the
Mediterranean diet (whole grains, fruit, vegetables, low animal-based saturated
fats, and modest amounts of lean meats, particularly fish) has the best evidence
for lowering dementia risk.99 Recent studies suggested that the Mediterranean
diet impacted AD-related biomarkers and preserved hippocampal volumes in an
older-adult Western European cohort.100

Behavioral and Psychological Symptoms of Dementia
The most challenging symptoms of Alzheimer disease are the behavioral
and psychiatric manifestations of the disease. Beyond the importance of
identifying psychiatric symptoms for treatment, evidence also exists that
pervasive psychiatric symptoms (delusions, agitation, hallucinations) are an
important prognostic factor associated with a more rapid progression.101

Unfortunately, these symptoms are often difficult to treat, but it is important to
note that a substantial number of patients with behavioral and psychiatric
symptoms improve within 3 months without any intervention.102 Therefore, the
approach to treatment should always be to (1) ensure that no secondary cause is
present (eg, undiagnosed infection/pain, significant change in environment, side
effect of a medication) and address if any source is identified, (2) counsel
caregivers on how to deal with patients experiencing these symptoms, and
(3) work with caregivers to establish an environment that minimizes stressors
and enhances opportunities for relieving stress (eg, exercise, background music,
creative outlets), which often requires referrals to support services.

If behavioral/environmental approaches are not fully effective in treating
behavioral/psychiatric symptoms, pharmacotherapies can be considered with
the goal of controlling behaviors that are resulting in significant stress for
patients or safety concerns for patients and caregivers.103 Both
acetylcholinesterase inhibitors, primarily donepezil, and NMDA receptor
antagonist have modest evidence for improving behavioral and psychological
symptoms of dementia in mild to moderate AD101,104 and should be considered
first-line therapies. The next class of therapies to consider are selective serotonin
reuptake inhibitors (SSRIs) and related compounds. Although a large number
of SSRIs and related therapies are available to choose from, the best evidence
from randomized trials is for citalopram (up to 30 mg/d) for the reduction of
agitation in AD.105 Citalopram at a dose of 40 mg/d has been associated with an
increase in ECG abnormalities, so if symptoms have not responded at 30mg, it is
not recommended to increase the dosage further. The response to this class of
therapies varies by individuals, which may result in the need to try a different
SSRI, and consideration of other symptoms that the patients may be
experiencing can help to tailor drug selection (eg, using trazodone in patients
with both insomnia and behavioral and psychologic symptoms of dementia).

The last class of therapies to be considered for the treatment of behavioral and
psychological symptoms of dementia is the antipsychotics. In general, this class
of therapies should be used as a last resort, at the lowest effective doses possible,
and with frequent reassessments so that treatment can be discontinued if the
JUNE 2022
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KEY POINTS

● Antipsychotics should be
used as a last resort, at the
lowest effective doses
possible, and with frequent
reassessments so that
treatment can be
discontinued if the targeted
symptom has improved or is
not responding.

● The antipsychotics have
been associated with an
increased risk of sudden
death and stroke and
include an FDA boxed
warning related to these
potential side effects.
Therefore, caregivers
should be informed of these
targeted symptom has improved or is not responding. The antipsychotics have
been associated with an increased risk of sudden death and stroke and include an
FDA boxed warning related to these potential side effects. Therefore, caregivers
should be informed of these unlikely but potential risks. Additionally,
extrapyramidal symptoms, sedation, falls, cerebrovascular events, pneumonia,
and an increased risk of hospitalization are associated with these therapies and
the benefits are typicallymodest, so the risk-benefit profile should be considered.
The strongest evidence for efficacy in treating the behavioral and psychological
symptoms of dementia is for risperidone (maximum of 1 mg/d),103 with some
support for aripiprazole (5 mg/d to 10 mg/d),106 with insufficient evidence
for other atypical antipsychotics. Recently, the more selective
5-hydryoxytryptamine 2A (5-HT2A) receptor inverse agonist/antagonist
pimavanserin has demonstrated benefit in a phase 2 study of behavioral and
psychological symptoms of dementia inAD, but a phase 3 confirmatory study has
yet to be completed.102 The overall safety profile from the phase 2 study appears
to be superior to other atypical antipsychotics, but larger studies in this
population are required to confirm these findings.
unlikely but potential risks.
CONCLUSION
In the absence of effective disease-modifying therapies, AD will remain a major
problem in older adults. Although the clinical manifestations of the disease can be
variable with age of onset likely contributing to a higher likelihood of
nonamnestic patterns, episodic memory problems remain the core symptom in
the majority of patients, highlighting the importance of identifying a consistent
pattern of memory decline in the diagnosis of AD. Advances in diagnostic
biomarkers will lead to changes in the approach to diagnosing AD, particularly in
the very early stages, yet the true impact of these changes in the absence of more
effective treatments remains to be seen. Until breakthroughs in treatments are
discovered, the focus of the neurologist will remain on accurately diagnosing
patients and developing an individual treatment plan that optimizes cognitive
health in the setting of a progressive neurodegenerative disorder.
REFERENCES

