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Abstract 

Background: Little research exists on the role of β‑amyloid PET scans as part of Alzheimer’s diagnostic tests and 
documentation of end‑of‑life preferences for persons with cognitive impairment. The study objectives were to 
examine the association of amyloid PET scan results (elevated vs. not elevated amyloid levels) and diagnostic category 
(mild cognitive impairment vs. dementia) with the likelihood of having an advance directive (reported a median 
of 4.5 months post‑scan); to explore perceptions of PET scan results and their influence on planning for the future 
among persons with cognitive impairment and their care partners.

Methods: Sequential, explanatory mixed‑methods design using data from dyads in the CARE‑IDEAS study: advance 
directives as a factor of diagnostic category and scan result using multivariable logistic regression models; thematic 
analysis of semi‑structured interviews with persons with cognitive impairment and care partners to explore how scan 
results influenced documentation of future healthcare preferences. Participants included 1784 persons with cogni‑
tive impairment and care partners from the CARE‑IDEAS study, and a subsample of 100 semi‑structured telephone 
interviews.

Results: 81.6% of dyads reported an advance directive. Non‑Hispanic, White participants had higher rates of advance 
directives. There was no significant association between having an advance directive and scan results. Qualitative 
analysis provided insight into perceived urgency to have advance directives, evolving healthcare preferences, and the 
context of completing advance directives.

Conclusions: Although amyloid PET scans prompted persons with cognitive impairment and care partners to con‑
sider progressive cognitive impairment as part of evolving healthcare preferences, we found substantial variability in 
the perceived urgency of documentation.
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Introduction
In 2015, 46.2 million people worldwide lived with 
dementia, a number projected to grow to nearly 131.5 
million by 2050 [1]. The most common cause of demen-
tia is Alzheimer’s disease, a progressive terminal illness 
affecting neurons involved in cognitive processes that 
eventually inhibits basic functioning [2]. Diagnosing 
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Alzheimer’s disease and related dementias is a multi-step 
process and can involve a variety of tests, including amy-
loid positron emission tomography (PET) scans. Beyond 
establishing eligibility for novel pharmacological inter-
ventions in a research setting [3–5], increased diagnos-
tic accuracy conferred by amyloid PET can potentially 
improve healthcare planning for patients and families 
and has been found to change the medical management 
of patients [6]. Amyloid PET scans assess the level of 
Aβ plaques in the brain, with a normal level excluding a 
diagnosis of Alzheimer’s disease and indicating dementia 
is caused by other disease processes [7, 8]. Planning for 
the future is particularly important for persons with Alz-
heimer’s disease and related dementias, given the uncer-
tain prognosis and potentially extended decline with 
diminished capacity necessitating reliance on surrogate 
decision-makers.

Individuals can make their preferences for future care 
known through advance care planning, a process that 
may include different elements for different individuals, 
and may change as illness progresses [9]. Advance care 
planning can take the form of discussing one’s wishes 
with family members, caregivers, and healthcare provid-
ers, and/or the completion of written advance directives 
in medical records [9], in anticipation of a time at which 
the patient may no longer have capacity. As a component 
of advance care planning, durable power of attorney for 
healthcare allows individuals with progressive demen-
tia to prepare for future healthcare decisions. A durable 
power of attorney for healthcare is a specific designation 
made by a patient to put the decision-making power in 
the hands of another individual when the patient is una-
ble to do so themselves, and is particularly important 
in cases where the prognosis includes future incapac-
ity, as is likely for persons with Alzheimer’s disease and 
related dementias [10]. A recent systematic review [11] 
concluded that advance care planning supports future 
autonomy and is associated with positive end-of-life out-
comes, and advance directives are also a clinically useful 
tool for practice and evaluation [12]. Advance directives 
can offer clarity for healthcare providers and surrogate 
decision-makers, and improve concordance in end-of-
life care [13].

Despite the benefits of advance directives, there are 
many barriers to advance care planning for persons with 
dementia, including difficulty predicting their progres-
sion [13, 14]. They may also struggle with advance care 
planning because they do not want to consider a future 
in which they are unable to make decisions for them-
selves, or feel powerless to change what feels like a bleak 
prognosis [15, 16]. Knowing when to begin and revisit 
conversations about the future and preferences for care 
is another barrier to advance care planning [14, 16–19]. 

In previous qualitative work, healthcare profession-
als described discomfort initiating conversations about 
advance care planning and being unsure of the “best” 
time to do so, particularly if patients themselves are una-
ware of the urgency [19, 20]. Persons with dementia and 
their carers also reported difficulty identifying the “right” 
time for advance care planning, describing the point of 
diagnosis as “too soon” but struggling to pinpoint an 
appropriate time [14]. Alzheimer’s disease is both pro-
gressive and terminal, and the challenge lies in finding a 
time when patients and families are able to consider an 
uncertain future but before the patient has lost capacity 
to make these decisions [16].

