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REVIEW Open Access

Communicating mild cognitive impairment
diagnoses with and without amyloid
imaging
Joshua D. Grill1,2,13*, Liana G. Apostolova4,7, Szofia Bullain1,3, Jeffrey M. Burns5, Chelsea G. Cox1, Malcolm Dick1,
Dean Hartley6, Claudia Kawas1,3, Sarah Kremen7, Jennifer Lingler8, Oscar L. Lopez8, Mark Mapstone1,3,
Aimee Pierce1,3, Gil Rabinovici9, J. Scott Roberts10, Seyed Ahmad Sajjadi1,3, Edmond Teng7,12

and Jason Karlawish11

Abstract

Background: Mild cognitive impairment (MCI) has an uncertain etiology and prognosis and may be challenging
for clinicians to discuss with patients and families. Amyloid imaging may aid specialists in determining MCI etiology
and prognosis, but creates novel challenges related to disease labeling.

Methods: We convened a workgroup to formulate recommendations for clinicians providing care to MCI patients.

Results: Clinicians should use the MCI diagnosis to validate patient and family concerns and educate them that the
patient’s cognitive impairment is not normal for his or her age and education level. The MCI diagnosis should not be
used to avoid delivering a diagnosis of dementia. For patients who meet Appropriate Use Criteria after standard-of-care
clinical workup, amyloid imaging may position specialists to offer more information about etiology and prognosis.
Clinicians must set appropriate expectations, including ensuring that patients and families understand the limitations of
amyloid imaging. Communication of negative results should include that patients remain at elevated risk for dementia
and that negative scans do not indicate a specific diagnosis or signify brain health. Positive amyloid imaging results
should elicit further monitoring and conversations about appropriate advance planning. Clinicians should offer written
summaries, including referral to appropriate social services.

Conclusions: In patients with MCI, there is a need to devote considerable time and attention to patient education and
shared decision-making. Amyloid imaging may be a tool to aid clinicians. Careful management of patient expectations
and communication of scan results will be critical to the appropriate use of amyloid imaging information.

Keywords: Mild cognitive impairment, Diagnosis, Disclosure, Prognosis, Amyloid imaging

Background
Mild cognitive impairment (MCI) is defined as lower
cognitive performance than expected for a person’s age
and education that elicits complaint, does not affect ac-
tivities of daily living, and does not meet criteria for de-
mentia [1]. Professional organizations and expert
workgroups have developed diagnostic criteria for MCI

[2–4] and the construct is included in the 10th revision
of the International Statistical Classification of Diseases
and Related Health Problems (G31.84) and the fifth edi-
tion of the Diagnostic and Statistical Manual of Mental
Disorders (as mild neurocognitive disorder).
Primary care physicians and dementia specialists use

the MCI diagnosis to help patients and families under-
stand patient symptoms, motivate planning, and spur
risk-reducing behaviors. Yet the construct remains con-
troversial. One source of this controversy is the value of
the label [5, 6]. Persons with MCI progress to dementia
at a rate of 12–16% per year [7]. Long-term studies,
however, show that a significant proportion of MCI
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patients do not progress to dementia and a subset may
revert to normal cognition [8, 9]. These data foster criti-
cism of the MCI diagnosis as enmeshed with ambiguity
and uncertainty and therefore a cause of unnecessary
worry [6]. Clinicians may in turn be challenged by how
to discuss MCI with their patients.
The US Food and Drug Administration’s recent ap-

proval of three amyloid-specific positron emission tom-
ography (PET) ligands [10–12] may affect these
controversies and challenges. Amyloid PET imaging pro-
vides clinicians with additional information about the
cause of a patient’s MCI. A positive amyloid PET result
is highly predictive of the presence of fibrillar amyloid-
beta pathology, a hallmark of Alzheimer’s disease (AD)
[13]. Among those with MCI, elevated amyloid conveys
increased risk for progression to dementia [14, 15]. Risk
is highest if evidence of both amyloidosis and neurode-
generation are present [16, 17]. Although most MCI
patients with elevated amyloid also demonstrate markers
of neurodegeneration [18], the risk for progression to
dementia in those with elevated amyloid who do not
demonstrate neurodegeneration may be no greater than
the risk in MCI patients with evidence of neurodegener-
ation alone [16–18]. Positive amyloid PET can also occur
in other brain diseases that involve fibrillar amyloid
deposition, such as dementia with Lewy bodies or cere-
bral amyloid angiopathy [19], while a portion of persons
labeled with AD dementia lack elevated amyloid [20].
Elevated amyloid is also present in approximately 25% of
cognitively normal older individuals, with higher prevalence
found with increasing age and in carriers of the apolipopro-
tein E ε4 allele [21]. Therefore, positive amyloid PET is not
equivalent to AD diagnosis and the meaning of amyloid
PET results in a person with MCI must be interpreted in
the context of a patient’s entire clinical assessment,
including medical history, cognitive testing, and structural
neuroimaging.
An essential value of the MCI construct is that it pro-

vides information about prognosis, and the manner in
which the MCI diagnosis is delivered could substantially
alter the clinical interaction [22]. Amyloid imaging pro-
vides the ability to label a person with a pathology seen
in AD dementia, a disease that is the cause of substantial
social, cultural, and ethical anxieties and concerns. We
conducted a workgroup meeting to identify recommen-
dations and best practices for delivering the MCI diag-
nosis, with and without the availability of amyloid
imaging information, and to outline areas in need of
research related to these topics.

