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D ementia is a common public health problem.1 World-
wide, approximately 47 million people have dementia,
and this number is expected to increase to 131 million by

2050.1 Reductions in age-adjusted incidence of dementia have
occurred in the United States and other developed countries over
the last 20 years, perhaps associated with increasing formal edu-
cational attainment. However, without improved treatments or
preventive therapy, the adverse consequences of dementia will
continue to increase.2

In the United States, the prevalence of dementia is 15% in
people older than 68 years.3 Alzheimer disease (AD) affects 5.8
million people, and 13.8 million are projected to have the diagno-

sis of AD by the year 2050.4 AD is the sixth leading cause of death
and the fifth leading cause among people older than 65 years.5,6

This review summarizes diagnosis and management of dementia,
defined as significant cognitive impairment in 2 or more cognitive
domains.

Methods
We conducted a literature search in PubMed, using the search
terms “dementia and (diagnosis or management)” in the title field.
The following inclusion criteria were applied: publication date from

IMPORTANCE Worldwide, 47 million people live with dementia and, by 2050, the number
is expected to increase to 131 million.

OBSERVATIONS Dementia is an acquired loss of cognition in multiple cognitive domains
sufficiently severe to affect social or occupational function. In the United States, Alzheimer
disease, one cause of dementia, affects 5.8 million people. Dementia is commonly associated
with more than 1 neuropathology, usually Alzheimer disease with cerebrovascular pathology.
Diagnosing dementia requires a history evaluating for cognitive decline and impairment
in daily activities, with corroboration from a close friend or family member, in addition to
a thorough mental status examination by a clinician to delineate impairments in memory,
language, attention, visuospatial cognition such as spatial orientation, executive function,
and mood. Brief cognitive impairment screening questionnaires can assist in initiating
and organizing the cognitive assessment. However, if the assessment is inconclusive
(eg, symptoms present, but normal examination findings), neuropsychological testing can
help determine whether dementia is present. Physical examination may help identify the
etiology of dementia. For example, focal neurologic abnormalities suggest stroke. Brain
neuroimaging may demonstrate structural changes including, but not limited to, focal
atrophy, infarcts, and tumor, that may not be identified on physical examination. Additional
evaluation with cerebrospinal fluid assays or genetic testing may be considered in atypical
dementia cases, such as age of onset younger than 65 years, rapid symptom onset, and/or
impairment in multiple cognitive domains but not episodic memory. For treatment, patients
may benefit from nonpharmacologic approaches, including cognitively engaging activities
such as reading, physical exercise such as walking, and socialization such as family gatherings.
Pharmacologic approaches can provide modest symptomatic relief. For Alzheimer disease,
this includes an acetylcholinesterase inhibitor such as donepezil for mild to severe dementia,
and memantine (used alone or as an add-on therapy) for moderate to severe dementia.
Rivastigmine can be used to treat symptomatic Parkinson disease dementia.

CONCLUSIONS AND RELEVANCE Alzheimer disease currently affects 5.8 million persons in the
United States and is a common cause of dementia, which is usually accompanied by other
neuropathology, often cerebrovascular disease such as brain infarcts. Causes of dementia can
be diagnosed by medical history, cognitive and physical examination, laboratory testing, and
brain imaging. Management should include both nonpharmacologic and pharmacologic
approaches, although efficacy of available treatments remains limited.
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November 19, 2013, to June 29, 2019; English language; female or
male sex; and “aged, 65 + years” (to exclude studies about less com-
mon causes of dementia). Original research studies with sample sizes
less than 100 persons were excluded.

Observations
The search yielded 200 articles published in the past 5½ years. We
excluded 37 studies with fewer than 100 persons, 52 on topics not
relevant to this review, 41 about non-US public policy or practice, 20
about caregivers, 7 about pathology, 5 about medical record docu-
mentation or coding, and 11 that were not original research. The re-
maining 27 original research articles, including 22 observational stud-
ies and 5 randomized clinical trials, informed this review.

Risk Factors and Neuropathology
Aging is an important risk factor for all-cause dementia. AD affects
5% to 10% of people older than 65 years and 50% of those aged
85 years.7 Nonmodifiable risk factors for AD include female sex, black
race, Hispanic ethnicity, and genetic factors such as the apolipopro-
tein E (APOE) gene.8-13 Modifiable risk factors for all-cause demen-
tia include hypertension and diabetes, diet, and limited cognitive,
physical, and social activities.14-18 Pathologically, “mixed dementia”
is the most common form of dementia, found in 46% of persons with
clinically diagnosed AD and most commonly consisting of AD neu-
rodegeneration and cerebrovascular disease.19 Other neurodegen-
erative pathologies such as Lewy body disease (pathologically con-
firmed in 17% of patients) and frontotemporal lobar degeneration
(confirmed in <5% of patients) are less frequent.19-25

Definition and Characterization
Dementia is defined by chronic, acquired loss of 2 or more cogni-
tive abilities caused by brain disease or injury (Box 1). This defini-
tion has been used in clinical practice for decades, although recent
changes in the Diagnostic and Statistical Manual of Mental Disor-
ders (Fifth Edition) have recognized that dementia can be present
with impairment in a single domain (ie, by this definition, a patient
with a severe expressive aphasia could be classified as having
dementia).26,29 Memory requires the recording, storage, and re-
trieval of information. The most common clinical presentation of AD
is a slow onset and gradually progressive loss of memory, typically
with inability to learn new information and particularly autobio-
graphical information, such as recent events in ones’ life. This is be-
cause AD preferentially affects brain networks involved in episodic
memory. Examples of episodic memory loss include forgetting ap-
pointments or forgetting to pay bills or to take medication. Typi-
cally, a person with AD repeats questions and conversations. The
memory loss is often accompanied by self-reported memory prob-
lems. Difficulty recalling names that are recalled later is common in
aging but is not a typical early sign of dementia.

Mild cognitive impairment (MCI) is defined by performance that
is lower than normal on objective neuropsychological cognition tests
but with maintained daily functions (eg, maintained abilities to func-
tion within society such as for daily activities at work, home, and in
social settings, and maintained activities of daily living such as for per-
sonal care) and therefore not consistent with dementia (Box 1).27 MCI
can be categorized into “amnestic” MCI, in which reduced perfor-
mance on memory is the key finding, vs “nonamnestic” MCI, in which
there is reduced cognitive performance in a nonmemory domain such
as language. MCI can also be characterized into “single domain” vs
“multidomain” MCI, in which multiple cognitive performance mea-
sures are impaired. MCI does not always progress to dementia, and a
patient’s cognitive status may become normal or fluctuate between
MCI, normal cognition, and dementia. Fluctuations in cognition, and

Box 1. Characteristics of Dementia and Mild Cognitive
Impairment (MCI)a

Dementia
The loss of cognitive abilities must be
• Present in several cognitive domains (often memory with

at least 1 other domain such as language, visuospatial,
executive, or other)
and

• Represent a decline from the prior level of function
and

• Impair functional abilities in day-to-day life (eg, social,
occupational, self-care)

The most common form of dementia is a “mixed dementia,”b

usually a combination of
• A common neurodegenerative disease in aging, most often

Alzheimer disease
and

• VCID

Common neurodegenerative diseases causing dementia include
the following, in decreasing order of frequency:c

• Alzheimer disease
• Lewy body disease
• Frontotemporal dementiad

MCI
The loss of cognitive abilities must be
• Demonstrable on cognitive testing, whether amnestic

vs nonamnestic MCI, or single vs multidomain MCI
(present in several cognitive domains)e

and
• Not sufficient to significantly impair functional abilities

or independence, such that criteria for dementia are not met

Abbreviation: VCID, vascular contributions to cognitive impairment
and dementia.

a Sources: McKhann et al26 (dementia); Albert et al27 (MCI).

b Mixed dementias have overlapping clinical features and more than 1
pathologic diagnosis.

c Other less common neurodegenerative and other diseases not listed but
that can be identified during life include vascular dementia, Parkinson
disease, Huntington disease, progressive supranuclear palsy, corticobasal
degeneration, multiple system atrophy, Creutzfeldt-Jakob disease, and
others; in younger people, consider acute conditions (eg, motor vehicle
crash or war-related traumatic brain injury), chronic traumatic
encephalopathy (eg, repetitive sports-related head injuries), and multiple
sclerosis. Note that for some neurodegenerative diseases causing dementia
in older people, there are currently no means to make the diagnosis during
life, such as for the TDP-43 (transactive response DNA-binding protein 43)
form of frontotemporal dementia and for hippocampal sclerosis.

d Some data suggest this condition is a common cause of dementia in
young-onset disease (onset before age 65 years).28

e Amnestic MCI is defined by neuropsychological test–proven impairment in
the memory domain and can be “single-domain amnestic MCI” or
“multidomain amnestic MCI”; nonamnestic MCI is defined by impairment in 1
or more cognitive domains other than memory (such as language, executive
function, and/or attention), but not in the memory domain, and can be
“single-domain nonamnestic MCI” or “multidomain nonamnestic MCI.”
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variability in cognitive test results, are also present in some condi-
tions including neurodegenerative diseases (such as in early stages of
Lewy body disease), cerebrovascular disease (eg, intermittent small
strokes), and psychiatric conditions (eg, depression, anxiety), as well
as with medications affecting cognition (eg, opioids).

Dementia is a clinical syndrome with variable manifestations
(Table 1) that help attribute the cause of dementia and guide man-
agement. While research studies have defined a “preclinical AD,”26,30

in clinical care AD is not diagnosed before symptom onset. Differ-
entiating AD from other causes of dementia is easiest in the early
stage of illness, as dementias in the late stage have similar manifes-
tations regardless of etiology (Table 2).31-35

Because mixed dementia is common, the evaluation focuses
on identifying conditions likely to contribute to dementia (Box 1
and Table 2). Cerebrovascular disease is the most frequent comor-
bid condition with AD, and evidence of cerebrovascular disease
does not reduce the likelihood of AD. However, approximately 5%
of people with dementia show evidence of only cerebrovascular
disease. After AD, the most common neurodegenerative demen-
tias are Lewy body disease, characterized by chronic rapid eye
movement behavior disorder with early visuospatial impairment
and parkinsonism,21,22,33,34 and frontotemporal dementia, charac-
terized by a behavioral variant (the most common presentation is
disinhibition) or less often, a language impairment variant (such as
a semantic dementia, in which the meaning of the patient’s speech
is unclear) (Table 2).23,35

Diagnosis and Management
Clinical evaluations, differential diagnosis, and management of de-
mentia most commonly occur in the primary care setting, with ap-
propriate specialist input as needed.

