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Abstract.
Background: Understanding research participants’ responses to learning Alzheimer’s disease (AD) risk information is
important to inform clinical implementation of precision diagnostics given rapid advances in disease modifying therapies.
Objective: We assessed participants’ perspectives on the meaning of their amyloid positron emission tomography (PET)
imaging results for their health, self-efficacy to understand their results, psychological impact of learning their results,
experience receiving their results from the clinical team, and interest in genetic testing for AD risk.
Methods: We surveyed individuals who were being clinically evaluated for AD and received PET imaging six weeks after the
return of results. We analyzed responses to close-ended survey items by PET result using Fisher’s exact test and qualitatively
coded open-ended responses.
Results: A total of 88 participants completed surveys, most of whom had mild cognitive impairment due to AD (38.6%), AD
(28.4%), or were cognitively unimpaired (21.6%). Participants subjectively understood their results (25.3% strongly agreed,
41.8% agreed), which could help them plan (16.5% strongly agreed, 49.4% agreed). Participants with a negative PET result
(n = 25) reported feelings of relief (Fisher’s exact p < 0.001) and happiness (p < 0.001) more frequently than those with a
positive result. Most participants felt that they were treated respectfully and were comfortable voicing concerns during the
disclosure process. Genetic testing was anticipated to be useful for medical care decisions (48.2%) and to inform family
members about AD risk (42.9%).
Conclusions: Participants had high subjective understanding and self-efficacy around their PET results and did not experience
negative psychological effects. Interest in genetic testing was high.
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INTRODUCTION

Advances in understanding of dementia biomark-
ers have facilitated more precise diagnosis of
Alzheimer’s disease (AD) and related dementias
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(ADRD) [1–8]. Precision diagnostic approaches,
including biomarker identification and genetic test-
ing, can inform an etiologic-specific diagnosis in
individuals with clinical symptoms and can identify
pathologies and risk factors to guide use of the most
effective therapies. Cerebrospinal fluid [7, 8], blood,
and neuroimaging biomarkers for amyloid-� and
phosphorylated tau [1, 6], as well as exome sequenc-
ing, have shown promise for predicting AD/ADRD
risk in research settings [9, 10]. Given the recent avail-
ability of disease-modifying therapies for AD that act
to reduce amyloid-� deposition in the brain [11, 12],
use of positron emission tomography (PET) imaging
to identify excess amyloid-� in individuals with early
AD has become especially clinically relevant [13].

Previous research has examined the impact of
returning positive amyloid PET results to individuals
who were cognitively unimpaired, had subjec-
tive cognitive decline, and had AD on outcomes
such as anxiety, depression, test-related distress,
recall, health behavior changes, decision-making and
motivations or desire for information. Cognitively
unimpaired individuals who enroll in AD research
generally do not experience significant adverse psy-
chological reactions to learning PET results [14–17].
In a recent European multi-center randomized con-
trolled trial of implementing amyloid PET in clinical
practice, return of a positive amyloid PET result
to individuals with subjective memory decline was
associated with larger but not clinically significant
negative psychological impacts compared with a neg-
ative result [18]. Participants with negative results
generally experience relief, while participants with
positive results generally have increased concern
about AD. Intention to change behaviors in response
to results is commonly reported [15, 16, 19].

Better understanding of the impact on research
participants of returning neuroimaging biomarker
results requires insight into how the results were
communicated. Communicating complex informa-
tion about AD risk and diagnosis is challenging,
and patient-centered communication is critical to
meet the needs of patients and families for whom
the results might have psychosocial and prag-
matic implications [20–22]. To address concerns
about communicating AD risk information, there
are ongoing efforts to develop standard communi-
cation approaches for returning precision diagnostic
results, including neuroimaging biomarkers, to fami-
lies [23, 24]. Communication strategies for uncertain
or complex messages, as well as tools for patients’
assessment of the communication experience, have

been empirically evaluated in other clinical contexts
such as oncology [25, 26]. Yet, to date no data exist on
patients’ or participants’ perspectives regarding how
well precision diagnostics AD results were commu-
nicated during the disclosure session.

The goal of this research was to evaluate par-
ticipants’ experiences with amyloid-� PET result
disclosure within the context of a pilot AD neu-
roimaging biomarker study. We administered surveys
six weeks after return of PET results to assess
participants’ understanding of the results returned,
self-efficacy to understand their results, psychologi-
cal impact of results, experience of how results were
communicated, and interest in genetic testing for
AD/ADRD. Our findings can inform the design of
future research studies and clinical implementation
of biologically based approaches to early AD/ADRD
diagnosis and treatment.

METHODS

Participants

We recruited individuals who were undergoing
clinical evaluation and amyloid PET imaging for AD
at the Nantz National Alzheimer Center of Houston
Methodist Hospital between 2020 and 2021. Clinical
services were disrupted by the COVID-19 pandemic
for approximately two weeks during the study period.
English-speaking individuals 50 years of age or older
were included if they were: cognitively normal, had
subjective memory complaints, or met a screening
diagnostic category of pre-symptomatic AD demen-
tia, mild cognitive impairment (MCI) due to AD
dementia, or AD dementia [1]; able to consent to
research or had a legally authorized representative;
and, if cognitively impaired, had a study partner. This
research was approved by the Houston Methodist
Research Institute Institutional Review Board (HMRI
IRB, protocol PRO00025999).