Methods
A workgroup meeting was funded by a “ChangeAGEnts”
grant from the American Federation for Aging Research
and the Hartford Foundation. The funding application

outlined the meeting agenda, participants, and topics for
discussion. The agenda was further developed through
teleconferences among a subset of participants prior to
the in-person meeting.
The in-person meeting was held on February 19, 2016

at the Institute for Memory Impairments and Neuro-
logical Disorders on the campus of the University of
California, Irvine, USA. A list of the meeting attendees
can be found in the Acknowledgements section. The
agenda included presentations on MCI and amyloid im-
aging and discussion of the following topics: the value of
the MCI diagnosis; the role of family members and other
people in making the MCI diagnosis; how to discuss the
MCI diagnosis; and what information should be pro-
vided at the MCI diagnosis.
At the conclusion of the workgroup meeting, one

author (JDG) used the agenda, presented lectures, and
meeting notes to draft a summary of the discussion, the
proposed recommendations, and areas of needed study.
This draft was shared with all authors for revision and
discussion. The final product of this process is repre-
sented in the current manuscript.

Recommendations
The workgroup discussed delivering an MCI diagnosis
in the context of the current state of science and prac-
tice. As disease-modifying therapies become available,
the clinical interaction in MCI and the use of amyloid
PET are certain to change. Unless these therapies effect-
ively prevent the onset of MCI, the importance of how
to communicate an MCI diagnosis with or without bio-
marker information will endure. The term AD has been
used to describe two distinct entities: a clinical syndrome
(e.g., dementia) and a specific pathophysiology (e.g., the
presence of amyloid plaques and neurofibrillary tangles).
Here, we use the pathophysiological definition of AD
but limit the use of this term to patients with demon-
strated cognitive impairment. While it is clear that other
biomarkers can provide information similar to that pro-
vided by amyloid imaging (e.g., cerebrospinal fluid
(CSF)), our group considered amyloid PET specifically,
because this test is one of few Food and Drug
Administration-approved and commercially available
AD biomarkers. Furthermore, the Centers for Medicare
and Medicaid Services are supporting Imaging Dementia
Evidence for Amyloid Scanning, a study that will test the
value of amyloid imaging in clinical practice (http://
www.ideas-study.org/). An Amyloid Imaging Task Force
developed Appropriate Use Criteria that reserve pre-
scribing and disclosing amyloid PET results for dementia
specialists, defined as clinicians who devote at least 25%
of their patient contact time to the evaluation and care
of adults with acquired cognitive impairment or demen-
tia [23, 24]. Yet most MCI patients will not receive
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specialist care. Therefore, any guidance must recognize
the wide range of practitioners who care for MCI
patients. Some of our recommendations are therefore
limited to dementia specialists (e.g., those pertaining to
amyloid imaging), and other recommendations are
applicable to both dementia specialists and general
practitioners who see patients with memory com-
plaints (e.g., those pertaining to general MCI diagnosis).

Recommendation 1 – workup, with standard laboratory
tests, neuropsychological assessment, and structural brain
imaging, is required to arrive at the diagnosis of MCI. The
MCI diagnosis validates patient and family concerns and
facilitates planning. The MCI diagnosis should not be used
to avoid delivering a diagnosis of dementia
Clinicians who see cognitively impaired patients have in-
centives and disincentives to make the MCI diagnosis.
Incentives include ensuring patient safety and assisting
in planning related to the diagnosis (e.g., patients living
alone, the need for support, management of financial
affairs), validating patients’ and families’ concerns, con-
sidering treatment options, and referring patients to
clinical trials and other research studies. Disincentives
include affecting a person’s access to insurance and em-
ployment and other issues related to discrimination and
stigma. Comprehensive neuropsychological assessment
provides clinical detail that is not provided by brief glo-
bal assessments that are typically performed in a physi-
cian’s practice, but is limited by the availability of clinical
neuropsychologists. The time required to properly diag-
nose MCI, including the need for patient and family
education and counseling, may also be a disincentive to
some clinicians.
Given the safety implications for driving and finances

in mild-stage dementia, as well as in some US states the
requirement to report dementia to driving authorities
[25], the MCI diagnosis should not be given to patients
with cognitive impairment that affects activities of daily
living. Similarly, the diagnosis should not be used to
avoid discussing the possibility of underlying neurode-
generative disease, if the clinical workup supports such
an etiology.

Recommendation 2 – patients should have an informant
present to assist in the diagnostic process. The
preference of MCI patients who decline bringing an
informant should be respected, but they should
understand that this preference limits the information
needed for the diagnostic process and patient care
Having an informant present for diagnostic assessment
and disclosure of an MCI diagnosis is optimal. Family
members provide valuable collateral information, espe-
cially about whether a patient’s cognitive performance is
causing functional impairment. Family members also

provide social and emotional support and can ensure
that clinical recommendations are followed. Our
group agreed that clinicians should strongly recom-
mend that patients involve others in the process, but
we recognized that some patients prioritize privacy
and confidentiality and prefer to be evaluated alone.
We concluded that after a discussion of the benefits
of including family, the patient’s personal preferences
must take precedence. Including family members may
also create challenges. They may disagree over deci-
sions about the diagnostic workup. Our group felt
that the clinician should encourage consensus, but if
consensus cannot be achieved then the patient’s
wishes should govern these decisions. If the decision
involves amyloid imaging, this requires the clinician
to assess that the patient adequately understands the
role of amyloid imaging in the MCI workup.