Previous research has not explored how amyloid PET 
scan results may influence the completion of advance 
directives and plans for the future, and it is possible the 
disclosure of amyloid scan results may present the “right 
time” to engage in advance care planning and prompt 
discussion among patients, care partners, and healthcare 
professionals. Advance care planning is not a single dis-
cussion, but beginning the process can be a difficult step. 
With increasingly advanced diagnostic technology it is 
vital to understand patient and care partner perspectives 
on the role amyloid scan results play in completing an 
advance directive. The objective of this mixed-methods 
study was to examine the relationship between amyloid 
PET scan results and diagnostic category at enrollment 
(mild cognitive impairment vs. dementia) with the likeli-
hood of having an advance directive among a sample of 
Medicare beneficiaries with memory issues of unknown 
etiology. We aimed to better understand how scan results 
are interpreted by persons with cognitive impairment 
and their care partners in the context of advance care 
planning. The research questions guiding our quantita-
tive investigation were: How likely are persons with cog-
nitive impairment who had an amyloid PET scan to have 
an advance directive, and to what extent does this vary 
by diagnostic category and scan result? We hypothesized 
that persons with dementia and those with elevated amy-
loid would be more likely to report an advance directive. 
For the qualitative portion of the study, we investigated 
the role amyloid scan results play in the documentation 
of end-of-life care preferences among persons with cog-
nitive impairment and their care partners.

Methods
Mixed‑methods research design
This study consists of a sequential, explanatory mixed-
methods design [21] to better understand the role that 
amyloid PET scan results play in planning for the future 
and completing advance directives according to per-
sons with cognitive impairment and the family members 
and/or friends who care for them (referred to as care 
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partners). Quantitative data collection and analysis pre-
ceded and informed the subsequent qualitative stage, and 
generated additional explanatory data and insight (see 
Fig.  1). Mixing of methods occurred during qualitative 
data collection, analysis, and interpretation. Semi-struc-
tured interview questions deepened our understand-
ing of the influence of PET scan results on participants’ 
plans for the future and completion of advance directives. 
Quantitative findings informed stratification of qualita-
tive data for analysis, shedding light on participants’ per-
spectives about advance directives given their memory 
issues and amyloid PET scan results.

Quantitative methods and measures
The quantitative analyses rely on baseline survey data 
from the “Caregivers’ Reactions and Experience, a supple-
mental study of the Imaging Dementia Evidence for Amy-
loid Scanning Study (CARE-IDEAS),” which recruited 
a sub-sample of 2228 IDEAS participants and 1872 of 
their care partners. The IDEAS study examined change in 
the clinical management of 16,008 Medicare beneficiar-
ies with cognitive impairment of uncertain etiology who 
underwent an amyloid PET scan between 2016 and 2017 
as part of diagnostic procedures for Alzheimer’s disease 
[6]. As described by the IDEAS protocol, amyloid PET 

results were discussed in accordance with routine clini-
cal practice across the 592 participating dementia prac-
tices and the discussion was not standardized by the trial. 
The procedures and survey instruments employed in the 
CARE-IDEAS study have been described in previous 
publications [22–25]. Briefly, the IDEAS study team pro-
vided contact information of IDEAS patients who agreed 
to be contacted for supplemental studies (N = 12,474) to 
TrialMatch®, the Alzheimer’s Association’s clinical stud-
ies matching service. TrialMatch® agents then recruited 
participants into supplemental studies, including CARE-
IDEAS. Among the 3717 IDEAS study patients contacted 
for the CARE-IDEAS study, 2228 persons with cogni-
tive impairment and 1872 of their care partners com-
pleted the baseline survey. The CARE-IDEAS study was 
approved by the Brown University Institutional Review 
Board (Protocol#1606001534) on June 24th, 2016. All 
methods were carried out in accordance with relevant 
guidelines and regulations.

Structured survey items were administered by tel-
ephone in 2017-2018. The median time between receiv-
ing the amyloid PET scan and taking the baseline CARE 
survey was 4.5 months with an interquartile range 
of 2.3-9.3 months. The main outcome of interest for 
this manuscript was the self-reported presence of an 

Fig. 1 Mixed‑methods research design
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advance directive, assessed by asking persons with cog-
nitive impairment: “Do you have an advance directive? 
This document describes your preferences for resuscita-
tion and other life-saving procedures;” and asking care 
partners: “Does <PATIENT> have an advance direc-
tive? This document describes <HIS/HER> preferences 
for resuscitation and other life-saving procedures.” Our 
final analytical sample was restricted to dyads in which 
both members completed the telephone interview and 
answered whether or not the person with cognitive 
impairment had an advance directive, resulting in 95.3% 
of the eligible population (N = 1784). Given that persons 
with cognitive impairment may not remember having an 
advance directive and/or care partners may not know 
about existing ones, we considered the person with cog-
nitive impairment as having an advance directive if either 
they or their care partner reported one, to lower the rate 
of missing values. We conducted sensitivity analyses to 
determine whether using only the care partner report 
would change our results.