Clinical Evaluation for Diagnosis
In 2014, the US Preventive Services Task Force indicated that there
was insufficient evidence to evaluate the balance of benefits and
harms for universal screening for cognitive impairment using for-
mal screening instruments in community-dwelling adults 65 years
and older.36 While the task force concluded that adequate evi-
dence existed for some screening tools that have sufficiently high
sensitivity and specificity for identifying dementia, there is no pub-
lished evidence related to the effect of screening on decision mak-
ing or planning by patients, clinicians, or caregivers.36 However, re-
port of memory problems37-39 or rapidly progressive cognitive
problems over several months may indicate an underlying medical
condition that warrants further evaluation with cognitive, labora-
tory, and other tests.40,41

Evaluation of possible dementia requires a brief medical
history and a cognitive and neurologic examination (Box 2). The
history remains the most important diagnostic tool and should be
obtained from both the patient and a close family member or
friend. While some patients report forgetfulness, others are unable
to recall details of their history or have anosognosia (ie, lack of
insight into one’s disease). A person accompanying the patient

Table 1. Manifestations of Dementiaa

Areab

Earlier-Stage Manifestations Later-Stage Manifestations

Category Examples Category Examples
Cognitive Short-term memory loss

(episodic memory
impairment)

Forgetting appointments, to pay
bills, recent events (such as
family outing in last few weeks)

Memory loss in working
memory (the ability to
immediately process and store
information)

Forgetting how to use household technology
(eg, how to use the microwave, dial
telephone numbers)

Word-finding difficulties
(anomia) or loss of word
meaning (semantic deficits)

Frequent trouble finding exact
words to express oneself, word
substitutions, imprecise language
(“what you eat with” for “fork”)

More marked expressive
difficulties and eventual loss of
language (eg, global aphasia)

Paraphrasic errors while speaking, paucity
of words in sentence, lack of initiation of
conversations, muteness

Psychological Apathy Lack of initiation of thought or
actions (eg, not preparing meals)

Delusions False belief system such as a deceased
relative is still alive, caregiver is
stealing money

Depressive symptoms Hopelessness and loss of purpose
in life

Anosognosia Lack of insight into cognitive problems
with attempts to continue to drive or
manage money

Behavioral Withdrawal from social
engagement

Inability to participate
meaningfully in casual
conversations

Aggression Verbal aggression such as screaming,
physical aggression such as throwing things

Disinhibition Excesses in speech (eg, echolalia,
palilalia) and actions (eg,
hyperorality such as eating from
others’ plate)

Hallucinations Visual hallucinations such as seeing small
people on table; auditory hallucinations
such as hearing singing

Wandering Walking out of home in middle of night
and getting lost

Sleep Rapid eye movement
behavior disorder

Acting out dreams such as
running while dreaming
one is being chased

Altered sleep-wake cycle Frequent awakening at night and getting
out of bed, sleeping in late in the morning
and repeated daytime napping

Physical Gait impairment Falls Repetitive purposeless
movements

Fidgeting with buttons on shirt for hours
at a time

Parkinsonism Stooped posture, short stride, unsteady
gait, rigidity

Seizures Involuntary repetitive limb jerking while
unconscious

a Note that these manifestations do not occur in all types of dementia; not all
examples provided here occur in each individual, and several less common
manifestations not listed may occur. This table does not aim to describe the
trajectories of conditions within each area but rather to provide examples of

manifestations. Variability in individual presentations is common; see text and
Table 2 for pathognomonic characteristics of particular dementia etiologies.

b Note the range of functional areas affected in dementia, beyond cognition.
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to a medical appointment who provides the medical history may
indicate cognitive impairment.

The history should characterize the nature, magnitude, and
course of cognitive changes. ”Nature” refers to the cognitive do-
mains affected. Is there loss of episodic memory (eg, what the pa-
tient did that morning, yesterday, and last week) or language abili-
ties (eg, word-finding difficulties with circumlocutions)? “Magnitude”
refers to severity: does the cognitive loss affect daily functions, such
as the patient’s ability to manage his or her own affairs (eg, does the
patient get lost while driving, not pay bills, forget to take medica-
tions)? “Course of cognitive changes” refers to the temporal course
of the symptoms, including speed of onset and pattern of progres-
sion. Does the course have an insidious onset and a slow progres-
sion (as in neurodegeneration) or a rapid onset and fluctuating and
stepwise progression (as in cerebrovascular disease)?

The history should focus on medical conditions that could affect
cognition including vascular disease risk factors (such as hyperten-
sion and diabetes), existing brain conditions (such as stroke, Parkinson
disease, head trauma), and use of medications that can impair cog-
nition (eg, sleep aids and anxiolytics such as benzodiazepines; anal-
gesics such as codeine-containing agents; anticholinergics such as tri-
cyclic antidepressants and bladder antimuscarinics).42,43 A family
history might identify young-onset dementia (onset in persons
younger than 65 years) in first-degree relatives, suggesting one of the
rare inherited genetic forms of dementia.

The cognitive examination identifies the presence, severity, and
nature of cognitive impairment (eg, memory vs language) and should
consider cultural, linguistic, educational, and other factors such as anxi-

ety and sleep deprivation. One commonly used screening tool is the
Montreal Cognitive Assessment (MoCA; range, 0-30; follow-up evalu-
ation to screening recommended if score is <24). The MoCA requires
about 10 minutes to administer and is useful in early detection of cog-
nitive impairment, including MCI with executive dysfunction.44 The
Mini-Mental State Examination was developed more than 4 decades
ago. It is less sensitive to the presence of MCI and less thoroughly evalu-
ates the domains of executive function, higher-level language skills,
and complex visuospatial processing.44-48

The neurologic examination evaluates for objective evidence of
neurocognitive problems such as aphasia, apraxia, and agnosia. Un-
usual behaviors, such as disinhibition with hyperorality or hyper-
sexuality, suggest a frontotemporal dementia, which comprises a
group of uncommon conditions associated with neuronal loss be-
ginning in the frontal region of the brain, the temporal region, or both,
while other areas are relatively spared. The examination may dem-
onstrate focal neurologic signs or parkinsonism (eg, as typically seen
in the early stages of Lewy body disease). The routine evaluation also
includes physical examination to identify systemic vascular disease
and systemic signs that may be pertinent to rarer causes of demen-
tia (eg, the golden-brown eye discoloration [Kayser-Fleischer rings]
of Wilson disease).

The routine workup typically includes a limited number of blood
tests (eg, measurement of B12 and thyrotropin levels) and neuroim-
aging with either magnetic resonance imaging or computed tomog-
raphy to identify cortical and hippocampal atrophy (as seen in AD)
or neuropathology including potentially treatable causes of demen-
tia (eg, resectable tumor; normal-pressure hydrocephalus, which

Table 2. Clinical and Pathologic Characteristics Differentiating Select Causes of Dementia

Diseasea

Alzheimer Disease Cerebrovascular Diseaseb Lewy Body Disease Frontotemporal Dementia
Pathologic
characteristics

Brain atrophy especially of
the mesial temporal lobe;
histologic hallmarks of
neuritic plaques
containing β-amyloid
and neurofibrillary
tangles containing
phosphorylated tau

Small, often cystic chronic infarcts
(lacunar infarcts), multiple
microinfarcts, or large infarcts
including intracerebral hemorrhage;
age of infarcts may be variable in the
same person, including chronic and
acute; cerebral vessel pathology
such as atherosclerosis and
arteriolosclerosis; white matter
gliosis; focal brain atrophy

Brain atrophy, often
generalized; intraneuronal
Lewy body inclusions
containing α synuclein,
including in the neocortex
(as opposed to inclusions
restricted to the substantia
nigra, as seen in Parkinson
disease)

Focal brain atrophy affecting frontalc

and/or anterior temporal lobes,
histologic hallmarks of phosphorylated
TDP-43, MAPT, or FUS protein

Onset and course Slow onset and gradual
progression over months
or years

Temporal relation between acute
vascular event (stroke) and onset of
cognitive impairment, within
minutes or days; stepwise course

Slow onset and gradual
progression over months
or years; fluctuations in
levels of alertness and
cognition

Slow onset and gradual progression
over months or years

History, examination,
and cognitive
features in the
early staged

History: Presenting
symptom is typically
short-term memory loss

Examination and/or
cognitive testing: Episodic
memory impairment
accompanied by other
subtle cognitive deficits,
such as visuospatial
problems and anomia

History: Vascular risk factors
(eg, hypertension, diabetes) or prior
stroke or other vascular events
(myocardial infarction)

Examination: Focal neurologic
deficits consistent with stroke such
as unilateral weakness and
hyperreflexia, Babinski sign

Neuroimaging: Evidence of
cerebrovascular disease, such as
infarcts or significant white matter
changes (unilateral or bilateral)
on MRI

History: RBD for years
preceding the cognitive
impairment; visual and
other hallucinations

Examination and/or
cognitive testing: Marked
visuospatial problems with
relative preservation of
memory; parkinsonism,
especially with
bradykinesia and rigidity,
but also stooped posture
and slow and shuffling gait

History: Marked changes in behaviors
such as in personality (eg, disinhibition,
apathy)

Examination and/or cognitive testing:
Disinhibition and inappropriate
behaviors; in language variant,
impaired fluency in speech, semantic
paraphrasias; other significant
executive or language problems, with
relative preservation of memory

Abbreviations: FUS, fused-in-sarcoma; MAPT, microtubule-associated protein
tau; MRI, magnetic resonance imaging; RBD, rapid eye movement behavior
disorder; TDP-43, transactive response DNA-binding protein 43.
a Diseases are listed in decreasing order of frequency, from left to right (see text

for details).

b Includes more advanced stage of the syndrome (vascular dementia).
c One specific form is Pick disease.
d Includes characteristics often present or notably absent.
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may be shunted) (Box 2).49-54 Additional evaluation is sometimes
warranted. For example, in highly educated and highly functioning
individuals, a compelling history of cognitive decline (eg, no longer
able to perform a complex task that could easily be done a year ago,
such as filling out a tax return or working at a cognitively demand-
ing job such as physician or lawyer) can suggest dementia despite
“normal” function on a brief, screening cognitive test. In this in-
stance, referral for detailed neuropsychological testing should be con-
sidered to assess a broader range of cognitive abilities (eg, memory,
executive function, language, attention, visuospatial abilities) with
increased levels of difficulty.55

If the etiology of dementia is unclear after a brief history and
examination, additional history and examination, and select blood,
neurologic, and medical tests, should be considered (Box 2).