1 Jack CR Jr, Wiste HJ, Botha H, et al. The bivariate
distribution of amyloid-β and tau: relationship
with established neurocognitive clinical
syndromes. Brain 2019;142(10):3230-3242.
doi:10.1093/brain/awz268

2 2021 Alzheimer’s disease facts and figures.
Alzheimers Dement 2;17(3):327-406.
doi:10.1002/alz.12328

3 PowerMC, Bennett EE, Turner RW, et al. Trends in
relative incidence and prevalence of dementia
across non-Hispanic Black and White individuals
in theUnitedStates, 2000-2016. JAMANeurol 2021;
78(3):275-284. doi:10.1001/jamaneurol.2020.4471

4 Satizabal CL, Beiser AS, Chouraki V, et al.
Incidence of dementia over three decades in the
Framingham Heart Study. N Engl J Med 2016;
374(6):523-532. doi:10.1056/NEJMoa1504327

5 Downer B, Garcia MA, Raji M, Markides KS.
Cohort differences in cognitive impairment and
cognitive decline among Mexican-Americans
aged 75 years or older. Am J Epidemiol 2019;
188(1):119-129. doi:10.1093/aje/kwy196

6 Xiong C, Luo J, Coble D, et al. Complex
interactions underlie racial disparity in the risk of
developing Alzheimer’s disease dementia.
Alzheimers Dement 2020;16(4):589-597.
doi:10.1002/alz.12060

7 Garrett SL, McDaniel D, Obideen M, et al. Racial
disparity in cerebrospinal fluid amyloid and tau
biomarkers and associated cutoffs for mild
cognitive impairment. JAMA Netw Open 2019;
2(12):e1917363. doi:10.1001/
jamanetworkopen.2019.17363
CONTINUUMJOURNAL.COM

Copyright © American Academy o
671

f Neurology. Unauthorized reproduction of this article is prohibited.



ALZHEIMER DISEASE

672

Copyright © Ame
8 Morris JC, Schindler SE, McCue LM, et al.
Assessment of racial disparities in biomarkers for
Alzheimer disease. JAMA Neurol 2019;76(3):
264-273. doi:10.1001/jamaneurol.2018.4249

9 Schindler SE, Cruchaga C, Joseph A, et al. African
Americans have differences in CSF soluble
TREM2 and associated genetic variants. Neurol
Genet 2021;7(2):e571. Accessed April 4, 2022. ng.
neurology.org/content/7/2/e571

10 Balls-Berry JE, Babulal GM. Health disparities in
dementia. Continuum (Minneap Minn) 2022;
28(3, Dementia):872-884.

11 Boyle PA, Yu L, Wilson RS, et al. Person-specific
contribution of neuropathologies to cognitive
loss in old age. Ann Neurol 2018;83(1):74-83.
doi:10.1002/ana.25123

12 Boyle PA, Yang J, Yu L, et al. Varied effects of
age-related neuropathologies on the trajectory
of late life cognitive decline. Brain 2017;140(3):
804-812. doi:10.1093/brain/aww341

13 Brenowitz WD, Keene CD, Hawes SE, et al.
Alzheimer’s disease neuropathologic change,
Lewy body disease, and vascular brain injury in
clinic- and community-based samples. Neurobiol
Aging 2017;53:83-92. doi:10.1016/j.neurobiolaging.
2017.01.017