Imaging and return of results

All participants with subjective memory com-
plaints and cognitive impairment were under the
routine care of a neurologist. As part of this study, the
neurologist who cared for each participant explained
the reasons for obtaining PET imaging and implica-
tions of the possible results regarding the diagnosis of
AD or other diseases and arranged for the participant
to have an amyloid PET scan. Amyloid scans were
performed with one of three amyloid PET tracers:
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11C-PiB, 18F-florbetapiir, or 18F-florbetaben. Scans
were considered positive when by visual read there
was increased signal in at least two different cor-
tical regions. Other than imaging, all testing was
performed in a clinical unit in which cognitively
impaired individuals receive care.

At a subsequent clinic visit, the neurologist showed
the participant, and their study partner if applica-
ble, the PET images and explained the test results
and their clinical implications. Specifically, for par-
ticipants with cognitive impairment, the neurologist
explained that a positive PET result indicated that
the participant’s cognitive impairment was caused by
AD. For participants without cognitive impairment,
the neurologist explained that a positive amyloid PET
scan increased the likelihood of becoming cognitively
impaired, particularly in those younger than 80 years
of age. The process of returning results resembled
that of any clinical test, with the neurologist address-
ing any questions and trying to ensure understanding
but not using a formal disclosure protocol. When neu-
rologists were asked questions regarding the amount
of amyloid in the participant’s brain, the neurologist
indicated that based on current scientific knowledge,
the test result was considered either positive (amyloid
present) or negative (amyloid absent), rather than as
a gradient based on the amount of protein present.

Surveys and measures

We surveyed participants approximately six weeks
after they received their results to allow them time
to process what they were told. A study coordinator
contacted each participant via phone to ask them to
complete a survey which would be emailed to them.
The study team then emailed the participant a link
to an online survey administered via REDCap [27]
and, if not completed, up to three email reminders
were sent. The survey was designed to take about
10 minutes to complete. In some cases, participants
received assistance from a study partner to complete
the survey or a study partner entered survey responses
on behalf of the participant. No compensation was
provided for completing the survey. Survey data were
collected between March 2021 and November 2021.

The surveys were designed to evaluate partici-
pants’ experience of receiving PET results in several
domains. We assessed participants’ subjective under-
standing of their PET imaging results using one
item adapted from the Psychological Adaptation to
Genetic Information Scale [28], “How well do you
understand your imaging results?”, with a five-point

response scale of Not at all (=1) to Very well (=5).
We also asked an open-ended question, “What do
you think your imaging results mean for your current
and future health?” We assessed participants’ self-
efficacy to understand how their results affect their
health using five items adapted from Kaphingst et al.
[29].

We assessed the psychological impact of learn-
ing PET results using nine items adapted from the
REVEAL Impact of Genetic Testing in Alzheimer’s
Disease (IGT-AD) Scale [30]. To evaluate partic-
ipants’ experience with the result communication
process, surveys included 14 questions that were
either novel or modified from the Patient Assess-
ment of cancer Communication Experience (PACE)
[31] and other communication evaluation surveys
[32, 33]. Given that genetic test results can be inter-
preted alongside biomarker and clinical information
to inform care and thus may be incorporated into
future research protocols that build upon the current
pilot study, the survey included items about genetic
testing even though it was not part of the clinical
evaluation that participants received. We assessed
participants’ interest in genetic testing for AD risk
using an item adapted from Kaphingst et al. [29]
and how they anticipated that genetic testing for
AD/ADRD might be useful using eight items adapted
from the MedSeq Project [34]. The survey also
included questions about sociodemographic informa-
tion and self-reported general health.

Data analysis

Based on an initial review of responses to the
open-ended question about what imaging results
meant for the participant’s current and future health,
we developed three categories of outlooks: posi-
tive, ambivalent, and negative. Positive was defined
as expressing appreciation for having information
regardless of test results and perceiving the results
as having positive implications for the participant’s
current and future health. It included finding the test
results useful for future health, being hopeful, being
able to enroll in clinical trials, or knowing they are
at low risk for AD. Ambivalent included responses
that had no affect and included describing disease
risk as “not now” or “so far ok,” or wanting to help
others or advance research, as well as having neu-
tral or unclear implications for current and future
health; this included responses about health behaviors
in response to their test results. Negative was defined
as expressing devastation or unhappiness with results
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or their future health outlook, such as the participant
stating that they have an AD diagnosis or a sim-
ilar diagnosis or the disease being fatal. We then
applied these codes to the responses. One author
(JOR) coded all responses in Excel, which a second
author (AL) independently reviewed. Discrepancies
in coding were resolved by consensus. Counts of
categories were calculated to describe frequency of
outlooks.