New tests that may help identify the presence of dementia
include disease biomarkers still commonly used in research.56

For a patient whose presentation is not consistent with AD (com-
monly called “atypical dementia”; see eTable 1 in the Supplement)
and for patients in whom diagnostic certainty is low, clinicians
may consider specialist referral and additional testing. Functional
neuroimaging57 such as positron emission tomography (PET)58

can show changes suggestive of AD—usually asymmetric, bilateral
temporal-parietal hypometabolism—with routine tracers such as
fluorodeoxyglucose (FDG), which has a sensitivity of 91% and a
specificity of 85% for AD.59,60 FDG PET, covered by health insur-
ance for suspected frontotemporal dementia, may differentiate
this etiology from AD. For patients with frontotemporal demen-
tia, FDG PET typically shows decreased, asymmetric frontal lobe
hypometabolism in the behavioral variant and anterior temporal
lobe hypometabolism in the language (semantic) variant.61

Amyloid PET can also be used in patients with cognitive impair-
ment who are evaluated for AD or other causes of cognitive
decline.59,60,62 In a recent observational, multisite, longitudinal
study of Medicare beneficiaries, amyloid PET results were associ-
ated with change in management plans in more than 60% of
patients, compared with before PET scanning. Change in manage-
ment plans consisted of change in AD medication or other medica-
tion therapy and changes in counseling about safety and future
planning.63 However, there is no evidence that PET scan results
change clinical outcomes. Functional neuroimaging with tau radioli-
gands are only appropriate for research purposes.64

Cerebrospinal fluid testing may be considered to obtain evi-
dence of AD (low amyloid and high tau levels), other neurodegen-
erative disease (eg, elevated protein 14-3-3 for Creutzfeldt-Jakob dis-
ease), or other etiologies (eg, positive cultures in infection; oligoclonal
bands in demyelination; improved gait after high-volume removal
of cerebrospinal fluid in normal-pressure hydrocephalus).65-69 Ge-
netic testing may be reasonable, usually for young patients with a
history of first-degree relatives with young-onset dementia (eg, par-
ents or siblings with dementia in their fourth or fifth decade of life).
Rare autosomal dominant forms of dementia (eg, presenilin gene
mutations) warrant genetic counseling to determine whether other
family members need to be screened.70 Assessment for the APOE
genotype is not recommended for routine evaluation of AD be-
cause most people with AD dementia do not have either the pro-
tective ε2 allele or the ε4 allele (associated with increased risk) and,
more importantly, because currently, medical management would
not be altered by the test results.8 Additional neurologic workup,

such as for amyotrophic lateral sclerosis, and medical workup, such
as for cardiac, metabolic, and other etiologies, may be considered
to evaluate for reversible causes of cognitive impairment such as psy-
chiatric disorders (depression) and thyroid dysfunction (eTable 2 in
the Supplement).71

Management
The overall goals are to reduce suffering caused by the cognitive and
accompanying symptoms (eg, in mood and behavior), while delay-
ing progressive cognitive decline. Both nonpharmacologic and phar-
macologic approaches may achieve the overall goals.

Nonpharmacologic Management | For complex manifestations of de-
mentia, referrals to specialists, such as clinician managers (eg, geri-
atric nurse practitioners), social workers, occupational or speech thera-
pists, and others may be helpful. Evidence primarily from observational

Box 2. Clinical Evaluation of Suspected Dementia

Dementia is identified based on
• Medical history, including from family, friend, or caregiver,

focusing on cognition and function
• Brief outpatient or bedside cognitive examination
• If needed, neuropsychological testing

The etiology of dementia is determined based on
• Medical history

• Neurologic
• General medical
• Family

• Physical examination
• Neurologic signs (eg, cognitive impairment, focal signs,

parkinsonism)
• Pertinent systemic signs (eg, for vascular and metabolic

diseases)
• Neuropsychological testing
• Laboratory testing

• Thyroid function and vitamin B12 level
• Other tests as indicated, such as for metabolic, infectious,

autoimmune, and other etiologiesa

• Structural brain imaging with CT or MRI
• AD: generalized or focal cortical atrophy, often asymmetric

(hippocampal atrophy)
• Vascular contributions to cognitive impairment and dementia:

brain infarcts or white matter lesions
• Frontotemporal dementia: frontal lobe or anterior temporal

lobe atrophy
• Other abnormalities such as brain mass (eg, tumor)

and hydrocephalus

Referral to a specialist for additional neurologic and medical
testing, if specific etiologies suspected

• Neurophysiologic tests: EEG
• Vascular tests: head and neck MRA or CTA
• Cardiac tests: ECG, echocardiography, ambulatory cardiac

rhythm monitoring

Abbreviations: AD, Alzheimer disease; CT, computed tomography;
CTA, CT angiogram; ECG, electrocardiogram; EEG, electroencephalogram;
MRA, magnetic resonance angiogram; MRI, magnetic resonance imaging.

a Depending on the clinical presentation, consider blood tests (complete
blood cell count, erythocyte sedimentation rate, chem 7 panel [includes
glucose level, renal and liver function tests, folic acid level], and rapid
plasma reagin test).
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studies and a few randomized clinical trials suggest potential ben-
efits of select nonpharmacologic approaches in dementia (Box 3). Al-
though data demonstrating benefit are limited, nonpharmacologic ap-
proaches are inexpensive and generally safe. Cognitive training and
activities such as reading and playing cognitively engaging games
(eg, chess, bridge) may help maintain cognition and function, as shown
in randomized trials.72-74 However, frustration and stress from chal-
lenging tasks should be avoided. Music or art therapy, and other
experiential approaches, may help maintain cognition or improve
quality of life.75 Because old memories of childhood are preserved the
longest, reminiscence therapy, consisting of psychotherapy using
the personal history of an individual’s early-life stories and events, may
improve psychological well-being.76

Physical exercise, both aerobic (eg, walking, swimming) and
nonaerobic/conditioning (eg, resistance training), improve cardio-
vascular health through benefits on blood pressure and stroke risk,
and randomized trials suggest these interventions may positively
affect cognitive and physical function.77-79 However, some ran-
domized trials showed no effect of exercise on cognition.80,81 In a
randomized clinical trial, a comprehensive sleep education training
program reduced nighttime awakenings, total time awake at night,
and depressive symptoms over 6 months.82 Social activities may
be beneficial, including participating in birthday parties, holidays,
support groups with cognitively impaired individuals, and interact-
ing with trained pets (eg, dog therapy). Eating a brain-healthy diet
(eg, nuts, berries, leafy greens, fish) or a Mediterranean diet is also
suggested.83-86 A randomized clinical trial found that an interven-
tion that combined diet, exercise, cognitive training, and vascular
risk monitoring improved cognition in people at risk for cognitive
decline.87 However, patients with moderate to severe dementia
have difficulty participating in cognitive, physical, and social activi-
ties, and activities should be restricted when patients can no longer
participate safely and productively.

Day care centers and assisted living facilities may be helpful for
either the patient or caregiver but may not delay nursing home
admission.88 A randomized trial of staff and persons in residential
care facilities showed that a clinical protocol used by staff for be-

havioral and psychological symptoms of dementia improved pa-
tients’ behavioral symptoms and staff stress.87 In the terminal phase
of dementia, palliative care may be helpful.

Clinical attention for the caregiver, often a close relative, is
important. While efforts continue to effectively deliver primary
care for dementia,89 caregiver education and interventions may
improve outcomes for patients with dementia, and inexpensive
and useful information is available (eTable 3 in the Supplement). A
caregiver should monitor the patient’s mental, physical, and finan-
cial well-being, including attention to home safety, such as risk of
kitchen fires, which may be associated with patient burns.90 Other
home safety measures include controlling medication intake, limit-
ing access to firearms and other weapons, and monitoring for elder
abuse. Safety outside the home includes at work, where the care-
giver may facilitate the patient cutting back or stopping work, for
instance if managing machinery or making decisions regarding a
company’s finances. Also, driving may need to be restricted, includ-
ing limiting driving to the immediate neighborhood and daytime
driving to prevent getting lost. While no single test is associated
with better driving safety, driving ability should be reassessed peri-
odically and patients with significant dementia should stop driving,
to prevent accidents and injuries.91 The caregiver can assist in plan-
ning for health care and finances as soon as possible in the course
of the illness, to determine advance directives before late-stage
dementia.92 Educating the family on effective communication
with a person with dementia, who may eventually develop aphasia,
is important. Similarly, family members should be educated on pro-
moting psychological health and socially adaptive behaviors
(eg, simple and clear instructions to encourage cooperation with
activities to address physical and mental health needs, without
inciting agitation or aggression).

Behavioral problems, such as physical aggression, are a main
cause of emergency department visits and institutionalization and
are associated with poor outcomes for patients (eg, psychological
and medical complications) and families.93,94 Caregiver interven-
tions may prevent patient institutionalization. For example, the fam-
ily can learn to recognize fear, frustration, and anger (eg, yelling, lash-
ing out), and address signs of aggression (eg, by redirecting the
patient’s attention to something they enjoy), potentially prevent-
ing negative outcomes.95

An important consideration for families with a member who has
dementia is the high burden of caregiving.96 This burden may be
physical/medical (eg, neglect of caregiver’s own health, with poten-
tial medical complications), emotional and psychological (stress,
burnout, depression), and/or financial. Prevention, early recogni-
tion, and treatment of these issues (eg, referrals to social work for
additional support) are integral to an effective management plan.
A randomized trial demonstrated that delivering caregiver assis-
tance in person vs only by telephone improved care quality, with-
out differences in effectiveness.97

Pharmacologic Management | Table 3 reports the drugs approved by
the US Food and Drug Administration for AD dementia. Five drugs,
4 of which are currently available for prescription, yield modest symp-
tomatic benefit for cognitive symptoms. Acetylcholinesterase in-
hibitors were the first drugs approved in the United States for AD.
These drugs inhibit the brain acetylcholinesterase enzyme, thereby
promoting relative increases in acetylcholine abundance at the