14 Townley RA, Graff-Radford J, Mantyh WG, et al.
Progressive dysexecutive syndrome due to
Alzheimer’s disease: a description of 55 cases
and comparison to other phenotypes. Brain
Commun 2020;2(1):fcaa068. doi:10.1093/
braincomms/fcaa068

15 Ossenkoppele R, Jansen WJ, Rabinovici GD, et al.
Prevalence of amyloid PET positivity in dementia
syndromes: a meta-analysis. JAMA 2015;313(19):
1939-1949. doi:10.1001/jama.2015.4669

16 Jansen WJ, Ossenkoppele R, Knol DL, et al.
Prevalence of cerebral amyloid pathology in
persons without dementia: a meta-analysis.
JAMA 2015;313(19):1924-1938. doi:10.1001/jama.
2015.4668

17 Salloway S, Farlow M, McDade E, et al. A trial of
gantenerumab or solanezumab in dominantly
inherited Alzheimer’s disease. Nat Med 2021;
27(7):1187-1196. doi:10.1038/s41591-021-01369-8

18 Reiman EM, Langbaum JBS, Fleisher AS, et al.
Alzheimer’s prevention initiative: a plan to
accelerate the evaluation of presymptomatic
treatments. J Alzheimers Dis 2011;26(suppl 3):
321-329. doi:10.3233/JAD-2011-0059

19 Insel PS, Donohue MC, Sperling R, et al. The A4
study: β-amyloid and cognition in 4432
cognitively unimpaired adults. Ann Clin Transl
Neurol 2020;7(5):776-785. doi:10.1002/acn3.51048

20 Jack CR, Wiste HJ, Weigand SD, et al. Age-
specific population frequencies of cerebral
β-amyloidosis and neurodegeneration among
people with normal cognitive function aged
50-89 years: a cross-sectional study. Lancet
Neurol 2014;13(10):997-1005. doi:10.1016/
S1474-4422(14)70194-2

21 Karch CM, Goate AM. Alzheimer’s disease risk
genes andmechanisms of disease pathogenesis.
Biol Psychiatry 2015;77(1):43-51. doi:10.1016/
j.biopsych.2014.05.006

22 Li Z, Shue F, Zhao N, et al. APOE2: protective
mechanism and therapeutic implications for
Alzheimer's disease. Mol Neurodegener 2020;
4;15(1):63. doi:10.1186/s13024-020-00413-4

23 Xiong M, Jiang H, Serrano JR, et al. APOE
immunotherapy reduces cerebral amyloid
angiopathy and amyloid plaques while improving
cerebrovascular function. Sci Transl Med 2021;
13(581):eabd7522. doi:10.1126/scitranslmed.
abd7522

24 Desikan RS, Fan CC, Wang Y, et al. Genetic
assessment of age-associated Alzheimer
disease risk: development and validation of a
polygenic hazard score. PLoS Med 2017;14(3):
e1002258. doi:10.1371/journal.pmed.1002258

25 Yu J-T, Xu W, Tan C-C, et al. Evidence-based
prevention of Alzheimer’s disease: systematic
review and meta-analysis of 243 observational
prospective studies and 153 randomised
controlled trials. J Neurol Neurosurg Psychiatry
2020;91(11):1201-1209. doi:10.1136/jnnp-2019-321913

26 Hörder H, Johansson L, Guo X, et al. Midlife
cardiovascular fitness and dementia: a 44-year
longitudinal population study in women.
Neurology 2018;90(15):e1298-e1305.
doi:10.1212/WNL.0000000000005290

27 Ma F, Wu T, Zhao J, et al. Folic acid
supplementation improves cognitive function by
reducing the levels of peripheral inflammatory
cytokines in elderly Chinese subjects with MCI.
Sci Rep 2016;6:37486. doi:10.1038/srep37486

28 Ju Y-ES, Ooms SJ, Sutphen C, et al. Slow wave
sleep disruption increases cerebrospinal fluid
amyloid-β levels. Brain 2017;140(8):2104-2111.
doi:10.1093/brain/awx148