Recommendation 3 – clinicians must carefully set
expectations at the start of the workup of patients with
cognitive complaints. This should include the need to rule
out treatable causes of impairment and a determination
of patients’ desire to learn more about the cause of their
memory loss
When initiating a diagnostic workup for cognitive com-
plaints, clinicians need to set expectations. This includes
communicating the need to assess for medically treat-
able causes of impairment and safety. Beyond these
standard elements, the clinician should assess the pa-
tient’s and family’s desire to pursue additional etiologic
testing, recognizing that it is a highly individualized de-
cision and that both MCI and AD dementia carry
stigma.

Recommendation 4 – the MCI diagnosis should be used
as an opportunity to help patients validate and
understand their condition. MCI should be described as
cognitive performance that is below that expected for
patients’ age and education
The diagnosis of MCI is an opportunity for the clin-
ician to validate the subjective complaints that
brought the patient to the clinic. If the assessment re-
veals cognitive impairment, the clinician should com-
municate that the patient’s performance is abnormal
relative to expectations for their age and education.
Validation of the patient’s complaints (“My assessment
confirms that you do have memory performance
below what we expect for someone your age”) and re-
assurance are important to communicate to the
patient.
The delivery of MCI diagnosis requires careful, honest,

and compassionate dialog. Table 1 outlines example lan-
guage that might be used to deliver the MCI diagnosis.
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Recommendation 5 – clinicians should consider reviewing
patients’ performance on tests of specific cognitive domains
when delivering the MCI diagnosis. This review should
include cognitive domains that demonstrate impaired
performance (and support the diagnosis of MCI) and the
domains that demonstrate unimpaired performance
Our group concluded that a patient’s understanding of
their cognitive complaints could be facilitated by review-
ing their cognitive testing results, including the specific
cognitive domains in which test results are “below what
we expect for a person’s age and education” and the do-
mains in which test results are within normal ranges or
above average. Not all patients will be interested in this
information, but those who are may benefit from such
discussions.
A review of cognitive domains is facilitated by referral

to a clinical neuropsychologist. Impairment in multiple
cognitive domains including memory is associated with
increased risk for progression to dementia, compared
with single domain amnestic or multiple domain non-
amnestic presentations. Moreover, greater severity of im-
pairment is associated with greater risk for progression
to dementia [26].
If appropriate, reviewing structural neuroimaging re-

sults may also be helpful for patients and families.

Recommendation 6 – patients should be provided with a
written summary of the diagnosis and treatment
recommendations that includes referral to appropriate
supportive services and other local resources
Written [27] and pictographic [28] information can
facilitate learning and understanding. Although our
group stopped short of recommending pictorial

information to illustrate the risk of dementia among
MCI patients, all acknowledged that it could facilitate
the clinical interaction. Advocacy organizations, such
as the Alzheimer’s Association, could develop infor-
mational pamphlets and other materials in partner-
ship with experts, which could be disseminated and
used by clinicians providing care to patients with cog-
nitive impairment. Written information about the
diagnosis, including referrals to supportive services, is
essential.

Recommendation 7 – MCI patients who are appropriate
for amyloid imaging should be offered the opportunity to
discuss having the scan, the possible results, and the
implications for prognosis, well-being, and management
Patient and family responses to receiving the MCI diag-
nosis range from relief related to not receiving an AD
diagnosis to distress about the risk of dementia [29]. The
ambiguity and uncertainty of the diagnosis [30] cause
many patients to desire more information about their
condition, such as how it differs from “normal” aging
and how it differs from dementia [31]. Amyloid im-
aging may allow a physician to give the patient add-
itional information about potential causes of their
MCI, improve prognostic information, and reduce the
ambiguity and uncertainty associated with the diagno-
sis [29, 30, 32–34]. Although some patients may want
this information, others may express a desire “not to
know” [35]. Discussion is necessary to help patients
and families decide whether to have the scan and to
set expectations about how the results will affect clin-
ical management [36].

Table 1 Example language to communicate the MCI diagnosis

Patient description Example language to deliver diagnosis

MCI believed to be caused by AD “Your complaints are concerning and not what we expect for a person your age. Any time someone presents
with these types of memory concerns later in life, I worry that it is the early stages of Alzheimer’s disease.”
“Although we can’t predict outcomes on an individual basis, people with cognitive performance similar to
yours are at increased risk for Alzheimer’s dementia. We’re going to watch you closely and do everything
we can to help your memory performance and lower your risk for future decline.”

MCI believed to be caused by a
non-AD neurodegenerative condition
or uncertain etiology

“I’m concerned that the types of changes in cognitive performance you are experiencing suggest the
possibility of brain disease. There are some things we can discuss to try to help you with these symptoms,
but we may need to run some more tests to try to determine what is causing these changes if that is
something you wish to pursue.”