Box 3. Nonpharmacologic Approaches to Dementia

• Cognitively stimulating activities (eg, reading, games)
• Physical exercise (eg, aerobic and anaerobic)
• Social interactions with others (eg, family events)
• Healthy diet such as the Mediterranean diet (eg, high in green

leafy vegetables)
• Adequate sleep (eg, uninterrupted sleep and with sufficient

number of hours)
• Proper personal hygiene (eg, regular bathing)
• Safety, including inside the home (eg, using kitchen appliances)

and outside (eg, driving)
• Medical and advanced care directives (eg, designation of power

of attorney)
• Long-term health care planning (eg, for living arrangements in

the late stage of dementia)
• Financial planning (eg, for allocation of assets)
• Effective communication (eg, for expressing needs and desires,

such as with visual aids)
• Psychological health (eg, participating in personally meaningful

activities, such as playing music)
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synaptic cleft for cholinergic neurotransmission. In a meta-analysis
review of 10 randomized, double-blind, placebo-controlled trials,
each with a 6-month duration of drug exposure, acetylcholinester-
ase inhibitors were associated with 2.4-points slower decline (95%
CI, −2.7 to −2.0; P < .001) for a cognition outcome with range 0 to
70.98 This improvement is equivalent to about 6 months of decline
from natural history studies of AD dementia, but the magnitude of
the clinically relevant benefit is uncertain.36 Also, modest improve-
ments were observed in activities of daily living and behaviors. The
efficacy of anticholinesterase inhibitors is similar among the indi-
vidual drugs (donepezil, rivastigmine, galantamine).97 Given the

modest benefits and known risks, clinicians should engage in shared
decision-making regarding the initiation of an acetylcholinesterase
inhibitor for the symptomatic treatment of AD dementia.91

Each drug shown in Table 3 is available for use orally, and 1
(rivastigmine) is also available for transdermal use. A slow-titration
dosing regimen over 4 to 8 weeks is recommended to reach the tar-
get dose and minimize adverse effects for all of the drugs. Some
drugs are prescribed at different maintenance doses depending on
effects or adverse effects. For example, donepezil maintenance can
be at 5 mg (eg, if higher dose is associated with poor tolerability),
10 mg (typical target), or 23 mg (rarely used), once daily. Despite

Table 3. Approved Pharmacologic Treatments for Dementia Attributed to Alzheimer Diseasea

Acetylcholinesterase Inhibitors
Memantine (NMDA Receptor
Antagonist)

Memantine + Donepezil
(Combination Drug)Donepezil Rivastigmine Galantamine

Stage indicated All stages of dementia Mild to moderateb Mild to moderate Moderate to severe Moderate to severe

Dosage
titration and
target

Tablet or orally
disintegrating tablet:
starting dose is 5 mg
once daily for 6 wk; if
tolerated, increase to
10 mg once daily
(typical target dose);
if tolerated and
needed, may increase
to 23 mg once dailyc

Capsule: starting dose is
1.5 mg twice daily for
2 wk; if tolerated, increase
to 3 mg twice daily for
2 wk, then 4.5 mg twice
daily for 2 wk, then 6 mg
twice daily (maximum
recommended dose, 6 mg
twice daily)

Transdermal patch:
starting dose is
4.6 mg/24 h once daily
for 4 wk; if tolerated,
increase to 9.5 mg/24 h
for ≥4 wk; if tolerated
and needed, increase
to 13.3 mg/24 h
(recommended effective
dose, 9.5-13.3 mg/24 h)

Extended-release capsule:
starting dose is 8 mg once
daily for 4 wk; if tolerated,
increase to 16 mg once
daily for ≥4 wk; if
tolerated and needed,
increase to 24 mg once
daily (recommended
target dose range,
16-24 mg once daily)

Immediate-release tablet
or oral solution: starting
dose is 4 mg twice daily
for 4 wk; if tolerated,
increase to 8 mg twice
daily for ≥4 wk; if
tolerated and needed,
increase to 12 mg twice
daily (recommended
target dose range,
8-12 mg twice daily)

Extended-release capsule:
starting dose is 7 mg once
daily for 1 wk; if tolerated,
may increase to 14 mg once
daily, then 21 mg once daily,
and then 28 mg once daily, at
a minimum of 1-wk intervals
(recommended target dose,
28 mg once daily)

Tablet or oral solution:
starting dose is 5 mg once
daily for 1 wk; if tolerated,
may increase to 5 mg twice
daily, then 5 mg in AM and
10 mg in PM, and then 10 mg
twice daily, at a minimum of
1-wk intervals (recommended
target dose, 10 mg twice
daily)

Capsule: target dose is
28 mg memantine
extended-release with
10 mg donepezil, once daily
in the evening

For patients with severe
renal impairment, maximum
dose is 14 mg memantine
extended-release with
10 mg donepezil once daily

Advantages Among drugs listed,
donepezil has been
available for the
longest time and,
with prescriber
familiarity, remains
commonly used;
available as generic
drug and covered by
most health insurance
plans

Also available as a skin
patch application, which is
a good option when a
patient has barriers to
using an oral route of
administration; also
indicated for mild to
moderate dementia
associated with Parkinson
disease

The most recent option for
use in mild to
moderate stage

May be used in combination
with one of the
acetylcholinesterase inhibitors
or as monotherapy

Single-pill combination is
best for patients already
exposed to 1 or both of
these individual drugs in the
past and who have not
experienced adverse effects

Adverse effects Nausea, vomiting,
loss of appetite,
increased frequency
of bowel movements,
vivid dreams,
insomnia; use with
caution in patients
with peptic ulcer
disease, respiratory
disease, seizure
disorder, and urinary
tract obstruction;
contraindicated in
patients with
bradycardia

Nausea, vomiting, loss of
appetite, increased
frequency of bowel
movements, vivid dreams,
insomnia; use with caution
in patients with peptic
ulcer disease, respiratory
disease, seizure disorder,
and urinary tract
obstruction;
contraindicated in patients
with bradycardia

Patch formulation can
cause local skin irritation
and reactions

Nausea, vomiting, loss of
appetite, increased
frequency of bowel
movements, vivid dreams,
insomnia; use with caution
in patients with peptic
ulcer disease, respiratory
disease, seizure disorder,
and urinary tract
obstruction;
contraindicated in patients
with bradycardia

Headache, constipation,
confusion, and dizziness; use
with caution in patients with
cardiovascular disease, seizure
disorder, and severe hepatic
and renal impairment

Nausea, vomiting, loss of
appetite, increased
frequency of bowel
movements, vivid dreams,
insomnia; use with caution
in patients with peptic ulcer
disease, respiratory disease,
seizure disorder, and urinary
tract obstruction;
contraindicated in patients
with bradycardia

Headache, constipation,
confusion, and dizziness;
use with caution in patients
with cardiovascular disease,
seizure disorder, and severe
hepatic and renal
impairment

Abbreviation: NMDA, N-methyl-D-aspartic acid
a Approved by the US Food and Drug Administration; refer to current,

established sources of data (eg, https://www.pdr.net/drug-summary)
for most up-to-date prescribing information, including for indications,
dosages, adverse effects, risks, and contraindications; note that tacrine,
another anticholinesterase inhibitor, was the first drug approved for

Alzheimer disease in the United States but is no longer in use because of
related toxicity.

b A transdermal patch formulation is also approved for the severe stage
of dementia.

c The 23-mg dose is available as brand-name tablet only.
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a slow titration, adverse effects, such as gastrointestinal adverse ef-
fects (eg, nausea, vomiting, and diarrhea in about 5% of users), may
occur (Table 3). Rates of adverse effects may be higher than previ-
ously recognized.99 If adverse effects are encountered, dosage may
be lowered (eg, from 10 mg of donepezil to 5 mg) temporarily
(eg, days to weeks) before reescalating more slowly and monitor-
ing for recurrence of adverse effects (family instructed to call clini-
cian if adverse effects occur). Alternatively, the drug can be discon-
tinued and a different drug can be prescribed even in the same class
(another acetylcholinesterase inhibitor), given that adverse ef-
fects vary among same-class drugs.100 Approximately 5% of pa-
tients discontinue the drug because of adverse effects. If the drug
is tolerated, annual or semi-annual brief assessments using the his-
tory (eg, progression of cognitive problems, new cognitive prob-
lems, functional status) and a brief cognitive test can be used in the
absence of new problems. Often, clinicians cannot discern a ben-
efit and must rely on caregiver reports. A good response to a drug
would result in the caregiver noticing a slight improvement in day-
to-day life (eg, improved ability to function at home). Routine cog-
nitive tests such as the MoCA44 can be used to monitor disease
course during treatment to identify unexpected trends such as rapid
decline, which would prompt consideration for a medical evalua-
tion (eg, for systemic infection). However, benefits are typically not
seen on such routine tests. Monitoring requires periodic reevalua-
tion of cognition, function, neuropsychiatric and behavioral symp-
toms, and medication reconciliation.101-104

As neurodegeneration in AD progresses, further cognitive and
functional decline invariably occur. Memantine may be considered
for patients with moderate to severe dementia (Table 3). Meman-
tine also can be used as a first-line drug, for instance when a patient
with moderate dementia presents for a first evaluation but is not tak-
ing any medication for cognition. Another use is for patients who can-
not tolerate an acetylcholinesterase inhibitor. Adverse effects of me-
mantine include headaches and constipation.

Aside from AD, few other dementia etiologies have approved
pharmacologic treatments for cognitive symptoms, and no disease-
specific treatments exist for Lewy body disease or frontotemporal
dementia. In addition to AD, rivastigmine has also received ap-
proval for Parkinson disease dementia. Currently, no drugs are ap-
proved by the US Food and Drug Administration for MCI,105 and stud-
ies of acetylcholinesterase inhibitors failed to show benefit in this
population.106 At this time, more than 100 drugs are being investi-
gated for dementia and cognition, including potential disease-
modifying agents.107,108

Medical management should address common causes of cog-
nitive impairment and dementia, including polypharmacy, which af-
fects one-third of persons older than 60 years.109,110 Special con-
siderations may be appropriate for patients with medical
comorbidities (eg, kidney dysfunction). Another approach in de-
mentia management is reducing brain ischemia and stroke risk by
treating vascular risk factors (hypertension, diabetes, hyperlipid-
emia) and consideration of the risk-benefit ratio for antithrombot-
ics and anticoagulants (if prior stroke or atrial fibrillation are pre-
sent). A recent randomized clinical trial of dementia prevention
showed that intensive blood pressure lowering in persons with hy-
pertension (comparing a target systolic blood pressure below 120
mm Hg with a pressure between 120-140 mm Hg) did not reduce
risk of dementia but did reduce the combined rate of MCI or prob-
able dementia in a post hoc analysis.111

Dementia is often accompanied by neuropsychiatric and be-
havioral problems. About 95% of patients have at least mild symp-
toms, most commonly apathy (83%) and depression (63%).112 Ap-
proved treatments do not exist for these noncognitive manifestations
in the setting of dementia. For depression, a low-dose antidepres-
sant can be tried, such as a selective serotonin reuptake inhibitor (eg,
escitalopram). Management of agitation and aggression can be chal-
lenging. Conventional antipsychotics, such as haloperidol, should be
avoided.113 Newer-generation “atypical” antipsychotics such as ris-
peridone and quetiapine fumarate should be avoided if possible,
given their association with serious risks, especially in older
patients114; death, and cardiac effects such as heart failure and stroke,
have resulted in a black box warning. Therefore, antipsychotics
should only be used in controlled environments (eg, under close
medical supervision) and for a limited time only (eg, a few weeks)
when all other nonpharmacologic approaches have failed or the pa-
tient’s behavior poses a substantial threat to the patient or others.113

Conclusions
Alzheimer disease currently affects 5.8 million persons in the United
States and is a common cause of dementia, which is usually accom-
panied by other neuropathology, often cerebrovascular disease such
as brain infarcts. Causes of dementia can be diagnosed by medical
history, cognitive and physical examination, laboratory testing, and
brain imaging. Management should include both nonpharmaco-
logic and pharmacologic approaches, although efficacy of avail-
able treatments remains limited.