29 Musiek ES, Bhimasani M, Zangrilli MA, et al.
Circadian rest-activity pattern changes in aging
and preclinical Alzheimer disease. JAMA
Neurol 2018;75(5):582-590. doi:10.1001/
jamaneurol.2017.4719

30 Bubu OM, Pirraglia E, Andrade AG, et al.
Obstructive sleep apnea and longitudinal
Alzheimer’s disease biomarker changes. Sleep
2019;42(6):zsz048. doi:10.1093/sleep/zsz048

31 Ju Y-ES, Zangrilli MA, Finn MB, et al. Obstructive
sleep apnea treatment, slow wave activity, and
amyloid-β. Ann Neurol 2019;85(2):291-295.
doi:10.1002/ana.25408

32 Kwok MK, Schooling CM. Herpes simplex virus
and Alzheimer’s disease: a Mendelian
randomization study. Neurobiol Aging 2021;99:
101.e11-101.e13. doi:10.1016/j.
neurobiolaging.2020.09.025
rican Academy of Neurology. Unauthorized reprodu
JUNE 2022

ction of this article is prohibited.

http://ng.neurology.org/content/7/2/e571
http://ng.neurology.org/content/7/2/e571


33 Tzeng N-S, Chung C-H, Lin F-H, et al. Anti-
herpetic medications and reduced risk of
dementia in patients with herpes simplex virus
infections—a nationwide, population-based
cohort study in Taiwan. Neurotherapeutics 2018;
15(2):417-429. doi:10.1007/s13311-018-0611-x

34 Lopatko Lindman K, Hemmingsson E-S, Weidung
B, et al. Herpesvirus infections, antiviral
treatment, and the risk of dementia—a registry-
based cohort study in Sweden. Alzheimers
Dement (N Y) 2021;7(1):e12119. doi:10.1002/
trc2.12119

35 Devanand DP, Andrews H, Kreisl WC, et al.
Antiviral therapy: Valacyclovir Treatment of
Alzheimer’s Disease (VALAD) trial: protocol for a
randomised, double-blind, placebo-controlled,
treatment trial. BMJ Open 2020;10(2):e032112.
doi:10.1136/bmjopen-2019-032112

36 Knopman DS, DeKosky ST, Cummings JL, et al.
Practice parameter: diagnosis of dementia (an
evidence-based review). Report of the Quality
Standards Subcommittee of the American
Academy of Neurology. Neurology 2001;56(9):
1143-1153. doi:10.1212/wnl.56.9.1143

37 Schindler SE. Fluid biomarkers in dementia
diagnosis. Continuum (Minneap Minn) 2022;
28(3, Dementia):822-833.

38 Raji CA, Benzinger TLS. The value of
neuroimaging in dementia diagnosis. Continuum
(Minneap Minn) 2022;28(3, Dementia):800-821.

39 Brodaty H, Seeher K, Gibson L. Dementia time to
death: a systematic literature review on survival
time and years of life lost in people with
dementia. Int Psychogeriatr 2012;24(7):1034-1045.
doi:10.1017/S1041610211002924

40 Todd S, Barr S, Roberts M, Passmore AP. Survival
in dementia andpredictors ofmortality: a review.
Int J Geriatr Psychiatry 2013;28(11):1109-1124.
doi:10.1002/gps.3946

41 Mesulam MM. Large-scale neurocognitive
networks and distributed processing for
attention, language, and memory. Ann Neurol
1990;28(5):597-613. doi:10.1002/ana.410280502

42 Leng K, Li E, Eser R, et al. Molecular
characterization of selectively vulnerable
neurons in Alzheimer’s disease. Nat Neurosci
2021;24(2):276-287. doi:10.1038/s41593-020-
00764-7

43 Seeley WW, Crawford RK, Zhou J, et al.
Neurodegenerative diseases target large-scale
human brain networks. Neuron 2009;62(1):42-52.
doi:10.1016/j.neuron.2009.03.024

44 Petersen RC, Lopez O, Armstrong MJ, et al.
Practice guideline update summary: mild
cognitive impairment: report of the Guideline
Development, Dissemination, and
Implementation Subcommittee of the American
Academy of Neurology. Neurology 2018;90(3):
126-135. doi:10.1212/WNL.0000000000004826