We calculated descriptive statistics for survey
items that used quantitative response scales. We also
compared the frequency of survey responses in each
category by amyloid PET result (positive versus nega-
tive) as determined by the clinical team using Fisher’s
exact test. We included all available responses to
each survey item, and we did not impute missing
responses. We analyzed data using Stata 17 (College
Station, TX).

RESULTS

Participant characteristics

A total of 145 survey invitations were sent, and
88 participants completed a survey (response rate:
61%). Participants had a mean (SD) age of 71.6 (7.9)
years, and the majority were male (54.5%), married
(86.4%), and White or European American (92.0%).
Responses were entered by participants on their own
(35.2%), by participants with the assistance of a study
partner (18.2%), or by study partners who responded
on the participant’s behalf (45.5%).

Participant imaging results and diagnoses

All participants had amyloid PET imaging, and 63
(71.6%) had a positive result. The most frequent con-
sensus diagnoses of survey participants were MCI
due to AD (n = 34, 38.6%) and AD (n = 25, 28.4%),
both of which were associated with a positive amyloid
PET scan. Some participants had subjective mem-
ory complaints (n = 10, 11.4%), two of whom had a
positive PET result. Others were cognitively unim-
paired but had a family history of AD (n = 9, 10.2%),
two of whom had a positive PET result. A small
group had cognitive impairment and a negative PET
(n = 5, 5.7%) and were diagnosed with diseases other
than AD, including depression, Lewy-body demen-
tia, corticobasal degeneration, and behavioral variant
frontotemporal degeneration.

Participant-reported results and subjective
understanding

Most participants reported having had PET imag-
ing (n = 69, 78.4%). Of 63 participants with a positive
amyloid PET result, 41 (65.1%) correctly reported
being told that they had abnormal build-up of amy-
loid plaque in their brain, while others responded that
they were told they did not have abnormal build-up
of amyloid (3.2%), or were not told anything about
amyloid plaques (3.2%), or they were not sure (4.8%),
or left the question blank (23.8%). In response to the
survey item to assess subjective understanding, par-
ticipants reported that they understood their imaging
results not at all (8.0%), a little (13.6%), somewhat
well (30.7%), well (28.4%), or very well (14.8%),
or left the question blank (4.5%). In response to the
survey question which asked what they had been told
about their current diagnosis, participants most fre-
quently reported that they had AD (42.0%), MCI
(30.7%), or no cognitive symptoms (11.4%). Among
participants with a clinical diagnosis of AD or of MCI
with AD pathophysiology, 89.8% (n = 53/59) recalled
being told that they had AD or MCI. Among partic-
ipants with a clinical diagnosis of MCI without AD
pathophysiology, three out of five recalled being told
that they had MCI.

Perceived meaning of results for health

Forty-two participants who received positive amy-
loid results provided responses to the open-ended
question about what their imaging results meant for
their health. Five of those participants had positive
outlooks about what their imaging results meant for
their health after receiving their results. The results
provided “awareness of how to plan for the future”
(ID 110) and hope that the results will help them
enroll in clinical trials. Twenty-three participants had
more negative outlooks, described as “scary, devas-
tating” (ID 156) and a “terrible future” (ID 108). Nine
participants who received positive amyloid results
were more ambivalent, focusing on next steps. For
example, one participant noted they “focus on diet
and exercise now in order to be as health[y] as pos-
sible” (ID 163). Sixteen participants who received
negative amyloid results provided responses to the
open-ended question about what their imaging results
meant for their health. Thirteen of those participants
reported a negative (n = 3) or ambivalent (n = 10)
outlook. Two participants, who received negative
amyloid results and reported a positive outlook, gen-
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Table 1
Participant characteristics (n = 88)

Characteristic n (%)

Agea

Mean (SD) 71.6 (7.9)
Gender

Male 48 (54.5%)
Female 39 (44.3%)
Missing 1 (1.1%)

Race and ethnicity
Black or African American 1 (1.1%)
Hispanic or Latino 4 (4.5%)
White or European American 81 (92.0%)
More than one race 1 (1.1%)
Prefer not to answer 1 (1.1%)

Marital status
Married 76 (86.4%)
Widowed 5 (5.7%)
Divorced 6 (6.8%)
Living with partner 1 (1.1%)

Number of children
None 7 (8.0%)
One or more 79 (89.8%)
Missing 2 (2.3%)

Education
High school graduate 5 (5.7%)
Some college 11 (12.5%)
Associate (2-year) college degree 6 (6.8%)
Bachelor’s degree 36 (40.9%)
Graduate or professional degree 29 (33.0%)
Missing 1 (1.1%)

Self-reported general health
Excellent 12 (13.6%)
Very Good 23 (26.1%)
Good 34 (38.6%)
Fair 14 (15.9%)
Poor 5 (5.7%)

Household income
$0 to $99,999 30 (34.1%)
$100,000 or more 51 (58.0%)
Missing 7 (8.0%)