ARTICLE INFORMATION

Accepted for Publication: September 10, 2019.

Author Contributions: Dr Arvanitakis had full
access to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Arvanitakis, Bennett.
Acquisition, analysis, or interpretation of data:
Arvanitakis, Shah.
Drafting of the manuscript: Arvanitakis, Shah.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Arvanitakis.
Obtained funding: Arvanitakis, Bennett.

Administrative, technical, or material support:
Arvanitakis.
Supervision: Arvanitakis, Bennett.

Conflict of Interest Disclosures: Dr Arvanitakis
reported serving as a clinical trial site principal
investigator for Amylyx Pharmaceuticals and
receiving grants from the Alzheimer’s Association,
the Alzheimer’s Drug Discovery Foundation, and
the National Institutes of Health. Dr Shah reported
serving on the board of directors for the
Alzheimer’s Association—Illinois Chapter; serving as
a clinical trial site investigator or subinvestigator for
Amylyx Pharmaceuticals, Eli Lilly, Genentech,
Lundbeck, Merck, Navidea Biopharmaceuticals,
Novartis Pharmaceuticals, Roche Holdings AG, and

Takeda Development Center Americas Inc; and
receiving grants from the National Institutes of
Health, Patient-Centered Outcomes Research
Institute, Patient-Centered Research Foundation,
and Department of Defense. Dr Bennett reported
receiving consulting fees from AbbVie and Takeda
for clinical trial data monitoring committees;
serving as a site-principal investigator of studies
funded by National Institutes of Health, Biogen, and
Neurovision; and receiving additional support from
the American Heart Association. No other authors
reported disclosures.

Funding/Support: This study was supported by the
National Institutes of Health (P30 AG010161, R01
AG040039, R01 NS084965, and RF1 AG059621);

Clinical Review & Education Review Diagnosis and Management of Dementia

1596 JAMA October 22/29, 2019 Volume 322, Number 16 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Northwestern University User  on 10/22/2019

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782


the Health Resources and Services Administration
(HRSA-15-057); and the Illinois Department of
Public Health.

Role of the Funders/Sponsors: The study funders
had no role in the design or conduct of the study;
collection, management, analysis, or interpretation
of the data; preparation, review, or approval of the
manuscript; or decision to submit the manuscript
for publication.

Submissions: We encourage authors to submit
papers for consideration as a Review. Please
contact Edward Livingston, MD, at Edward.
livingston@jamanetwork.org or Mary McGrae
McDermott, MD, at mdm608@northwestern.edu.

REFERENCES

1. Alzheimer’s Disease International (ADI). World
Alzheimer Report 2015: the Global Impact of
Dementia: An Analysis of Prevalence, Incidence,
Cost and Trends. ADI website. https://www.alz.co.
uk/research/WorldAlzheimerReport2015.pdf.
Published 2015. Accessed March 20, 2018.

2. Wimo A, Jönsson L, Bond J, Prince M, Winblad B;
Alzheimer Disease International. The worldwide
economic impact of dementia 2010. Alzheimers
Dement. 2013;9(1):1-11. doi:10.1016/j.jalz.2012.11.006

3. Goodman RA, Lochner KA, Thambisetty M,
Wingo TS, Posner SF, Ling SM. Prevalence of
dementia subtypes in United States Medicare
fee-for-service beneficiaries, 2011-2013. Alzheimers
Dement. 2017;13(1):28-37. doi:10.1016/j.jalz.2016.
04.002

4. Hebert LE, Weuve J, Scherr PA, Evans DA.
Alzheimer disease in the United States
(2010-2050) estimated using the 2010 census.
Neurology. 2013;80(19):1778-1783. doi:10.1212/WNL.
0b013e31828726f5

5. Centers for Disease Control and Prevention
(CDC). Health, United States, 2015: With Special
Feature on Racial and Ethnic Health Disparities.
CDC website. https://www.cdc.gov/nchs/data/hus/
hus15.pdf. Published 2016. Accessed March 20,
2018.

6. GBD 2015 Mortality and Causes of Death
Collaborators. Global, regional, and national life
expectancy, all-cause mortality, and cause-specific
mortality for 249 causes of death, 1980-2015:
a systematic analysis for the Global Burden of
Disease Study 2015. Lancet. 2016;388(10053):
1459-1544. doi:10.1016/S0140-6736(16)31012-1

7. Alzheimer’s Association. 2019 Alzheimer’s
disease facts and figures. Alzheimers Dement. 2019;
15(3):321-387. doi:10.1016/j.jalz.2019.01.010

8. Holtzman DM, Herz J, Bu G. Apolipoprotein E
and apolipoprotein E receptors: normal biology and
roles in Alzheimer disease. Cold Spring Harb
Perspect Med. 2012;2(3):a006312. doi:10.1101/
cshperspect.a006312

9. Schellenberg GD, Bird TD, Wijsman EM, et al.
Genetic linkage evidence for a familial Alzheimer’s
disease locus on chromosome 14. Science. 1992;258
(5082):668-671. doi:10.1126/science.1411576

10. Tanzi RE. Molecular genetics of Alzheimer’s
disease and the amyloid beta peptide precursor
gene. Ann Med. 1989;21(2):91-94. doi:10.3109/
07853898909149191

11. Head E, Lott IT, Wilcock DM, Lemere CA. Aging
in Down syndrome and the development of
Alzheimer’s disease neuropathology. Curr Alzheimer

Res. 2016;13(1):18-29. doi:10.2174/
1567205012666151020114607

12. Naj AC, Jun G, Reitz C, et al; Alzheimer Disease
Genetics Consortium. Effects of multiple genetic
loci on age at onset in late-onset Alzheimer disease:
a genome-wide association study [published
correction appears in JAMA Neurol.
2014;71(11):1457]. JAMA Neurol. 2014;71(11):1394-
1404. doi:10.1001/jamaneurol.2014.1491

13. Terracciano A, Stephan Y, Luchetti M, Albanese
E, Sutin AR. Personality traits and risk of cognitive
impairment and dementia. J Psychiatr Res. 2017;89:
22-27. doi:10.1016/j.jpsychires.2017.01.011

14. Pal K, Mukadam N, Petersen I, Cooper C. Mild
cognitive impairment and progression to dementia
in people with diabetes, prediabetes and metabolic
syndrome: a systematic review and meta-analysis.
Soc Psychiatry Psychiatr Epidemiol. 2018;53(11):
1149-1160. doi:10.1007/s00127-018-1581-3

15. Singh B, Parsaik AK, Mielke MM, et al.
Association of Mediterranean diet with mild
cognitive impairment and Alzheimer’s disease:
a systematic review and meta-analysis. J Alzheimers
Dis. 2014;39(2):271-282. doi:10.3233/JAD-130830

16. Wilson RS, Mendes De Leon CF, Barnes LL, et al.
Participation in cognitively stimulating activities
and risk of incident Alzheimer disease. JAMA. 2002;
287(6):742-748. doi:10.1001/jama.287.6.742

17. Stephen R, Hongisto K, Solomon A, Lönnroos E.
Physical activity and Alzheimer’s disease:
a systematic review. J Gerontol A Biol Sci Med Sci.
2017;72(6):733-739.

18. Gupta A, Preis SR, Beiser A, et al. Mid-life
cardiovascular risk impacts memory function: the
Framingham Offspring Study. Alzheimer Dis Assoc
Disord. 2015;29(2):117-123.

19. Schneider JA, Arvanitakis Z, Leurgans SE,
Bennett DA. The neuropathology of probable
Alzheimer disease and mild cognitive impairment.
Ann Neurol. 2009;66(2):200-208. doi:10.1002/
ana.21706

20. Bennett DA, Wilson RS, Arvanitakis Z, Boyle
PA, de Toledo-Morrell L, Schneider JA. Selected
findings from the Religious Orders Study and Rush
Memory and Aging Project. J Alzheimers Dis.
2013;33(suppl 1):S397-S403. doi:10.3233/JAD-2012-
129007

21. 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

22. Schneider JA, Arvanitakis Z, Yu L, Boyle PA,
Leurgans SE, Bennett DA. Cognitive impairment,
decline and fluctuations in older community-
dwelling subjects with Lewy bodies. Brain. 2012;135
(pt 10):3005-3014. doi:10.1093/brain/aws234

23. Perry DC, Brown JA, Possin KL, et al.
Clinicopathological correlations in behavioural
variant frontotemporal dementia. Brain. 2017;140
(12):3329-3345. doi:10.1093/brain/awx254

24. Negash S, Bennett DA, Wilson RS, Schneider
JA, Arnold SE. Cognition and neuropathology in
aging: multidimensional perspectives from the
Rush Religious Orders Study and Rush Memory and
Aging Project. Curr Alzheimer Res. 2011;8(4):336-340.
doi:10.2174/156720511795745302

25. Boyle PA, Yu L, Leurgans SE, et al. Attributable
risk of Alzheimer’s dementia attributed to

age-related neuropathologies. Ann Neurol. 2019;85
(1):114-124. doi:10.1002/ana.25380

26. McKhann GM, Knopman DS, Chertkow H, et al.
The diagnosis of dementia due to Alzheimer’s
disease: recommendations from the National
Institute on Aging–Alzheimer’s Association
workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011;7(3):
263-269. doi:10.1016/j.jalz.2011.03.005

27. Albert MS, DeKosky ST, Dickson D, et al. The
diagnosis of mild cognitive impairment due to
Alzheimer’s disease: recommendations from the
National Institute on Aging–Alzheimer’s Association
workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011;7(3):
270-279. doi:10.1016/j.jalz.2011.03.008

28. Onyike CU, Diehl-Schmid J. The epidemiology
of frontotemporal dementia. Int Rev Psychiatry.
2013;25(2):130-137. doi:10.3109/09540261.2013.
776523

29. American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders. 5th ed.
Washington, DC: American Psychiatric Association;
2013.