45 Jack CR Jr, Wiste HJ, Vemuri P, et al. Brain beta-
amyloid measures and magnetic resonance
imaging atrophy both predict time-to-
progression from mild cognitive impairment to
Alzheimer’s disease. Brain 2010;133(11):3336-3348.
doi:10.1093/brain/awq277

46 Vos SJB, Verhey F, Frölich L, et al. Prevalence and
prognosis of Alzheimer’s disease at the mild
cognitive impairment stage. Brain 2015;138(pt 5):
1327-1338. doi:10.1093/brain/awv029

47 Lombardi G, Crescioli G, Cavedo E, et al.
Structural magnetic resonance imaging for the
early diagnosis of dementia due to Alzheimer’s
disease in people with mild cognitive
impairment. Cochrane Database Syst Rev
2020;3(3):CD009628. doi:10.1002/14651858.
CD009628.pub2

48 Dreyfus DM, Roe CM, Morris JC.
Autobiographical memory task in assessing
dementia. Arch Neurol 2010;67(7):862-826.
doi:10.1001/archneurol.2010.145

49 Breton A, Casey D, Arnaoutoglou NA. Cognitive
tests for the detection of mild cognitive
impairment (MCI), the prodromal stage of
dementia: meta-analysis of diagnostic accuracy
studies. Int J Geriatr Psychiatry 2019;34(2):
233-242. doi:10.1002/gps.5016

50 Ismail Z, Gatchel J, Bateman DR, et al. Affective
and emotional dysregulation as pre-dementia
risk markers: exploring the mild behavioral
impairment symptoms of depression, anxiety,
irritability, and euphoria. Int Psychogeriatr 2018;
30(2):185-196. doi:10.1017/S1041610217001880

51 Mallo SC, Ismail Z, Pereiro AX, et al. Assessing
mild behavioral impairment with the mild
behavioral impairment—checklist in people with
mild cognitive impairment. J Alzheimers Dis 2018;
66(1):83-95. doi:10.3233/JAD-180131

52 Demichele-Sweet MAA, Lopez OL, Sweet RA.
Psychosis in Alzheimer’s disease in the national
Alzheimer’s disease coordinating center uniform
data set: clinical correlates and association with
apolipoprotein e. Int J Alzheimers Dis 2011;2011:
926597. doi:10.4061/2011/926597

53 Scarmeas N, Brandt J, Albert M, et al. Delusions
and hallucinations are associated with worse
outcome in Alzheimer disease. ArchNeurol 2005;
62(10):1601-1608. doi:10.1001/archneur.62.10.1601

54 Scarmeas N, Hadjigeorgiou GM, Papadimitriou A,
et al. Motor signs during the course of Alzheimer
disease. Neurology 2004;63(6):975-982. doi:
10.1212/01.wnl.0000138440.39918.0c

55 Scarmeas N, Honig LS, Choi H, et al. Seizures in
Alzheimer disease: who, when, and how
common? Arch Neurol 2009;66(8):992-997.
doi:10.1001/archneurol.2009.130

56 Vossel KA, Ranasinghe KG, et al. Incidence and
impact of subclinical epileptiform activity in
Alzheimer’s disease. Ann Neurol 2016;80(6):
858-870. doi:10.1002/ana.24794
CONTINUUMJOURNAL.COM

Copyright © American Academy o
673

f Neurology. Unauthorized reproduction of this article is prohibited.



ALZHEIMER DISEASE

674

Copyright © Ame
57 Beagle AJ, Darwish SM, Ranasinghe KG, et al.
Relative incidence of seizures and myoclonus in
Alzheimer’s disease, dementia with Lewy bodies,
and frontotemporal dementia. J Alzheimers Dis
2017;60(1):211-223. doi:10.3233/JAD-170031

58 Hiller AJ, Ishii M. Disorders of body weight, sleep
and circadian rhythm as manifestations of
hypothalamic dysfunction in Alzheimer’s
disease. Front Cell Neurosci 2018;12:471.
doi:10.3389/fncel.2018.00471

59 Ferman TJ, Smith GE, Boeve BF, et al. DLB
fluctuations: specific features that reliably
differentiate DLB from AD and normal aging.
Neurology 2004;62(2):181-187. doi:10.1212/
wnl.62.2.181

60 Goldman JG, Holden SK. Cognitive syndromes
associated with movement disorders.
Continuum (Minneap Minn) 2022;
28(3, Dementia):726-749.