Survey respondent
Participant 31 (35.2%)
Participant with help from study partner 16 (18.2%)
Study partner 40 (45.5%)
Missing 1 (1.1%)

Participant-reported current diagnosis
No cognitive symptoms 10 (11.4%)
Mild cognitive impairment 27 (30.7%)
Alzheimer’s disease 37 (42.0%)
Another disease that causes memory or thinking problems 6 (6.8%)
Results were unclear 3 (3.4%)
Unsure 3 (3.4%)
Missing 2 (2.3%)

Clinical consensus diagnosis
Alzheimer’s disease 25 (28.4%)
Mild cognitive impairment due to Alzheimer’s disease 34 (38.6%)
Mild cognitive impairment without Alzheimer’s disease 5 (5.6%)
Cognitively unimpaired with family history of Alzheimer’s disease 9 (10.2%)
Subjective memory complaints 11 (11.4%)
Other diagnosisb 5 (5.6%)

aCalculated based on 74 responses; bOther diagnoses included depression, Lewy-body dementia,
corticobasal degeneration, and behavioral variant frontotemporal degeneration.
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Table 2
Exemplar quotes of positive, ambivalent, and negative outlooks according to amyloid PET resultsa,b

Amyloid positive Amyloid negative

Positive outlook
(n = 7)

“I am hopeful. I have strong family support and I am
enrolled in a clinical trial.” (ID 129, Alzheimer’s
disease)

“Cognitive impairment will advance more slowly
than if I had amyloid” (ID 155, mild cognitive
impairment)

“Awareness of how to plan for the future.” (ID 110,
Alzheimer’s disease)

“Good” (ID 103, no report)

“At first I thought Alzheimer’s was in my future.
Now I think I may not develop it.” (ID 161, mild
cognitive impairment)

N/Ac

Ambivalent outlook
(n = 19)

“helps with diagnosis” (ID 119, Alzheimer’s
disease)

“So far, I’m okay” (ID 109, unclear results)

“I focus on diet and exercise now in order to be as
health as possible” (ID 163, Alzheimer’s disease)

“No detectable presence of Alzheimer’s disease
now” (ID 127, mild cognitive impairment)

“MRI can be compared to future MRI’s for
understanding disease progression. PET scan was a
research procedure.” (ID 104, mild cognitive
impairment)

“ . . . we continued further testing” (ID 184, other
disease that causes memory or thinking problems)

Negative outlook
(n = 26)

“scary, devastating” (ID 156, Alzheimer’s disease) “I have MCI and probably dementia with Lewy
bodies. These conditions will probably progress and
ultimately become fatal.” (ID 111, other disease that
causes memory or thinking problems)

“terrible future” (ID 108, Alzheimer’s disease) “Cognitive issues will increase” (ID 118, suspected
Lewy Body dementia)

“They confirmed I have ALZ so my brain will
continue to shut down affecting my abilities and my
body’s functions until ultimately I no longer
breath[e]. There is currently no cure and minimal
helps.” (ID 126, Alzheimer’s disease)

“Still have cognitive impairment” (ID 130, mild
cognitive impairment)

aThe question asked was: “What do you think your imaging results mean for your current and future health?”. bSelf-reported PET result
matched clinical PET result for all results presented. cN/A, not applicable; Only two participants who received negative amyloid results
provided responses to the open-ended question that were categorized as positive outlooks.

erally understood that to mean they were at lower risk
for AD. Some participants worried about other forms
of dementia or mentioned continuing to search for
answers (Table 2).

Participants’ perspectives on communication

Overall, participants reported positive perceptions
of the result communication experience. Most par-
ticipants trusted the clinical team, felt that they
were treated with respect and listened to, and were
comfortable voicing concerns (Table 3). Although
most participants agreed that they had the necessary
support to cope with any uncertainty or unknowns
(n = 23, 26.1% strongly agree; n = 25, 28.4% agree)
and felt comfortable asking questions (n = 27, 42.0%
strongly agree; n = 37, 42.0% agree), some still
reported that they had questions they were unable to
ask (n = 2, 2.3% strongly agree; n = 8, 9.1% agree).
Participants with a negative PET result more fre-
quently strongly agreed that they were treated with
sensitivity and respect (n = 19, 76.0% strongly agree;
n = 2, 8.0% agree) compared to those who received a

positive result (n = 35, 55.6% strongly agree; n = 21,
33.3% agree; p = 0.023). There were no differences in
responses to other items that assessed perspectives on
communication depending on whether the participant
had received positive versus negative PET results.