30. Sperling RA, Aisen PS, Beckett LA, et al.
Toward defining the preclinical stages of
Alzheimer’s disease: recommendations from the
National Institute on Aging–Alzheimer’s Association
workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011;7(3):
280-292. doi:10.1016/j.jalz.2011.03.003

31. Corriveau RA, Koroshetz WJ, Gladman JT, et al.
Alzheimer’s Disease–Related Dementias Summit
2016: national research priorities. Neurology. 2017;
89(23):2381-2391. doi:10.1212/WNL.
0000000000004717

32. Gorelick PB, Scuteri A, Black SE, et al; American
Heart Association Stroke Council, Council on
Epidemiology and Prevention, Council on
Cardiovascular Nursing, Council on Cardiovascular
Radiology and Intervention, and Council on
Cardiovascular Surgery and Anesthesia. Vascular
contributions to cognitive impairment and
dementia: a statement for healthcare professionals
from the American Heart Association/American
Stroke Association. Stroke. 2011;42(9):2672-2713.
doi:10.1161/STR.0b013e3182299496

33. Walker Z, Possin KL, Boeve BF, Aarsland D.
Lewy body dementias. Lancet. 2015;386(10004):
1683-1697. doi:10.1016/S0140-6736(15)00462-6

34. McKeith IG, Boeve BF, Dickson DW, et al.
Diagnosis and management of dementia with Lewy
bodies: fourth consensus report of the DLB
Consortium. Neurology. 2017;89(1):88-100. doi:10.
1212/WNL.0000000000004058

35. Bang J, Spina S, Miller BL. Frontotemporal
dementia. Lancet. 2015;386(10004):1672-1682.
doi:10.1016/S0140-6736(15)00461-4

36. Moyer VA; U.S. Preventive Services Task Force.
Screening for cognitive impairment in older adults:
U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2014;
160(11):791-797. doi:10.7326/M14-0496

37. Arvanitakis Z, Leurgans SE, Fleischman DA,
et al. Memory complaints, dementia, and
neuropathology in older blacks and whites. Ann
Neurol. 2018;83(4):718-729. doi:10.1002/ana.25189

38. Rabin LA, Smart CM, Crane PK, et al. Subjective
cognitive decline in older adults: an overview of

Diagnosis and Management of Dementia Review Clinical Review & Education

jama.com (Reprinted) JAMA October 22/29, 2019 Volume 322, Number 16 1597

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Northwestern University User  on 10/22/2019

mailto:Edward.livingston@jamanetwork.org
mailto:Edward.livingston@jamanetwork.org
mailto:mdm608@northwestern.edu
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf
https://dx.doi.org/10.1016/j.jalz.2012.11.006
https://dx.doi.org/10.1016/j.jalz.2016.04.002
https://dx.doi.org/10.1016/j.jalz.2016.04.002
https://dx.doi.org/10.1212/WNL.0b013e31828726f5
https://dx.doi.org/10.1212/WNL.0b013e31828726f5
https://www.cdc.gov/nchs/data/hus/hus15.pdf
https://www.cdc.gov/nchs/data/hus/hus15.pdf
https://dx.doi.org/10.1016/S0140-6736(16)31012-1
https://dx.doi.org/10.1016/j.jalz.2019.01.010
https://dx.doi.org/10.1101/cshperspect.a006312
https://dx.doi.org/10.1101/cshperspect.a006312
https://dx.doi.org/10.1126/science.1411576
https://dx.doi.org/10.3109/07853898909149191
https://dx.doi.org/10.3109/07853898909149191
https://dx.doi.org/10.2174/1567205012666151020114607
https://dx.doi.org/10.2174/1567205012666151020114607
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2014.1491?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1016/j.jpsychires.2017.01.011
https://dx.doi.org/10.1007/s00127-018-1581-3
https://dx.doi.org/10.3233/JAD-130830
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.287.6.742?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://www.ncbi.nlm.nih.gov/pubmed/28049634
https://www.ncbi.nlm.nih.gov/pubmed/28049634
https://www.ncbi.nlm.nih.gov/pubmed/25187219
https://www.ncbi.nlm.nih.gov/pubmed/25187219
https://dx.doi.org/10.1002/ana.21706
https://dx.doi.org/10.1002/ana.21706
https://dx.doi.org/10.3233/JAD-2012-129007
https://dx.doi.org/10.3233/JAD-2012-129007
https://dx.doi.org/10.1016/j.neurobiolaging.2017.01.017
https://dx.doi.org/10.1093/brain/aws234
https://dx.doi.org/10.1093/brain/awx254
https://dx.doi.org/10.2174/156720511795745302
https://dx.doi.org/10.1002/ana.25380
https://dx.doi.org/10.1016/j.jalz.2011.03.005
https://dx.doi.org/10.1016/j.jalz.2011.03.008
https://dx.doi.org/10.3109/09540261.2013.776523
https://dx.doi.org/10.3109/09540261.2013.776523
https://dx.doi.org/10.1016/j.jalz.2011.03.003
https://dx.doi.org/10.1212/WNL.0000000000004717
https://dx.doi.org/10.1212/WNL.0000000000004717
https://dx.doi.org/10.1161/STR.0b013e3182299496
https://dx.doi.org/10.1016/S0140-6736(15)00462-6
https://dx.doi.org/10.1212/WNL.0000000000004058
https://dx.doi.org/10.1212/WNL.0000000000004058
https://dx.doi.org/10.1016/S0140-6736(15)00461-4
https://dx.doi.org/10.7326/M14-0496
https://dx.doi.org/10.1002/ana.25189
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782


self-report measures used across 19 international
research studies. J Alzheimers Dis. 2015;48(suppl 1):
S63-S86. doi:10.3233/JAD-150154

39. Adams M. Routine check-ups and other factors
affecting discussions with a health care provider
about subjective memory complaints, behavioral
risk factor surveillance system, 21 states, 2011. Prev
Chronic Dis. 2016;13:E15. doi:10.5888/pcd13.150471

40. Morandi A, McCurley J, Vasilevskis EE, et al.
Tools to detect delirium superimposed on
dementia: a systematic review [published
correction appears in J Am Geriatr Soc.
2013;61(1):174]. J Am Geriatr Soc. 2012;60(11):
2005-2013. doi:10.1111/j.1532-5415.2012.04199.x

41. Geschwind MD. Rapidly progressive dementia.
Continuum (Minneap Minn). 2016;22(2
Dementia):510-537.

42. Van Dyk K, Towns S, Tatarina O, et al. Assessing
fluctuating cognition in dementia diagnosis:
interrater reliability of the clinician assessment of
fluctuation. Am J Alzheimers Dis Other Demen.
2016;31(2):137-143. doi:10.1177/1533317515603359

43. Pfistermeister B, Tümena T, Gaßmann KG,
Maas R, Fromm MF. Anticholinergic burden and
cognitive function in a large German cohort of
hospitalized geriatric patients. PLoS One. 2017;12
(2):e0171353. doi:10.1371/journal.pone.0171353

44. Nasreddine ZS, Phillips NA, Bédirian V, et al.
The Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am
Geriatr Soc. 2005;53(4):695-699. doi:10.1111/j.1532-
5415.2005.53221.x

45. Li G, Larson EB, Shofer JB, et al. Cognitive
trajectory changes over 20 years before dementia
diagnosis: a large cohort study. J Am Geriatr Soc.
2017;65(12):2627-2633. doi:10.1111/jgs.15077

46. Cornelis E, Gorus E, Beyer I, Bautmans I,
De Vriendt P. Early diagnosis of mild cognitive
impairment and mild dementia through basic and
instrumental activities of daily living: development
of a new evaluation tool. PLoS Med. 2017;14(3):
e1002250. doi:10.1371/journal.pmed.1002250

47. Abdin E, Vaingankar JA, Picco L, et al.
Validation of the short version of the 10/66
dementia diagnosis in multiethnic Asian older
adults in Singapore. BMC Geriatr. 2017;17(1):94. doi:
10.1186/s12877-017-0475-7

48. Salem LC, Vogel A, Ebstrup J, Linneberg A,
Waldemar G. Subjective cognitive complaints
included in diagnostic evaluation of dementia helps
accurate diagnosis in a mixed memory clinic cohort.
Int J Geriatr Psychiatry. 2015;30(12):1177-1185. doi:
10.1002/gps.4272

49. 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

50. Filippi M, Agosta F, Barkhof F, et al; European
Federation of the Neurologic Societies. EFNS Task
Force: the use of neuroimaging in the diagnosis of
dementia. Eur J Neurol. 2012;19(12):e131-e140,
1487-1501. doi:10.1111/j.1468-1331.2012.03859.x

51. Shams S, Martola J, Granberg T, et al. Cerebral
microbleeds: different prevalence, topography, and
risk factors depending on dementia diagnosis—the
Karolinska Imaging Dementia Study. AJNR Am J

Neuroradiol. 2015;36(4):661-666. doi:10.3174/ajnr.
A4176

52. Harper L, Fumagalli GG, Barkhof F, et al.
MRI visual rating scales in the diagnosis of
dementia: evaluation in 184 post-mortem
confirmed cases. Brain. 2016;139(pt 4):1211-1225.
doi:10.1093/brain/aww005

53. Verhagen MV, Guit GL, Hafkamp GJ,
Kalisvaart K. The impact of MRI combined with
visual rating scales on the clinical diagnosis of
dementia: a prospective study. Eur Radiol. 2016;26
(6):1716-1722. doi:10.1007/s00330-015-3957-z

54. Teipel SJ, Keller F, Thyrian JR, et al.
Hippocampus and basal forebrain volumetry for
dementia and mild cognitive impairment diagnosis:
could it be useful in primary care? J Alzheimers Dis.
2017;55(4):1379-1394. doi:10.3233/JAD-160778

55. Rajan KB, Wilson RS, Weuve J, Barnes LL,
Evans DA. Cognitive impairment 18 years before
clinical diagnosis of Alzheimer disease dementia.
Neurology. 2015;85(10):898-904. doi:10.1212/WNL.
0000000000001774

56. Jack CR Jr, 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

57. Nicastro N, Garibotto V, Allali G, Assal F,
Burkhard PR. Added value of combined
semi-quantitative and visual [123I]FP-CIT SPECT
analyses for the diagnosis of dementia with Lewy
bodies. Clin Nucl Med. 2017;42(2):e96-e102. doi:10.
1097/RLU.0000000000001477

58. Martínez G, Vernooij RW, Fuentes Padilla P,
Zamora J, Flicker L, Bonfill Cosp X. 18F PET with
flutemetamol for the early diagnosis of Alzheimer’s
disease dementia and other dementias in people
with mild cognitive impairment (MCI). Cochrane
Database Syst Rev. 2017;11:CD012884.