MCI with positive amyloid PET “Your scan results suggest that amyloid levels in your brain are elevated. Combined with the other tests
we’ve done, it leads me to conclude that Alzheimer’s disease is the most likely cause of your cognitive
changes, although other less likely causes remain a possibility. Although I can’t be absolutely certain and
we don’t have the individual estimates for timing, people with results like yours are at increased risk for
developing dementia over the next few years. Given all of this, I think we need to talk about making an
overall plan to manage your condition.”

MCI with negative amyloid PET “Your scan results did not indicate that there is a significant amyloid burden at this time. This suggests that
Alzheimer’s disease pathology is not currently present in your brain and your risk for getting dementia is
lower than had the scan found amyloid build up. The scan results could change in the future but this could
also mean that another brain disorder may be causing your cognitive changes. We still need to try to figure
out why you are having these symptoms. We will do that together.”

AD Alzheimer’s disease, MCI mild cognitive impairment, PET positron emission tomography
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Recommendation 8 – if an amyloid scan is considered
useful by both the clinician and the patient, clinicians
should carefully set patients’ and families’ expectations
before ordering amyloid imaging. This includes education
about the possible scan results, implications, limitations,
and cost. Amyloid scans should be described as a test to
aid the clinician in creating a more complete
understanding of the cause of patients’ MCI
A clinician must carefully set patients’ and families’ expec-
tations before ordering amyloid imaging. This should in-
clude the possible results of the scan and their
implications, including that information related to only
one of the two pathologies needed for the diagnosis of AD
will be known. Clinicians must explain that the scan alone
will not provide a diagnosis of AD, and it will not provide
information regarding the amount of amyloid. The clin-
ician should also explain that the scan does not provide
information about disease progression. Patients and fam-
ilies should be encouraged to envision how they would
think and feel in the event of positive and negative scan
results. This dialog will assist the patient and family, as
well as the clinician, to decide whether to undergo the
scan. A publication generated by amyloid imaging experts
and the Alzheimer’s Association may provide a useful tool
to facilitate setting patient and family expectations [37].
Because at the present time amyloid scans are reimbursed
only in specific research contexts, providers should also
discuss with patients and families the cost of the scan.

Recommendation 9 – the delivery of amyloid imaging
results should occur at an in-person encounter and
should be described using terminology related to the
presence or absence of amyloid
Food and Drug Administration-approved indications for the
available amyloid PET ligands incorporate dichotomous (posi-
tive versus negative) results. Different terms such as “elevated”
versus “not elevated” and amyloid “build up” versus “no sig-
nificant build up” have been used in the research setting to
avoid confusion, given that a “positive” scan has negative im-
plications for health (Table 1) [38, 39]. While this variable and
changing language may introduce additional questions and
the desire for quantitation of amyloid burden “severity,” our
group concluded that insufficient evidence is available to sup-
port providing patients with standardized uptake value ratios
or other quantitative estimates, and that doing so could in-
appropriately suggest a link to disease severity.

Recommendation 10 – communication of negative scan
results should include that patients with MCI and a
negative scan remain at risk for dementia and that
negative scans, while informative, do not indicate a specific
diagnosis or unambiguously signify the absence of disease
Negative results reduce the likelihood of AD as the
cause of MCI, as well as the probability of progression

to dementia at 2 and 5 years [40, 41]. A negative scan,
however, does not absolutely rule out that the patient
will progress to clinical AD dementia; neither does it
mean that the patient will not progress to dementia
caused by another neurodegenerative disease [15].

Recommendation 11 – positive amyloid PET scan results
in patients with MCI are associated with increased risk for
developing AD dementia. It is important to discuss the
risk for cognitive and functional decline and the need for
additional monitoring and planning in these patients
Positive scans are associated with increased risk for pro-
gression to AD dementia [41]. Longer follow-up appears
to improve the value of positive amyloid PET for pre-
dicting decline or conversion to dementia [17, 18, 41].
Amyloid PET alone cannot predict the trajectory of an
individual patient’s cognitive decline or the time to pro-
gression to any specific outcome. Additional clinical in-
formation, such as volumetric brain imaging and
detailed cognitive testing, may further assist the clinician
in assessing overall prognosis. Patients with positive
amyloid scans and evidence of neurodegeneration may
be at greatest risk for near-term decline [16]. Regardless
of the clinical presentation, including amyloid PET re-
sults, uncertainty will remain in assessing prognosis.

Recommendation 12 – clinicians who are trained to read
amyloid scans and to describe the results to patients
might consider reviewing images with patients and
families
Understanding neuroimaging results can be challenging
for patients and families, and preliminary data suggest
that showing patients their amyloid scans and compar-
ing them with a scan with the opposite result may facili-
tate the clinical interaction [34]. Clinicians may consider
offering to review these images with patients and their
families, but only if they are skilled in reading and
explaining the scans and answering questions about the
images.