Self-efficacy and psychological impact of
receiving PET biomarker results

Participants’ responses to questions related to self-
efficacy to understand results did not differ according
to whether their PET result was positive or negative
(Table 4). Overall, most participants reported feeling
confident in their ability to understand their results
(n = 20, 22.7%; strongly agree; n = 33, 37.5% agree)
and that they felt it would be easy to get information
about what their results mean (n = 15, 17.0% strongly
agree; n = 34, 38.6% agree). Participants also reported
that they understood how their results could affect
their health (n = 19, 21.6% strongly agree; n = 48,
54.5% agree), that they had a good idea about how
their results may influence their risk for disease gen-
erally (n = 17, 19.3% strongly agree; n = 36, 40.9%
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Table 3
Perceptions of communication assessed using items modified from the Patient Assessment of cancer Communication Experience (PACE)

[31] and other communication evaluation surveys [32, 33]

Survey question Total n (%) PET Positive
n (%)

PET negative
n (%)

Fisher’s exact
test p

n = 88 n = 63 n = 25

I was treated with sensitivity and respect. 0.023
Strongly Disagree 0 (0.0%) 0 (0.0%) 0 (0.0%)
Disagree
Neither Agree nor Disagree 4 (4.5%) 4 (6.3%) 0 (0.0%)
Agree 23 (26.1%) 21 (33.3%) 2 (8.0%)
Strongly Agree 54 (61.4%) 35 (55.6%) 19 (76.0%)
Missing 7 (8.0%) 3 (4.8%) 4 (16.0%)

I trust the clinical team. 0.581
Strongly Disagree 1 (1.1%) 1 (1.6%) 0 (0.0%)
Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Neither Agree nor Disagree 3 (3.4%) 3 (4.8%) 0 (0.0%)
Agree 31 (35.2%) 25 (39.7%) 6 (24.0%)
Strongly Agree 46 (52.3%) 31 (49.2%) 15 (60.0%)
Missing 5 (5.7%) 1 (1.6%) 4 (16.0%)

I felt comfortable asking questions and voicing my concerns. 0.272
Strongly Disagree 0 (0.0%) 0 (0.0%) 0 (0.0%)
Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Neither Agree nor Disagree 5 (5.7%) 5 (7.9%) 0 (0.0%)
Agree 37 (42.0%) 29 (46.0%) 8 (32.0%)
Strongly Agree 37 (42.0%) 24 (38.1%) 13 (52.0%)
Missing 7 (8.0%) 3 (4.8%) 4 (16.0%)

I felt listened to. 0.093
Strongly Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Disagree 0 (0.0%) 7 (11.1%) 0 (0.0%)
Neither Agree nor Disagree 7 (8.0%) 21 (33.3%) 0 (0.0%)
Agree 25 (28.4%) 31 (49.2%) 4 (16.0%)
Strongly Agree 48 (54.5%) 2 (3.2%) 17 (68.0%)
Missing 6 (6.8%) 7 (11.1%) 4 (16.0%)

The clinical team checked to make sure I understood the information. 0.105
Strongly Disagree 2 (2.3%) 1 (1.6%) 1 (4.0%)
Neither Agree nor Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Disagree 9 (10.2%) 9 (14.3%) 0 (0.0%)
Agree 28 (31.8%) 23 (36.5%) 5 (20.0%)
Strongly Agree 41 (46.6%) 27 (42.9%) 14 (56.0%)
Missing 6 (6.8%) 1 (1.6%) 5 (20.0%)

The clinical team explained complicated topics well. 0.307
Strongly Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Disagree 1 (1.1%) 1 (1.6%) 0 (0.0%)
Neither Agree nor Disagree 11 (12.5%) 7 (11.1%) 4 (16.0%)
Agree 37 (42.0%) 31 (49.2%) 6 (24.0%)
Strongly Agree 32 (36.4%) 21 (33.3%) 11 (44.0%)
Missing 5 (5.7%) 1 (1.6%) 4 (16.0%)

I got clear, understandable information. 0.224
Strongly Disagree 3 (3.4%) 3 (4.8%) 0 (0.0%)
Disagree 1 (1.1%) 1 (1.6%) 0 (0.0%)
Neither Agree nor Disagree 11 (12.5%) 8 (12.7%) 3 (12.0%)
Agree 38 (43.2%) 32 (50.8%) 6 (24.0%)
Strongly Agree 29 (33.0%) 18 (28.6%) 11 (44.0%)
Missing 6 (6.8%) 1 (1.6%) 5 (20.0%)

I felt comfortable talking about sensitive issues or embarrassing subjects with the clinical team. 0.520
Strongly Disagree 0 (0.0%) 1 (1.6%) 1 (1.1%)
Disagree 0 (0.0%) 0 (0.0%) 0 (0.0%)
Neither Agree nor Disagree 2 (8.0%) 13 (20.6%) 15 (17.0%)
Agree 10 (40.0%) 29 (46.0%) 39 (44.3%)
Strongly Agree 9 (36.0%) 17 (27.0%) 26 (29.5%)
Missing 4 (16.0%) 3 (4.8%) 7 (8.0%)

(Continued)
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Table 3
(Continued)

Survey question Total n (%) PET Positive
n (%)

PET negative
n (%)

Fisher’s exact
test p

I felt I had the information and support available to me to answer any
questions I had after receiving my test results.