59. Ben Bouallègue F, Mariano-Goulart D,
Payoux P; Alzheimer’s Disease Neuroimaging
Initiative (ADNI). Comparison of CSF markers and
semi-quantitative amyloid PET in Alzheimer’s
disease diagnosis and in cognitive impairment
prognosis using the ADNI-2 database. Alzheimers
Res Ther. 2017;9(1):32. doi:10.1186/s13195-017-
0260-z

60. Perani D, Cerami C, Caminiti SP, et al.
Cross-validation of biomarkers for the early
differential diagnosis and prognosis of dementia in
a clinical setting [published correction appears in
Eur J Nucl Med Mol Imaging. 2016;43(1):202-203].
Eur J Nucl Med Mol Imaging. 2016;43(3):499-508.
doi:10.1007/s00259-015-3170-y

61. Shivamurthy VK, Tahari AK, Marcus C,
Subramaniam RM. Brain FDG PET and the diagnosis
of dementia. AJR Am J Roentgenol. 2015;204(1):
W76-W85. doi:10.2214/AJR.13.12363

62. Hellwig S, Frings L, Bormann T, Vach W,
Buchert R, Meyer PT. Amyloid imaging for
differential diagnosis of dementia: incremental
value compared to clinical diagnosis and [18F]FDG
PET. Eur J Nucl Med Mol Imaging. 2019;46(2):312-323.
doi:10.1007/s00259-018-4111-3

63. Rabinovici GD, Gatsonis C, Apgar C, et al.
Association of amyloid positron emission
tomography with subsequent change in clinical
management among Medicare beneficiaries with
mild cognitive impairment or dementia. JAMA.

2019;321(13):1286-1294. doi:10.1001/jama.2019.
2000

64. Jack CR Jr, Wiste HJ, Schwarz CG, et al.
Longitudinal tau PET in ageing and Alzheimer’s
disease. Brain. 2018;141(5):1517-1528. doi:10.1093/
brain/awy059

65. Kaerst L, Kuhlmann A, Wedekind D, Stoeck K,
Lange P, Zerr I. Using cerebrospinal fluid marker
profiles in clinical diagnosis of dementia with Lewy
bodies, Parkinson’s disease, and Alzheimer’s
disease. J Alzheimers Dis. 2014;38(1):63-73. doi:10.
3233/JAD-130995

66. Struyfs H, Van Broeck B, Timmers M, et al.
Diagnostic accuracy of cerebrospinal fluid
amyloid-β isoforms for early and differential
dementia diagnosis. J Alzheimers Dis. 2015;45(3):
813-822. doi:10.3233/JAD-141986

67. Grangeon L, Paquet C, Bombois S, et al;
Collaborators of the ePLM.fr Group. Differential
diagnosis of dementia with high levels of
cerebrospinal fluid tau protein. J Alzheimers Dis.
2016;51(3):905-913. doi:10.3233/JAD-151111

68. Krudop WA, Dols A, Kerssens CJ, et al. Impact
of imaging and cerebrospinal fluid biomarkers on
behavioral variant frontotemporal dementia
diagnosis within a late-onset frontal lobe syndrome
cohort. Dement Geriatr Cogn Disord. 2016;41(1-2):
16-26. doi:10.1159/000441023

69. Goossens J, Bjerke M, Struyfs H, et al.
No added diagnostic value of non-phosphorylated
tau fraction (p-taurel) in CSF as a biomarker for
differential dementia diagnosis. Alzheimers Res Ther.
2017;9(1):49. doi:10.1186/s13195-017-0275-5

70. Goldman JS. Genetic testing and counseling in
the diagnosis and management of young-onset
dementias. Psychiatr Clin North Am. 2015;38(2):
295-308. doi:10.1016/j.psc.2015.01.008

71. Manabe Y, Inui Y, Toyama H, Kosaka K.
123I-metaiodobenzylguanidine myocardial
scintigraphy with early images alone is useful for
the differential diagnosis of dementia with Lewy
bodies. Psychiatry Res Neuroimaging. 2017;261:75-
79. doi:10.1016/j.pscychresns.2016.12.011

72. Cheng ST, Chow PK, Song YQ, et al. Mental and
physical activities delay cognitive decline in older
persons with dementia. Am J Geriatr Psychiatry.
2014;22(1):63-74. doi:10.1016/j.jagp.2013.01.060

73. Willis SL, Tennstedt SL, Marsiske M, et al;
ACTIVE Study Group. Long-term effects of
cognitive training on everyday functional outcomes
in older adults. JAMA. 2006;296(23):2805-2814.
doi:10.1001/jama.296.23.2805

74. Rebok GW, Ball K, Guey LT, et al; ACTIVE Study
Group. Ten-year effects of the Advanced Cognitive
Training for Independent and Vital Elderly cognitive
training trial on cognition and everyday functioning
in older adults. J Am Geriatr Soc. 2014;62(1):16-24.
doi:10.1111/jgs.12607

75. Sánchez A, Maseda A, Marante-Moar MP,
de Labra C, Lorenzo-López L, Millán-Calenti JC.
Comparing the effects of multisensory stimulation
and individualized music sessions on elderly people
with severe dementia: a randomized controlled
trial. J Alzheimers Dis. 2016;52(1):303-315. doi:10.
3233/JAD-151150

76. Wang JJ. Group reminiscence therapy for
cognitive and affective function of demented
elderly in Taiwan. Int J Geriatr Psychiatry. 2007;22
(12):1235-1240. doi:10.1002/gps.1821

Clinical Review & Education Review Diagnosis and Management of Dementia

1598 JAMA October 22/29, 2019 Volume 322, Number 16 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Northwestern University User  on 10/22/2019

https://dx.doi.org/10.3233/JAD-150154
https://dx.doi.org/10.5888/pcd13.150471
https://dx.doi.org/10.1111/j.1532-5415.2012.04199.x
https://www.ncbi.nlm.nih.gov/pubmed/27042906
https://www.ncbi.nlm.nih.gov/pubmed/27042906
https://dx.doi.org/10.1177/1533317515603359
https://dx.doi.org/10.1371/journal.pone.0171353
https://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
https://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
https://dx.doi.org/10.1111/jgs.15077
https://dx.doi.org/10.1371/journal.pmed.1002250
https://dx.doi.org/10.1186/s12877-017-0475-7
https://dx.doi.org/10.1002/gps.4272
https://dx.doi.org/10.1212/WNL.56.9.1143
https://dx.doi.org/10.1111/j.1468-1331.2012.03859.x
https://dx.doi.org/10.3174/ajnr.A4176
https://dx.doi.org/10.3174/ajnr.A4176
https://dx.doi.org/10.1093/brain/aww005
https://dx.doi.org/10.1007/s00330-015-3957-z
https://dx.doi.org/10.3233/JAD-160778
https://dx.doi.org/10.1212/WNL.0000000000001774
https://dx.doi.org/10.1212/WNL.0000000000001774
https://dx.doi.org/10.1016/j.jalz.2018.02.018
https://dx.doi.org/10.1097/RLU.0000000000001477
https://dx.doi.org/10.1097/RLU.0000000000001477
https://www.ncbi.nlm.nih.gov/pubmed/29164602
https://www.ncbi.nlm.nih.gov/pubmed/29164602
https://dx.doi.org/10.1186/s13195-017-0260-z
https://dx.doi.org/10.1186/s13195-017-0260-z
https://dx.doi.org/10.1007/s00259-015-3170-y
https://dx.doi.org/10.2214/AJR.13.12363
https://dx.doi.org/10.1007/s00259-018-4111-3
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.2000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.2000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1093/brain/awy059
https://dx.doi.org/10.1093/brain/awy059
https://dx.doi.org/10.3233/JAD-130995
https://dx.doi.org/10.3233/JAD-130995
https://dx.doi.org/10.3233/JAD-141986
https://dx.doi.org/10.3233/JAD-151111
https://dx.doi.org/10.1159/000441023
https://dx.doi.org/10.1186/s13195-017-0275-5
https://dx.doi.org/10.1016/j.psc.2015.01.008
https://dx.doi.org/10.1016/j.pscychresns.2016.12.011
https://dx.doi.org/10.1016/j.jagp.2013.01.060
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.296.23.2805?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1111/jgs.12607
https://dx.doi.org/10.3233/JAD-151150
https://dx.doi.org/10.3233/JAD-151150
https://dx.doi.org/10.1002/gps.1821
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782


77. Hoffmann K, Sobol NA, Frederiksen KS, et al.
Moderate-to-high intensity physical exercise in
patients with Alzheimer’s disease: a randomized
controlled trial. J Alzheimers Dis. 2016;50(2):443-
453. doi:10.3233/JAD-150817

78. Holthoff VA, Marschner K, Scharf M, et al.
Effects of physical activity training in patients with
Alzheimer’s dementia: results of a pilot RCT study.
PLoS One. 2015;10(4):e0121478. doi:10.1371/journal.
pone.0121478

79. Pitkälä KH, Pöysti MM, Laakkonen ML, et al.
Effects of the Finnish Alzheimer disease exercise
trial (FINALEX): a randomized controlled trial. JAMA
Intern Med. 2013;173(10):894-901. doi:10.1001/
jamainternmed.2013.359

80. Sink KM, Espeland MA, Castro CM, et al; LIFE
Study Investigators. Effect of a 24-month physical
activity intervention vs health education on
cognitive outcomes in sedentary older adults: the
LIFE randomized trial. JAMA. 2015;314(8):781-790.
doi:10.1001/jama.2015.9617

81. Lamb SE, Sheehan B, Atherton N, et al; DAPA
Trial Investigators. Dementia And Physical Activity
(DAPA) trial of moderate to high intensity exercise
training for people with dementia: randomised
controlled trial. BMJ. 2018;361:k1675. doi:10.1136/
bmj.k1675

82. McCurry SM, Gibbons LE, Logsdon RG, Vitiello
MV, Teri L. Nighttime insomnia treatment and
education for Alzheimer’s disease: a randomized,
controlled trial. J Am Geriatr Soc. 2005;53(5):793-
802. doi:10.1111/j.1532-5415.2005.53252.x

83. Martínez-Lapiscina EH, Clavero P, Toledo E,
et al. Mediterranean diet improves cognition: the
PREDIMED-NAVARRA randomised trial. J Neurol
Neurosurg Psychiatry. 2013;84(12):1318-1325. doi:
10.1136/jnnp-2012-304792

84. Liu JY, Lai CK. Implementation of observational
pain management protocol for residents with
dementia: a cluster-RCT. J Am Geriatr Soc. 2017;65
(3):e56-e63. doi:10.1111/jgs.14763