Areas of need
Our group agreed that there remain several areas in
need of further evaluation or research related to the dis-
closure of MCI diagnosis.
A group composed of dementia experts, with a pre-

ponderance of clinical neurologists, formulated these
recommendations. Other specialists or general practi-
tioners might arrive at alternative recommendations.
Additional meetings could identify these differences and
aid in the development of more universal recommenda-
tions for communicating an MCI diagnosis. Similarly,
we did not include MCI patients or family members in
our meeting and their perspectives will be critical to op-
timizing recommendations.
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These recommendations are based on a clinical inter-
action in which the clinician has the opportunity to pro-
vide adequate education and counseling. They may be
less practical for busy general practitioners for whom
limited time is available but the MCI diagnosis remains
frequent and important.
More work is needed on the topic of returning quanti-

tative amyloid PET results to patients. Image quantifica-
tion is not currently part of clinical practice and is
performed primarily in the research arena. Patients may
wish to learn their quantitative results and clinicians
must be prepared for this discussion. Evidence is lacking
to instruct the implications of greater versus lesser amyl-
oid burden. In contrast, more severe cognitive impair-
ment is related to greater risk for progression to
dementia [26] and preliminary studies suggest that cog-
nitive measures are as predictive of progression to de-
mentia as are biomarkers [42, 43]. Whether and how
cognitive impairment severity and amyloid burden sever-
ity may relate to instruct prognostication is unknown.
Amyloid imaging results strongly correlate with amyloid
levels in CSF [44], and these recommendations may
largely apply to disclosing results of that biomarker test.
CSF, however, provides additional information that may
facilitate adjustment of these recommendations [45].
Furthermore, the inclusion of other biomarkers such as
regional glucose metabolism, brain volume, or informa-
tion on tau pathology will increase the information for
clinicians to use in assessing prognosis. Ultimately, risk
curves that incorporate amyloid imaging outcomes, cog-
nitive scores, and other relevant clinical and biomarker
information may optimize discussion of prognosis. These
remain areas of active study.
Finally, these recommendations can and should be

tested to show their short-term and long-term effective-
ness of increasing patient understanding, affecting health
behaviors, and improving the clinical interaction.

Conclusions
MCI is a common diagnosis that raises important
safety issues, is associated with uncertainty about eti-
ology and prognosis, and can result in anxiety for pa-
tients and families. The inappropriate or inadequate
delivery of the MCI diagnosis could carry substantial
risks for patients and families. Language selected to
deliver this diagnosis is key to optimizing the clinical
encounter and ensuring patient understanding, health
behavior outcomes, and patient safety. Amyloid PET
imaging adds to the information available to clinicians
caring for MCI patients and may enable more
confident discussion of disease etiology, treatment,
and potential clinical trajectories [46–51].
There is a need to devote considerable time and atten-

tion to ensuring patient desires and understanding,

especially before engaging in diagnostic testing to eluci-
date disease etiology. In patients who seek information,
amyloid imaging can be a valuable tool to assess disease
pathology and to aid the clinician in counseling and
treatment recommendations. Careful setting of expecta-
tions and delivery of scan results will be critical to the
appropriate use of amyloid imaging information that
enhances the clinical interaction.

Abbreviations
AD: Alzheimer’s disease; MCI: Mild cognitive impairment; PET: Positron
emission tomography

Acknowledgements
The workgroup meeting included the following participants: Liana G.
Apostolova, MD, MS, University of Indiana; Szofia Bullain, MD, University of
California (UC) Irvine; Jeffrey Burns, MD, University of Kansas; Chelsea G. Cox,
MPH, MSW, UC Irvine; Dean Hartley, PhD, Alzheimer’s Association; Malcolm
Dick, PhD, UC Irvine; Joshua D. Grill, PhD, UC Irvine; Jason Karlawish, MD,
University of Pennsylvania; Claudia Kawas, MD, UC Irvine; Sarah Kremen, MD,
University of California, Los Angeles (UCLA); Jennifer Lingler, PhD, CRNP,
University of Pittsburgh; Oscar Lopez, MD, University of Pittsburgh; Nancy
Lundebjerg, MPA (observer), American Geriatrics Society; Mark Mapstone,
PhD, UC Irvine; Aimee Pierce, MD, UC Irvine; Gil Rabinovici, MD, UC San
Francisco; J. Scott Roberts, PhD, University of Michigan; Seyed Ahmad Sajjadi,
MD, UC Irvine; and Edmond Teng, MD, PhD, UCLA.

Funding
This work was funded by a “Beeson ChangeAGEnts” grant (JDG, LGA, JK),
available to previous recipients of the Paul B. Beeson Emerging Leaders
Career Development Award in Aging and funded by the American
Federation for Aging Research and the Hartford Foundation. The sponsor
had no role in the design of the meeting or the generation of the
summary manuscript. JDG is supported by NIA AG016573 and UL1
TR000153. JL and OLL are supported by AG05133. JSR is supported by
NIH grant P30 AG053760. SK and ET are supported by the Sidell-Kagan
Foundation.

Availability of data and materials
Not applicable.

Authors’ contributions
JDG, LGA, and JK secured the funding. JDG drafted the manuscript. JDG,
LGA, SB, JMB, CGC, DH, MD, CK, SK, JL, OLL, MM, AP, GR, JSR, SAS, ET,
and JK participated in the meeting, edited the manuscript for content,
and approved the final draft.