0.600

Strongly Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Disagree 9 (10.2%) 8 (12.7%) 1 (4.0%)
Neither Agree nor Disagree 14 (15.9%) 10 (15.9%) 4 (16.0%)
Agree 34 (38.6%) 26 (41.3%) 8 (32.0%)
Strongly Agree 22 (25.0%) 14 (22.2%) 8 (32.0%)
Missing 7 (8.0%) 3 (4.8%) 4 (16.0%)

The clinical team helped me cope with any uncertainty or unknowns. 0.461
Strongly Disagree 4 (4.5%) 4 (6.3%) 0 (0.0%)
Disagree 3 (3.4%) 3 (4.8%) 0 (0.0%)
Neither Agree nor Disagree 24 (27.3%) 16 (25.4%) 8 (32.0%)
Agree 25 (28.4%) 20 (31.7%) 5 (20.0%)
Strongly Agree 23 (26.1%) 15 (23.8%) 8 (32.0%)
Missing 9 (10.2%) 5 (7.9%) 4 (16.0%)

The clinical team noticed when I had problems understanding. 0.975
Strongly Disagree 0 (0.0%) 0 (0.0%) 0 (0.0%)
Disagree 3 (3.4%) 3 (4.8%) 0 (0.0%)
Neither Agree nor Disagree 31 (35.2%) 23 (36.5%) 8 (32.0%)
Agree 29 (33.0%) 21 (33.3%) 8 (32.0%)
Strongly Agree 17 (19.3%) 13 (20.6%) 4 (16.0%)
Missing 8 (9.1%) 3 (4.8%) 5 (20.0%)

It was hard to make sense out of the information. 0.120
Strongly Disagree 16 (18.2%) 9 (14.3%) 7 (28.0%)
Disagree 29 (33.0%) 21 (33.3%) 8 (32.0%)
Neither Agree nor Disagree 22 (25.0%) 20 (31.7%) 2 (8.0%)
Agree 7 (8.0%) 5 (7.9%) 2 (8.0%)
Strongly Agree 5 (5.7%) 3 (4.8%) 2 (8.0%)
Missing 9 (10.2%) 5 (7.9%) 4 (16.0%)

It was hard to ask questions about this information. 0.137
Strongly Disagree 18 (20.5%) 9 (14.3%) 9 (36.0%)
Disagree 34 (38.6%) 27 (42.9%) 7 (28.0%)
Neither Agree nor Disagree 16 (18.2%) 13 (20.6%) 3 (12.0%)
Agree 8 (9.1%) 7 (11.1%) 1 (4.0%)
Strongly Agree 3 (3.4%) 2 (3.2%) 1 (4.0%)
Missing 9 (10.2%) 5 (7.9%) 4 (16.0%)

I had questions about this information that I was unable to ask. 0.597
Strongly Disagree 22 (25.0%) 16 (25.4%) 6 (24.0%)
Disagree 37 (42.0%) 26 (41.3%) 11 (44.0%)
Neither Agree nor Disagree 11 (12.5%) 10 (15.9%) 1 (4.0%)
Agree 8 (9.1%) 6 (9.5%) 2 (8.0%)
Strongly Agree 2 (2.3%) 1 (1.6%) 1 (4.0%)
Missing 8 (9.1%) 4 (6.3%) 4 (16.0%)

I received too much information to understand. 0.363
Strongly Disagree 24 (27.3%) 15 (23.8%) 9 (36.0%)
Disagree 33 (37.5%) 28 (44.4%) 5 (20.0%)
Neither Agree nor Disagree 14 (15.9%) 10 (15.9%) 4 (16.0%)
Agree 6 (6.8%) 5 (7.9%) 1 (4.0%)
Strongly Agree 4 (4.5%) 3 (4.8%) 1 (4.0%)
Missing 7 (8.0%) 2 (3.2%) 5 (20.0%)

agree), and that they could explain to others how their
results might affect their own health (n = 15, 17.0%
strongly agree; n = 31, 35.2% agree).

Figure 1 displays findings on the psychological
impact of receiving PET imaging results. Overall,
most participants strongly disagreed (n = 19, 21.6%)

or disagreed (n = 18, 30.7%) that they were concerned
it would be difficult to talk to family members about
their results. Most participants reported feeling con-
fident (n = 13, 14.8% strongly agreed; n = 39, 44.3%
agreed) that their results would help them plan better
for the future. Most participants did not report feeling
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Table 4
Participant-reported self-efficacy to understand neuroimaging results for Alzheimer’s disease

Survey question Total n (%) PET Positive n (%) PET negative n (%) Fisher’s exact test p
n = 88 n = 63 n = 25

I am confident in my ability to understand my results. 0.553
Strongly Disagree 2 (2.3%) 1 (1.6%) 1 (4.0%)
Disagree 9 (10.2%) 8 (12.7%) 1 (4.0%)
Neither Agree nor Disagree 15 (17.0%) 10 (15.9%) 5 (20.0%)
Agree 33 (37.5%) 23 (36.5%) 10 (40.0%)
Strongly Agree 20 (22.7%) 16 (25.4%) 4 (16.0%)
Missing 9 (10.2%) 5 (7.9%) 4 (16.0%)