61 Polsinelli AJ, Apostolova LG. Atypical Alzheimer
disease variants. Continuum (Minneap Minn)
2022;28(3, Dementia):676-701.

62 Barnes J, Dickerson BC, Frost C, et al. Alzheimer’s
disease first symptoms are age dependent:
evidence from the NACC dataset. Alzheimers
Dement 2015;11(11):1349-1357. doi:10.1016/
j.jalz.2014.12.007

63 Murray ME, Graff-Radford NR, Ross OA, et al.
Neuropathologically defined subtypes of
Alzheimer’s disease with distinct clinical
characteristics: a retrospective study. Lancet
Neurol 2011;10(9):785-796. doi:10.1016/S1474-
4422(11)70156-9

64 Lacour M, Quenez O, Rovelet-Lecrux A, et al.
Causative mutations and genetic risk factors in
sporadic early onset Alzheimer’s disease before
51 years. J Alzheimers Dis 2019;71(1):227-243.
doi:10.3233/JAD-190193

65 Fitzpatrick AWP, Falcon B, He S, et al. Cryo-EM
structures of tau filaments from Alzheimer’s
disease. Nature 2017;547(7662):185-190.
doi:10.1038/nature23002

66 Falcon B, ZhangW,Murzin AG, et al. Structures of
filaments from Pick’s disease reveal a novel tau
protein fold. Nature 2018;561(7721):137-140.
doi:10.1038/s41586-018-0454-y

67 Qiang W, Yau W-M, et al. Structural variation in
amyloid-β fibrils from Alzheimer’s disease
clinical subtypes. Nature 2017;541(7636):217-221.
doi:10.1038/nature20814

68 Dujardin S, Commins C, Lathuiliere A, et al. Tau
molecular diversity contributes to clinical
heterogeneity in Alzheimer’s disease. Nat Med
2020;26(8):1256-1263. doi:10.1038/s41591-020-
0938-9

69 Barthélemy NR, Mallipeddi N, Moiseyev P, et al.
Tau phosphorylation rates measured by mass
spectrometry differ in the intracellular brain vs.
extracellular cerebrospinal fluid compartments
and are differentially affected by Alzheimer’s
disease. Front Aging Neurosci 2019;11:121.
doi:10.3389/fnagi.2019.00121

70 Barthélemy NR, Horie K, Sato C, Bateman RJ.
Blood plasma phosphorylated-tau isoforms track
CNS change in Alzheimer’s disease. J Exp Med
2020;217(11):e20200861. doi:10.1084/
jem.20200861

71 Palmqvist S, Janelidze S, Quiroz YT, et al.
Discriminative accuracy of plasma phospho-
tau217 for Alzheimer disease vs other
neurodegenerative disorders. JAMA 2020;324(8):
772-781. doi:10.1001/jama.2020.12134

72 Chhatwal JP, Schultz AP, Dang Y, et al. Plasma N-
terminal tau fragment levels predict future
cognitive decline and neurodegeneration in
healthy elderly individuals. Nat Commun 2020;
11(1):6024. doi:10.1038/s41467-020-19543-w

73 Jack CR, Bennett DA, Blennow K, et al. NIA-AA
Research Framework: toward a biological
definition of Alzheimer’s disease. Alzheimers
Dement 2018;14(4):535-562. doi:10.1016/
j.jalz.2018.02.018

74 Vos SJB, Xiong C, Visser PJ, et al. Preclinical
Alzheimer’s disease and its outcome: a
longitudinal cohort study. Lancet Neurol 2013;
12(10):957-965. doi:10.1016/S1474-4422(13)70194-7

75 Petersen RC, Wiste HJ, Weigand SD, et al. NIA-AA
Alzheimer’s Disease Framework: clinical
characterization of stages. Ann Neurol 2021;
89(6):1145-1156. doi:10.1002/ana.26071

76 Ossenkoppele R, Schonhaut DR, Schöll M, et al.
Tau PET patterns mirror clinical and
neuroanatomical variability in Alzheimer’s
disease. Brain 2016;139(5):1551-1567. doi:10.1093/
brain/aww027