85. Han JW, Lee H, Hong JW, et al. Multimodal
cognitive enhancement therapy for patients with
mild cognitive impairment and mild dementia:
a multi-center, randomized, controlled,
double-blind, crossover trial. J Alzheimers Dis. 2017;
55(2):787-796. doi:10.3233/JAD-160619

86. Ngandu T, Lehtisalo J, Solomon A, et al. A 2
year multidomain intervention of diet, exercise,
cognitive training, and vascular risk monitoring
versus control to prevent cognitive decline in at-risk
elderly people (FINGER): a randomised controlled
trial. Lancet. 2015;385(9984):2255-2263. doi:10.
1016/S0140-6736(15)60461-5

87. McCabe MP, Bird M, Davison TE, et al. An RCT
to evaluate the utility of a clinical protocol for staff
in the management of behavioral and psychological
symptoms of dementia in residential aged-care
settings. Aging Ment Health. 2015;19(9):799-807.
doi:10.1080/13607863.2014.967659

88. Rokstad AMM, Engedal K, Kirkevold Ø, Benth
JŠ, Selbæk G. The impact of attending day care
designed for home-dwelling people with dementia

on nursing home admission: a 24-month controlled
study. BMC Health Serv Res. 2018;18(1):864. doi:
10.1186/s12913-018-3686-5

89. Thyrian JR, Hertel J, Wucherer D, et al.
Effectiveness and safety of dementia care
management in primary care: a randomized clinical
trial. JAMA Psychiatry. 2017;74(10):996-1004. doi:
10.1001/jamapsychiatry.2017.2124

90. Laakkonen ML, Kautiainen H, Hölttä E, et al.
Effects of self-management groups for people with
dementia and their spouses—randomized
controlled trial. J Am Geriatr Soc. 2016;64(4):752-
760. doi:10.1111/jgs.14055

91. American Medical Association, American
Academy of Neurology (AAN) Institute and
American Psychiatric Association. Dementia
management: quality measurement set update.
AAN website. https://www.aan.com/siteassets/
home-page/policy-and-guidelines/quality/quality-
measures/15dmmeasureset_pg.pdf. Published
2016. Accessed August 30, 2019.

92. Widera E, Steenpass V, Marson D, Sudore R.
Finances in the older patient with cognitive
impairment: “He didn’t want me to take over”. JAMA.
2011;305(7):698-706. doi:10.1001/jama.2011.164

93. Silwanowicz RM, Maust DT, Seyfried LS, Chiang
C, Stano C, Kales HC. Management of older adults
with dementia who present to emergency services
with neuropsychiatric symptoms. Int J Geriatr
Psychiatry. 2017;32(12):1233-1240. doi:10.1002/gps.
4599

94. Gitlin LN, Kales HC, Lyketsos CG.
Nonpharmacologic management of behavioral
symptoms in dementia. JAMA. 2012;308(19):2020-
2029. doi:10.1001/jama.2012.36918

95. Kales HC, Gitlin LN, Lyketsos CG. Assessment
and management of behavioral and psychological
symptoms of dementia. BMJ. 2015;350:h369. doi:
10.1136/bmj.h369

96. Adelman RD, Tmanova LL, Delgado D, Dion S,
Lachs MS. Caregiver burden: a clinical review. JAMA.
2014;311(10):1052-1060. doi:10.1001/jama.2014.304

97. Chodosh J, Colaiaco BA, Connor KI, et al.
Dementia care management in an underserved
community: the comparative effectiveness of two
different approaches. J Aging Health. 2015;27(5):
864-893. doi:10.1177/0898264315569454

98. Birks J. Cholinesterase inhibitors for
Alzheimer’s disease. Cochrane Database Syst Rev.
2006;(1):CD005593.

99. Campbell NL, Perkins AJ, Gao S, et al.
Adherence and tolerability of Alzheimer’s disease
medications: a pragmatic randomized trial. J Am
Geriatr Soc. 2017;65(7):1497-1504. doi:10.1111/jgs.
14827

100. Birks JS, Harvey RJ. Donepezil for dementia
due to Alzheimer’s disease. Cochrane Database Syst
Rev. 2018;6:CD001190.

101. Lin JS, O’Connor E, Rossom RC, Perdue LA,
Eckstrom E. Screening for cognitive impairment in
older adults: a systematic review for the U.S.
Preventive Services Task Force [published
correction appears in Ann Intern Med.

2014;160(1):72]. Ann Intern Med. 2013;159(9):601-
612.

102. US Department of Health and Human Services
(HHS). Examining Models of Dementia Care: Final
Report. HHS website. https://aspe.hhs.gov/system/
files/pdf/257216/ExamDCMod.pdf. Published
September 2016. Accessed March 20, 2018.

103. Epperly T, Dunay MA, Boice JL. Alzheimer
disease: pharmacologic and nonpharmacologic
therapies for cognitive and functional symptoms.
Am Fam Physician. 2017;95(12):771-778.

104. Molony SL, Kolanowski A, Van Haitsma K,
Rooney KE. Person-centered assessment and care
planning. Gerontologist. 2018;58(suppl_1):S32-S47.
doi:10.1093/geront/gnx173

105. Langa KM, Levine DA. The diagnosis and
management of mild cognitive impairment:
a clinical review. JAMA. 2014;312(23):2551-2561.
doi:10.1001/jama.2014.13806

106. Doody RS, Ferris SH, Salloway S, et al.
Donepezil treatment of patients with MCI:
a 48-week randomized, placebo-controlled trial.
Neurology. 2009;72(18):1555-1561. doi:10.1212/01.
wnl.0000344650.95823.03

107. Sadhu A, Upadhyay P, Agrawal A, et al.
Management of cognitive determinants in
senile dementia of Alzheimer’s type: therapeutic
potential of a novel polyherbal drug product. Clin
Drug Investig. 2014;34(12):857-869. doi:10.1007/
s40261-014-0235-9

108. Cummings J, Lee G, Mortsdorf T, Ritter A,
Zhong K. Alzheimer’s disease drug development
pipeline: 2017. Alzheimers Dement (N Y). 2017;3(3):
367-384.

109. Gu Q, Dillon CF, Burt VL. Prescription Drug Use
Continues to Increase: U.S. Prescription Drug Data
for 2007-2008. Hyattsville, MD: National Center for
Health Statistics; 2010. NCHS Data Brief 42.

110. Steinman MA, Hanlon JT. Managing
medications in clinically complex elders: “There’s
got to be a happy medium”. JAMA. 2010;304(14):
1592-1601. doi:10.1001/jama.2010.1482

111. Williamson JD, Pajewski NM, Auchus AP, et al;
SPRINT MIND Investigators for the SPRINT
Research Group. Effect of intensive vs standard
blood pressure control on probable dementia:
a randomized clinical trial. JAMA. 2019;321(6):553-
561. doi:10.1001/jama.2018.21442

112. Vik-Mo AO, Giil LM, Ballard C, Aarsland D.
Course of neuropsychiatric symptoms in dementia:
5-year longitudinal study. Int J Geriatr Psychiatry.
2018;33(10):1361-1369. doi:10.1002/gps.4933

113. Yohanna D, Cifu AS. Antipsychotics to treat
agitation or psychosis in patients with dementia.
JAMA. 2017;318(11):1057-1058. doi:10.1001/jama.
2017.11112

114. American Geriatrics Society 2015 Beers Criteria
Update Expert Panel. American Geriatrics Society
2015 updated Beers criteria for potentially
inappropriate medication use in older adults. J Am
Geriatr Soc. 2015;63(11):2227-2246. doi:10.1111/jgs.
13702

Diagnosis and Management of Dementia Review Clinical Review & Education

jama.com (Reprinted) JAMA October 22/29, 2019 Volume 322, Number 16 1599

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Northwestern University User  on 10/22/2019

https://dx.doi.org/10.3233/JAD-150817
https://dx.doi.org/10.1371/journal.pone.0121478
https://dx.doi.org/10.1371/journal.pone.0121478
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2013.359?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2013.359?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2015.9617?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1136/bmj.k1675
https://dx.doi.org/10.1136/bmj.k1675
https://dx.doi.org/10.1111/j.1532-5415.2005.53252.x
https://dx.doi.org/10.1136/jnnp-2012-304792
https://dx.doi.org/10.1111/jgs.14763
https://dx.doi.org/10.3233/JAD-160619
https://dx.doi.org/10.1016/S0140-6736(15)60461-5
https://dx.doi.org/10.1016/S0140-6736(15)60461-5
https://dx.doi.org/10.1080/13607863.2014.967659
https://dx.doi.org/10.1186/s12913-018-3686-5
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2017.2124?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1111/jgs.14055
https://www.aan.com/siteassets/home-page/policy-and-guidelines/quality/quality-measures/15dmmeasureset_pg.pdf
https://www.aan.com/siteassets/home-page/policy-and-guidelines/quality/quality-measures/15dmmeasureset_pg.pdf
https://www.aan.com/siteassets/home-page/policy-and-guidelines/quality/quality-measures/15dmmeasureset_pg.pdf
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.164?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1002/gps.4599
https://dx.doi.org/10.1002/gps.4599
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2012.36918?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1136/bmj.h369
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2014.304?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1177/0898264315569454
https://www.ncbi.nlm.nih.gov/pubmed/16437532
https://www.ncbi.nlm.nih.gov/pubmed/16437532
https://dx.doi.org/10.1111/jgs.14827
https://dx.doi.org/10.1111/jgs.14827
https://www.ncbi.nlm.nih.gov/pubmed/29923184
https://www.ncbi.nlm.nih.gov/pubmed/29923184
https://www.ncbi.nlm.nih.gov/pubmed/24145578
https://www.ncbi.nlm.nih.gov/pubmed/24145578
https://aspe.hhs.gov/system/files/pdf/257216/ExamDCMod.pdf
https://aspe.hhs.gov/system/files/pdf/257216/ExamDCMod.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28671413
https://dx.doi.org/10.1093/geront/gnx173
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2014.13806?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1212/01.wnl.0000344650.95823.03
https://dx.doi.org/10.1212/01.wnl.0000344650.95823.03
https://dx.doi.org/10.1007/s40261-014-0235-9
https://dx.doi.org/10.1007/s40261-014-0235-9
https://www.ncbi.nlm.nih.gov/pubmed/29067343
https://www.ncbi.nlm.nih.gov/pubmed/29067343
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2010.1482?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.21442?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1002/gps.4933
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.11112?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.11112?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782
https://dx.doi.org/10.1111/jgs.13702
https://dx.doi.org/10.1111/jgs.13702
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.4782