It is easy for me to get information about what my results mean. 0.818
Strongly Disagree 9 (10.2%) 7 (11.1%) 2 (8.0%)
Disagree 9 (10.2%) 8 (12.7%) 1 (4.0%)
Neither Agree nor Disagree 14 (15.9%) 9 (14.3%) 5 (20.0%)
Agree 34 (38.6%) 24 (38.1%) 10 (40.0%)
Strongly Agree 15 (17.0%) 11 (17.5%) 4 (16.0%)
Missing 7 (8.0%) 4 (6.3%) 3 (12.0%)

I understand how my results can affect my health. 0.299
Strongly Disagree 1 (1.1%) 0 (0.0%) 1 (4.0%)
Disagree 2 (2.3%) 2 (3.2%) 0 (0.0%)
Neither Agree nor Disagree 12 (13.6%) 7 (11.1%) 5 (20.0%)
Agree 48 (54.5%) 37 (58.7%) 11 (44.0%)
Strongly Agree 19 (21.6%) 14 (22.2%) 5 (20.0%)
Missing 6 (6.8%) 3 (4.8%) 3 (12.0%)

I have a good idea about how my results may influence my risk for disease generally. 0.501
Strongly Disagree 4 (4.5%) 3 (4.8%) 1 (4.0%)
Disagree 11 (12.5%) 9 (14.3%) 2 (8.0%)
Neither Agree nor Disagree 13 (14.8%) 7 (11.1%) 6 (24.0%)
Agree 36 (40.9%) 28 (44.4%) 8 (32.0%)
Strongly Agree 17 (19.3%) 12 (19.0%) 5 (20.0%)
Missing 7 (8.0%) 4 (6.3%) 3 (12.0%)

I can explain to others how my results may affect my health. 0.993
Strongly Disagree 5 (5.7%) 4 (6.3%) 1 (4.0%)
Disagree 15 (17.0%) 11 (17.5%) 4 (16.0%)
Neither Agree nor Disagree 15 (17.0%) 11 (17.5%) 4 (16.0%)
Agree 31 (35.2%) 23 (36.5%) 8 (32.0%)
Strongly Agree 15 (17.0%) 10 (15.9%) 5 (20.0%)
Missing 7 (8.0%) 4 (6.3%) 3 (12.0%)

regretful about having testing (n = 49, 55.7% strongly
disagree; n = 15, 17.0% disagree). However, most
participants reported feeling frustrated that there was
no good prevention or cure for AD/ADRD, with par-
ticipants who received a positive PET imaging result
more frequently agreeing that they felt frustrated
(n = 33, 52.4% strongly agree; n = 14, 22.2% agree)
than those who received a negative result (n = 7, 28%
strongly agree; n = 11, 44.0% agree; p = 0.05). Sim-
ilarly, participants with a positive PET result more
frequently reported feeling concerned about how
their insurance status might be affected (n = 6, 9.5%
strongly agree; n = 8, 12.7% agree) than those who
received a negative result (none strongly agree, n = 2,
8.0% agree; p = 0.03).

While overall approximately a third of partici-
pants neither agreed nor disagreed that the imaging
results made them feel relieved (n = 26, 29.5%) and

happy (n = 28, 31.8%), participants who received a
negative PET imaging result more frequently agreed
that their imaging results made them feel relieved
(n = 11, 44.0% strongly agree; n = 5, 20.0% agree)
compared to those who received a positive result
(n = 2, 3.2% strongly agree; n = 13, 20.6% agree;
p < 0.001). Similarly, participants who received a
negative PET imaging result more frequently agreed
that their imaging results made them feel happy
(n = 7, 28.0% strongly agree; n = 3, 12.0% agree)
compared to those who received a positive result
(none strongly agree, n = 3, 4.8% agree; p < 0.001). In
subgroup analyses of participants with MCI and with
normal cognition (family history of AD or subjec-
tive memory complaints), we observed qualitatively
similar response patterns by PET imaging result, yet
small sample sizes prevented statistical comparison
(Supplementary Material).
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Fig. 1. Psychological impact of receiving imaging results related to risk for Alzheimer’s disease and related dementias.

Genetic testing for AD/ADRD: Interest and
potential utility

The majority (85.2%) of participants reported that
they had not previously had any genetic testing
related to AD/ADRD. However, most participants
were interested (n = 24, 27.3%) or very interested
(n = 33, 37.5%) in receiving genetic testing to learn
more about their risk for AD/ADRD. Participants
reported thinking that genetic testing would be use-
ful to accurately identify their risk for dementia
(n = 23, 26.1% strongly agree; n = 34, 38.6% agree),
influence decisions they would make about their
medical care (n = 20, 22.7% strongly agree; n = 41,
46.6% agree), inform family members of their risk
for dementia (n = 27, 30.7% strongly agree; n = 36,
40.9% agree), and influence their end-of-life plan-
ning (n = 28, 31.8% strongly agree; n = 32, 36.4%
agree). Participants also thought that genetic test-
ing for AD/ADRD risk would help satisfy their
curiosity (n = 22, 25.0% strongly agree; n = 33, 37.5%
agree) and give them peace of mind (n = 20, 22.7%
strongly agree; n = 29, 33.0% agree) about their risk
for dementia (Fig. 2). Perceptions of potential utility
of genetic testing did not differ by PET imaging out-

come in pooled analyses or in analyses by PET result
(Supplementary Material).