Competing interests
JDG has served as an investigator on studies sponsored by Eli Lilly &
Company, Biogen Idec, and the Alzheimer’s Disease Cooperative Study.
LGA serves on the Speaker Bureau for Piramal, Inc. and Eli Lilly; is an Advisory
Board Member for Eli Lilly; and has received research funding from General
Electric Healthcare. JMB receives or has received research support in the last
2 years for clinical trials from Lilly, Avid Radiopharmaceuticals, Toyama
Chemical Company, Merck, and Biogen. SK receives research support from
Biogen Idec and Eli Lilly & Company; and receives royalties from UpToDate.
JL has provided consultation to Eli Lilly & Company; received research
support from Avid Radiopharmaceuticals; and her work on this project has
been supported in part by NIH grants P50 AG05133 (Principal Investigator:
OLL) and R01 AG046906-01 (Principal Investigator: JI). OLL has served as
consultant for Baxter, Lilly, Grifols, and Lundbeck. MM is listed as an
inventor of intellectual property owned by the University of Rochester
and Georgetown University related to blood biomarkers of preclinical
AD. AP has served as a consultant to Lundbeck. GR has received
research support from Avid Radiopharmaceuticals, GE Healthcare, and
Piramal Imaging; and consulting or speaking honoraria from Eisai, GE
Healthcare, Medscape, Piramal Imaging, Putnam, and Lundbeck. ET owns
stock in General Electric and Cerner Corp; and receives research support from
Eli Lilly & Co, Merck, Biogen, Roche, and the Alzheimer’s Therapeutic Research

Grill et al. Alzheimer's Research & Therapy  (2017) 9:35 Page 6 of 8



Institute. JK is a co-holder of a license of an Integrated NeuroDegenerative
Disease Database developed at the University of Pennsylvania; and receives
royalties for “Do We Have a Pill for That: Treating Dementia,” Johns Hopkins
University Press. The remaining authors declare that they have no competing
interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Institute for Memory Impairments and Neurological Disorders, University of
California, Irvine, CA, USA. 2Department of Psychiatry and Human Behavior,
University of California, Irvine, CA, USA. 3Department of Neurology, University
of California, Irvine, CA, USA. 4Alzheimer’s Disease Center, Department of
Neurology, Radiology, Medical and Molecular Genetics, University of Indiana,
Indianapolis, IN, USA. 5University of Kansas, Kansas City, KS, USA. 6Alzheimer’s
Association, Chicago, IL, USA. 7Mary S. Easton Center for Alzheimer’s Disease
Research, Department of Neurology, David Geffen School of Medicine at
University of California, Los Angeles, CA, USA. 8University of Pittsburgh,
Pittsburgh, PA, USA. 9University of California, San Francisco, CA, USA.
10University of Michigan School of Public Health, Ann Arbor, MI, USA.
11University of Pennsylvania, Philadelphia, PA, USA. 12Veterans Affairs Greater
Los Angeles Healthcare System, Los Angeles, CA, USA. 13Institute for Memory
Impairments and Neurological Disorders, University of California, 3204
Biological Sciences III, Irvine, CA 92697, USA.

Received: 16 February 2017 Accepted: 6 April 2017

References
1. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild

cognitive impairment: clinical characterization and outcome. Arch Neurol.
1999;56(3):303–8.

2. Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings JL, DeKosky ST.
Practice parameter: early detection of dementia: mild cognitive impairment
(an evidence-based review). Report of the Quality Standards Subcommittee
of the American Academy of Neurology. Neurology. 2001;56(9):1133–42.

3. Portet F, Ousset PJ, Visser PJ, et al. Mild cognitive impairment (MCI) in
medical practice: a critical review of the concept and new diagnostic
procedure. Report of the MCI Working Group of the European Consortium
on Alzheimer’s Disease. J Neurol Neurosurg Psychiatry. 2006;77(6):714–8.

4. 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):270–9.

5. Morris JC, Storandt M, Miller JP, et al. Mild cognitive impairment represents
early-stage Alzheimer disease. Arch Neurol. 2001;58(3):397–405.

6. Roberts JS, Karlawish JH, Uhlmann WR, Petersen RC, Green RC. Mild
cognitive impairment in clinical care: a survey of American Academy of
Neurology members. Neurology. 2010;75(5):425–31.

7. Petersen RC, Roberts RO, Knopman DS, et al. Mild cognitive impairment: ten
years later. Arch Neurol. 2009;66(12):1447–55.

8. Visser PJ, Kester A, Jolles J, Verhey F. Ten-year risk of dementia in subjects
with mild cognitive impairment. Neurology. 2006;67(7):1201–7.

9. Malek-Ahmadi M. Reversion from mild cognitive impairment to normal
cognition: a meta-analysis. Alzheimer Dis Assoc Disord. 2016;30(4):324–330.

10. Clark CM, Schneider JA, Bedell BJ, et al. Use of florbetapir-PET for imaging
beta-amyloid pathology. JAMA. 2011;305(3):275–83.

11. Rowe CC, Ackerman U, Browne W, et al. Imaging of amyloid beta in
Alzheimer’s disease with 18F-BAY94-9172, a novel PET tracer: proof of
mechanism. Lancet Neurol. 2008;7(2):129–35.

12. Wolk DA, Grachev ID, Buckley C, et al. Association between in vivo
fluorine 18-labeled flutemetamol amyloid positron emission tomography

imaging and in vivo cerebral cortical histopathology. Arch Neurol. 2011;
68(11):1398–403.

13. Ikonomovic MD, Abrahamson EE, Price JC, et al. Early AD pathology in
a [C-11]PiB-negative case: a PiB-amyloid imaging, biochemical, and
immunohistochemical study. Acta Neuropathol. 2012;123(3):433–47.