77 Blennow K, Zetterberg H. Biomarkers for
Alzheimer’s disease: current status and
prospects for the future. J Intern Med 2018;
284(6):643-663. doi:10.1111/joim.12816

78 Ashton NJ, Leuzy A, Karikari TK, et al. The
validation status of blood biomarkers of amyloid
and phospho-tau assessed with the 5-phase
development framework for ADbiomarkers. Eur J
Nucl Med Mol Imaging 2021;48(7):2140-2156.
doi:10.1007/s00259-021-05253-y

79 West T, Kirmess KM, Meyer MR, et al. A blood-
based diagnostic test incorporating plasma
Aβ42/40 ratio, ApoE proteotype, and age
accurately identifies brain amyloid status:
findings from a multi cohort validity analysis.
Mol Neurodegener 2021;16(1):30. doi:10.1186/
s13024-021-00451-6

80 Schindler SE, Bollinger JG, Ovod V, et al. High-
precision plasma β-amyloid 42/40 predicts
current and future brain amyloidosis. Neurology
2019;93(17):e1647-e1659. doi:10.1212/
WNL.0000000000008081

81 GonzalesMM, ShortMI, Satizabal CL, et al. Blood
biomarkers for dementia in Hispanic and non-
Hispanic White adults. Alzheimers Dement (N Y)
2021;7(1):e12164. doi:10.1002/trc2.12164
rican Academy of Neurology. Unauthorized reprodu
JUNE 2022

ction of this article is prohibited.



82 Sevigny J, Chiao P, Bussière T, et al. The antibody
aducanumab reduces Aβ plaques in Alzheimer’s
disease. Nature 2016;537(7618):50-56.
doi:10.1038/nature19323

83 Dunn B, Stein P, Cavazzoni P. Approval of
aducanumab for Alzheimer disease—the FDA’s
perspective. JAMA Intern Med 2021;181(10):
1276-1278. doi:10.1001/jamainternmed.2021.4607

84 Mintun MA, Lo AC, Duggan Evans C, et al.
Donanemab in early Alzheimer’s disease. N Engl J
Med 2021;384(18):1691-1704. doi:10.1056/
NEJMoa2100708

85 Morris JC. The Clinical Dementia Rating (CDR):
current version and scoring rules. Neurology
1993;43(11):2412-2414. doi:10.1212/wnl.43.11.2412-a

86 Cummings J, Aisen P, Apostolova LG, et al.
Aducanumab: appropriate use
recommendations. J Prev Alzheimers Dis 2021;
8(4):398-410. doi:10.14283/jpad.2021.41

87 McDade E, Libre-Guerra JJ, Holtzman DM, et al.
The informed road map to prevention of
Alzheimer disease: a call to arms.
Mol Neurodegener 2021;16(1):49. doi:10.1186/
s13024-021-00467-y

88 Cummings J, Lee G, Ritter A, et al. Alzheimer’s
disease drug development pipeline: 2019.
Alzheimers Dement (N Y) 2019;5:272-293.
doi:10.1016/j.trci.2019.05.008

89 Park-Wyllie LY, Mamdani MM, Li P, et al.
Cholinesterase inhibitors and hospitalization for
bradycardia: a population-based study. PLoS
Med 2009;6(9):e1000157. doi:0.1371/journal.
pmed.1000157

90 Fleet JL, McArthur E, Patel A, et al. Risk of
rhabdomyolysis with donepezil compared with
rivastigmine or galantamine: a population-based
cohort study. CMAJ 2019;16;191(37):E1018-E1024.
doi:10.1503/cmaj.190337

91 Farlow MR, Salloway S, Tariot PN, et al.
Effectiveness and tolerability of high-dose
(23 mg/d) versus standard-dose (10 mg/d)
donepezil in moderate to severe Alzheimer's
disease: A 24-week, randomized, double-blind
study. Clin Ther 2010;32(7):1234-1251. doi:10.1016/
j.clinthera.2010.06.019

92 Birks JS, Harvey RJ. Donepezil for dementia due
to Alzheimer's disease. Cochrane Database Syst
Rev 2018;6(6):CD001190. doi:10.1002/14651858