DISCUSSION

In this survey study of participants who received
results of neuroimaging biomarkers of AD, the
majority of participants reported high self-efficacy
around their results. While frustration about lack
of AD/ADRD treatment was common, disease-
modifying therapies have become available since our
survey data were collected. Similar to research stud-
ies that have evaluated the psychological impacts of
receiving genetic testing and neuroimaging testing
for AD/ADRD risk, most participants in our study did
not endorse negative feelings in response to testing
[35–37]. Our results thus further support the disclo-
sure of AD biomarker results in research and clinical
care [38, 39]. However, we found that a sizable minor-
ity of survey participants did not remember their
imaging results and expressed negative feelings, sug-
gesting that further research is needed to understand
how to communicate results and best support patients
and families who receive biomarker results. Although
our study was performed in the context of a research
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Fig. 2. Perceived utility of genetic testing for Alzheimer’s disease and related dementias.

protocol, the process by which results were returned
by the physicians clinically treating the participants
resembled usual clinical care, where test results are
routinely returned and their clinical implications are
discussed.

Given that results disclosure was unscripted, our
study provides novel insights regarding participants’
perspectives of the PET imaging result communi-
cation experience in an environment reflective of
real-world clinical care. Our findings suggest that
most participants had high trust in their clinical team,
felt listened to, and felt comfortable voicing concerns.
Notably, not all participants felt that they had the
necessary support to answer their questions; some
reported that it was hard to ask questions or that
they had questions that they were unable to ask.
These findings highlight the importance of assessing
patients’ and research participants’ perceptions of the
communication experience to inform approaches to
returning complex risk information. Tools like check-
ing for understanding, teach-back, and emotional
support framing may be useful when communicating
this information [23, 40–45].

While participants in our study did not receive
genetic testing as part of the AD/ADRD evalua-

tion, most expressed interest in receiving genetic
testing to learn more about their AD/ADRD risk.
They predicted that genetic testing would be use-
ful for decision making about clinical care, future
planning, and family members. These responses are
aligned with findings from qualitative research with
geriatricians, who also recognized the potential per-
sonal utility of genetic testing for AD/ADRD risk
[46]. However, geriatricians may be less optimistic
about the clinical utility of testing without avail-
ability of disease-modifying therapies and remain
concerned about the potential of genetic test results to
cause patients anxiety, especially if learned through
a direct-to-consumer test [46]. Communication with
participants and patients will need to include appro-
priate expectation setting about the certainty and
utility of results. As more individuals without cog-
nitive symptoms might want to undergo testing,
additional research should focus on the development
of standard protocols for disclosing a pre-clinical
AD/ADRD diagnosis, training of clinical team mem-
bers to communicate risk disclosure, and the clinical
utility of early diagnosis [39, 47]. Participants in our
study did not receive any education regarding genetic
testing for AD/ADRD, and future research should
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explore the impact of education on perceptions of the
utility of genetic testing.

The psychological impact of learning amyloid
results and interest in genetic testing for AD/ADRD
may vary based on whether individuals already have
a clinical diagnosis of AD, MCI, or are cognitively
unimpaired [19, 48, 49]. Our analysis is limited by
small sample sizes of participants who had MCI with-
out AD and who had no cognitive impairment, which
prevented statistical comparison of survey responses
across groups. Moreover, because we surveyed par-
ticipants at a single time point, we are unable to
determine whether outcomes such as psychological
response might have shifted over time.

We did not directly compare participants’ self-
reported diagnosis with their consensus diagnosis
because the survey response categories did not map
cleanly onto the consensus diagnosis categories.
Our study population was not representative of all
neurology clinic patients in terms of sociodemo-
graphic characteristics, and study participants were
mostly highly educated, White or European Amer-
ican, and higher income individuals who may have
more access to health care and resources for navigat-
ing a dementia diagnosis. Given disparities within AD
research overall, [50] future research should ensure
that the perspectives of individuals who reflect the
AD/ADRD patient population are represented [51,
52].

Improved understanding of the communication
process and validated instruments that are appropriate
to assess the communication of precision diagnostic
results in AD/ADRD are important to guide return of
results. Additionally, given that there is a requirement
for study partners to enroll alongside participants in
AD/ADRD research, future studies should explore
the perspectives of study partners on topics such as
genetic testing that may have implications for their
caregiving roles and, if biologically related to the
study participant, their own health. Better under-
standing of whether and to what extent objective
understanding of results and access to resources affect
self-efficacy to understand and act upon AD/ADRD
risk information is needed. Our findings can inform
future clinical implementation of AD/ADRD through
improved understanding of participants’ experience
with return of results and interest in genetic testing.
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