14. Jack Jr CR, 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):3336–48.

15. Villemagne VL, Pike KE, Chetelat G, et al. Longitudinal assessment of
Abeta and cognition in aging and Alzheimer disease. Ann Neurol. 2011;
69(1):181–92.

16. Petersen RC, Aisen P, Boeve BF, et al. Mild cognitive impairment due to
Alzheimer disease in the community. Ann Neurol. 2013;74(2):199–208.

17. Caroli A, Prestia A, Galluzzi S, et al. Mild cognitive impairment with
suspected nonamyloid pathology (SNAP): prediction of progression.
Neurology. 2015;84(5):508–15.

18. Vos SJ, Verhey F, Frolich L, et al. Prevalence and prognosis of
Alzheimer’s disease at the mild cognitive impairment stage. Brain.
2015;138(Pt 5):1327–38.

19. Ossenkoppele R, Jansen WJ, Rabinovici GD, et al. Prevalence of amyloid
PET positivity in dementia syndromes: a meta-analysis. JAMA. 2015;
313(19):1939–49.

20. Landau SM, Horng A, Fero A, Jagust WJ. Alzheimer’s Disease Neuroimaging
I. Amyloid negativity in patients with clinically diagnosed Alzheimer disease
and MCI. Neurology. 2016;86(15):1377–85.

21. Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence of cerebral amyloid
pathology in persons without dementia: a meta-analysis. JAMA. 2015;
313(19):1924–38.

22. Holloway RG, Gramling R, Kelly AG. Estimating and communicating
prognosis in advanced neurologic disease. Neurology. 2013;80(8):764–72.

23. Johnson KA, Minoshima S, Bohnen NI, et al. Appropriate use criteria for
amyloid PET: a report of the Amyloid Imaging Task Force, the Society of
Nuclear Medicine and Molecular Imaging, and the Alzheimer’s Association.
Alzheimers Dement. 2013;9(1):e–1–16.

24. Johnson KA, Minoshima S, Bohnen NI, et al. Update on appropriate use
criteria for amyloid PET imaging: dementia experts, mild cognitive
impairment, and education. Amyloid Imaging Task Force of the Alzheimer’s
Association and Society for Nuclear Medicine and Molecular Imaging.
Alzheimers Dement. 2013;9(4):e106–9.

25. Iverson DJ, Gronseth GS, Reger MA, et al. Practice parameter update:
evaluation and management of driving risk in dementia: report of the
Quality Standards Subcommittee of the American Academy of Neurology.
Neurology. 2010;74(16):1316–24.

26. Knopman DS, Beiser A, Machulda MM, et al. Spectrum of cognition short of
dementia: Framingham Heart Study and Mayo Clinic Study of Aging.
Neurology. 2015;85(19):1712–21.

27. Johnson MW, Mitch WE, Sherwood J, Lopes L, Schmidt A, Hartley H. The
impact of a drug information sheet on the understanding and attitude of
patients about drugs. JAMA. 1986;256(19):2722–4.

28. Flory J, Emanuel E. Interventions to improve research participants’
understanding in informed consent for research: a systematic review. JAMA.
2004;292(13):1593–601.

29. Lingler JH, Nightingale MC, Erlen JA, et al. Making sense of mild cognitive
impairment: a qualitative exploration of the patient’s experience. The
Gerontologist. 2006;46(6):791–800.

30. Beard RL, Neary TM. Making sense of nonsense: experiences of mild
cognitive impairment. Sociol Health Illn. 2013;35(1):130–46.

31. Gomersall T, Astell A, Nygard L, Sixsmith A, Mihailidis A, Hwang A. Living
with ambiguity: a metasynthesis of qualitative research on mild cognitive
impairment. The Gerontologist. 2015;55(5):892–912.

32. Garand L, Lingler JH, Conner KO, Dew MA. Diagnostic labels, stigma, and
participation in research related to dementia and mild cognitive
impairment. Res Gerontol Nurs. 2009;2(2):112–21.

33. Lawrence V, Pickett J, Ballard C, Murray J. Patient and carer views on
participating in clinical trials for prodromal Alzheimer’s disease and mild
cognitive impairment. Int J Geriatr Psychiatry. 2014;29(1):22–31.

34. Grill JD, Cox CG, Kremen S, et al. Patient and caregiver reactions to clinical
amyloid imaging. Alzheimers Dement. 2017. [Epub ahead of print].

35. Pierce S, Lamers C, Salisbury K. Knowingly not wanting to know: discourses
of people diagnosed with mild cognitive impairment. Dementia (London).
2015;15(5):1246–59.

Grill et al. Alzheimer's Research & Therapy  (2017) 9:35 Page 7 of 8



36. Witte MM, Foster NL, Fleisher A, et al. Clinical use of amyloid-positron
emission tomography neuroimaging: practical and bioethical
considerations. Alzheimers Dement. 2015;1:10.

37. Rabinovici GD, Karlawish J, Knopman D, Snyder HM, Sperling R, Carrillo MC.
Testing and disclosures related to amyloid imaging and Alzheimer’s disease:
common questions and fact sheet summary. Alzheimers Dement. 2016;
12(4):510–5.

38. Harkins K, Sankar P, Sperling R, et al. Development of a process to disclose
amyloid imaging results to cognitively normal older adult research
participants. Alzheimers Res Ther. 2015;7(1):26.