93 Cheng Y-C, Huang Y-C, Liu H-C. Effect of
apolipoprotein E ɛ4 carrier status on cognitive
response to acetylcholinesterase inhibitors in
patients with Alzheimer’s disease: a systematic
review and meta-analysis. Dement Geriatr Cogn
Disord 2018;45(5-6):335-352. doi:10.1159/
000490175

94 Han J-Y, Besser LM, Xiong C, et al. Cholinesterase
inhibitors may not benefit mild cognitive
impairment and mild Alzheimer disease
dementia. Alzheimer Dis Assoc Disord 2019;33(2):
87-94. doi:10.1097/WAD.0000000000000291

95 Reynolds CF 3rd, Butters MA, Lopez O, et al.
Maintenance treatment of depression in old age:
a randomized, double-blind, placebo-controlled
evaluation of the efficacy and safety of
donepezil combined with antidepressant
pharmacotherapy. Arch Gen Psychiatry 2011;68(1):
51-60. doi:10.1001/archgenpsychiatry.2010.184

96 Dysken MW, Sano M, Asthana S, et al. Effect of
vitamin E and memantine on functional decline
in Alzheimer disease: the TEAM-AD VA
Cooperative Randomized Trial. JAMA 2014;311(1):
33-44. doi:10.1001/jama.2013.282834

97 Hellmuth J, Rabinovici GD, Miller BL. The rise of
pseudomedicine for dementia and brain health.
JAMA 2019;321(6):543-544. doi:10.1001/
jama.2018.21560

98 Stoehr GP, Jacobsen E, Jia Y, et al. Trends in the
use of medications and supplements to treat or
prevent dementia: a population-based study.
Alzheimer Dis Assoc Disord 2020;34(2):148-155.
doi:10.1097/WAD.0000000000000357

99 Scarmeas N, Anastasiou CA, Yannakoulia M.
Nutrition and prevention of cognitive
impairment. Lancet Neurol 2018;17(11):1006-1015.
doi:10.1016/S1474-4422(18)30338-7

100Ballarini T, Melo van Lent D, Brunner J, et al.
Mediterranean diet, Alzheimer disease
biomarkers and brain atrophy in old age.
Neurology 2021;96(24):e2920-e2932. doi:10.1212/
WNL.0000000000012067

101 Ballard C, Kales HC, Lyketsos C, et al. Psychosis
in Alzheimer’s disease. CurrNeurol Neurosci Rep
2020;20(12):57. doi:10.1007/s11910-020-01074-y

102 Ballard C, O’Brien J, Coope B, et al. A
prospective study of psychotic symptoms in
dementia sufferers: psychosis in dementia. Int
Psychogeriatr 1997;9(1):57-64. doi:10.1017/
s1041610297004201

103 Kales HC, Lyketsos CG, Miller EM, Ballard C.
Management of behavioral and psychological
symptoms in people with Alzheimer’s disease:
an international Delphi consensus.
Int Psychogeriatr 2019;31(1):83-90. doi:10.1017/
S1041610218000534

104 Cummings JL, McRae T, Zhang R. Effects of
donepezil on neuropsychiatric symptoms in
patients with dementia and severe behavioral
disorders. Am J Geriatr Psychiatry 2006;14(7):
605-612. doi:10.1097/01.JGP.0000221293.91312.d3

105 Leonpacher AK, Peters ME, Drye LT, et al.
Effects of citalopram on neuropsychiatric
symptoms in Alzheimer’s dementia: evidence
from the CitAD Study. Am J Psychiatry
2016;173(5):473-480. doi:10.1176/appi.
ajp.2016.15020248

106Mintzer JE, Tune LE, Breder CD, et al.
Aripiprazole for the treatment of psychoses in
institutionalized patients with Alzheimer
dementia: a multicenter, randomized, double-
blind, placebo-controlled assessment of three
fixed doses. Am J Geriatr Psychiatry 2007;15(11):
918-931. doi:10.1097/JGP.0b013e3181557b47
CONTINUUMJOURNAL.COM

Copyright © American Academy o
675

f Neurology. Unauthorized reproduction of this article is prohibited.