39. Lingler JH, Butters MA, Gentry AL, et al. Development of a standardized
approach to disclosing amyloid imaging research results in mild cognitive
impairment. J Alzheimers Dis. 2016;52(1):8.

40. Grimmer T, Wutz C, Drzezga A, et al. The usefulness of amyloid imaging in
predicting the clinical outcome after two years in subjects with mild
cognitive impairment. Curr Alzheimer Res. 2013;10(1):82–5.

41. Ma Y, Zhang S, Li J, et al. Predictive accuracy of amyloid imaging for
progression from mild cognitive impairment to Alzheimer disease with
different lengths of follow-up: a meta-analysis. [Corrected]. Medicine
(Baltimore). 2014;93(27):e150.

42. Gomar JJ, Conejero-Goldberg C, Davies P, Goldberg TE. Alzheimer’s Disease
Neuroimaging I. Extension and refinement of the predictive value of
different classes of markers in ADNI: four-year follow-up data. Alzheimers
Dement. 2014;10(6):704–12.

43. Heister D, Brewer JB, Magda S, Blennow K, McEvoy LK. Predicting MCI
outcome with clinically available MRI and CSF biomarkers. Neurology. 2011;
77(17):1619–28.

44. Fagan AM, Mintun MA, Mach RH, et al. Inverse relation between in vivo
amyloid imaging load and cerebrospinal fluid Abeta42 in humans. Ann
Neurol. 2006;59(3):512–9.

45. Herukka SK, Simonsen AH, Andreasen N, et al. Recommendations for
cerebrospinal fluid Alzheimer’s disease biomarkers in the diagnostic
evaluation of mild cognitive impairment. Alzheimers Dement. 2017;
13(3):285–95.

46. Sanchez-Juan P, Ghosh PM, Hagen J, et al. Practical utility of amyloid and
FDG-PET in an academic dementia center. Neurology. 2014;82(3):230–8.

47. Grundman M, Pontecorvo MJ, Salloway SP, et al. Potential impact of
amyloid imaging on diagnosis and intended management in patients with
progressive cognitive decline. Alzheimer Dis Assoc Disord. 2013;27(1):4–15.

48. Frederiksen KS, Hasselbalch SG, Hejl AM, Law I, Hojgaard L, Waldemar G.
Added diagnostic value of (11)C-PiB-PET in memory clinic patients with
uncertain diagnosis. Dement Geriatr Cogn Dis Extra. 2012;2(1):610–21.

49. Ossenkoppele R, Prins ND, Pijnenburg YA, et al. Impact of molecular
imaging on the diagnostic process in a memory clinic. Alzheimers Dement.
2013;9(4):414–21.

50. Mendez MF, Sabodash V. Clinical amyloid imaging in logopenic progressive
aphasia. Alzheimer Dis Assoc Disord. 2015;29(1):94–6.

51. Apostolova LG, Haider JM, Goukasian N, et al. Critical review of the
Appropriate Use Criteria for amyloid imaging: effect on diagnosis and
patient care. Alzheimers Dement (Amst). 2016;5:15–22.

Grill et al. Alzheimer's Research & Therapy  (2017) 9:35 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Recommendations
	Recommendation 1 – workup, with standard laboratory tests, neuropsychological assessment, and structural brain imaging, is required to arrive at the diagnosis of MCI. The MCI diagnosis validates patient and family concerns and facilitates planning. Th...
	Recommendation 2 – patients should have an informant present to assist in the diagnostic process. The preference of MCI patients who decline bringing an informant should be respected, but they should understand that this preference limits the informat...
	Recommendation 3 – clinicians must carefully set expectations at the start of the workup of patients with cognitive complaints. This should include the need to rule out treatable causes of impairment and a determination of patients’ desire to learn mo...
	Recommendation 4 – the MCI diagnosis should be used as an opportunity to help patients validate and understand their condition. MCI should be described as cognitive performance that is below that expected for patients’ age and education
	Recommendation 5 – clinicians should consider reviewing patients’ performance on tests of specific cognitive domains when delivering the MCI diagnosis. This review should include cognitive domains that demonstrate impaired performance (and support the...
	Recommendation 6 – patients should be provided with a written summary of the diagnosis and treatment recommendations that includes referral to appropriate supportive services and other local resources
	Recommendation 7 – MCI patients who are appropriate for amyloid imaging should be offered the opportunity to discuss having the scan, the possible results, and the implications for prognosis, well-being, and management
	Recommendation 8 – if an amyloid scan is considered useful by both the clinician and the patient, clinicians should carefully set patients’ and families’ expectations before ordering amyloid imaging. This includes education about the possible scan res...
	Recommendation 9 – the delivery of amyloid imaging results should occur at an in-person encounter and should be described using terminology related to the presence or absence of amyloid
	Recommendation 10 – communication of negative scan results should include that patients with MCI and a negative scan remain at risk for dementia and that negative scans, while informative, do not indicate a specific diagnosis or unambiguously signify ...
	Recommendation 11 – positive amyloid PET scan results in patients with MCI are associated with increased risk for developing AD dementia. It is important to discuss the risk for cognitive and functional decline and the need for additional monitoring a...
	Recommendation 12 – clinicians who are trained to read amyloid scans and to describe the results to patients might consider reviewing images with patients and families

	Areas of need
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References