The main independent variables of interest were ele-
vated or not elevated amyloid levels based on the PET 
scan, and whether the person with cognitive impair-
ment was identified as having dementia or mild cognitive 
impairment at the time of the scan. Covariates known 
to have a significant association with the completion of 
advance directives were included in fully adjusted mod-
els, including age (below 65, 65-74, 75-84, 85+), gen-
der (man or woman), education (less than high school 
diploma, some college, college degree, postgraduate 
degree), and self-reported race/ethnicity (Non-Hispanic 
White, Hispanic White, non-Hispanic Black, or other) 
[10, 26, 27].

We first examined self-reported advance directive 
completion rates using descriptive statistics. We then 
estimated univariate regression models for the two main 
variables of interest, and finally added covariates to fully-
adjusted multivariable logistic regression models assess-
ing the relationship between diagnostic category, scan 
results, and likelihood of having an advance directive. 
Regression models were estimated separately based on 
respondent and care partner variables given high correla-
tion between these characteristics across our dyads. The 
majority of the dyads in the CARE-IDEAS study were 
spouses.

Qualitative data collection and analysis
In-depth qualitative interviews were conducted via tel-
ephone between May 2020 and January 2021 by two 
funded female graduate research assistants and one 
funded female, PsyD-trained research coordinator 
under the supervision of team members (EB, EG, TFW). 
The interview guide (see Additional  file  1: Appendix) 

comprised various open-ended questions with probes 
to obtain participants’ perceptions of amyloid PET scan 
results and how they may have influenced their plans 
for the future and was pilot tested with 10 participants 
prior to completion of the full sample. Participants were 
eligible if they had completed CARE-IDEAS surveys, 
agreed to be contacted again for future studies, and had 
a score of at least 21 on the Modified Telephone Inter-
view for Cognitive Status (M-TICS) conducted as part 
of the CARE-IDEAS study within the previous year. A 
score ≥ 21 indicated sufficient cognitive ability to mean-
ingfully participate in a semi-structured interview [28]. 
Participants were mailed a consent form and then con-
tacted by research assistants with whom they had no 
prior relationship for a single in-depth telephone inter-
view lasting approximately 30 to 60 minutes. After 
reviewing the information provided in the consent form, 
covering goals of the research, risks and benefits, and 
other relevant information together, participants were 
prompted to explain the purpose of the study in their 
own words as an additional screening of cognitive abil-
ity. Verbal informed consent was obtained from all par-
ticipants. Given that the CARE-IDEAS study cohort 
was relatively homogenous in terms of race and ethnic-
ity, we oversampled from participants who had not self-
identified as non-Hispanic White in the baseline survey 
to ensure greater diversity of perspectives. We stratified 
recruitment by diagnostic categories and amyloid PET 
scan results to obtain a similar population of participants 
to that of the overall CARE-IDEAS study. This qualitative 
follow-up study was approved by the Institutional Review 
Board at Brown University (Protocol #1606001534) on 
February 14th, 2020.

Interviews were audio recorded with permission, tran-
scribed verbatim, and imported into NVivo [29] and were 
not returned to participants for comment. Interview-
ers made field notes for the interviews to add clarity. We 
used exploratory content analysis to identify relevant 
content in a large corpus of data, based on an itera-
tive coding book developed after coding 10 interviews 
with a team of five researchers. All interviews were then 
coded by the first author according to this coding book, 
and the remaining team members verified the coding 
for accuracy. No new relevant findings emerged through 
the remaining coding process. Any discrepancies in cod-
ing across analysts were discussed until consensus was 
reached. Participants were not invited to offer feedback 
on the findings. The first and second authors imported 
stratifying survey data into NVivo and used query func-
tions to perform thematic analysis [30] about the mean-
ing of the PET scans for the future and the process of care 
preference documentation along relevant dimensions. 
Variables chosen for stratification were derived from the 
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results of the quantitative analyses, namely amyloid PET 
scan results, age, education, and race/ethnicity. Thematic 
analysis involved reading through query results indepen-
dently and discussing observations before abstracting 
larger patterns from the data as relevant to the research 
question. The research team kept an audit trail docu-
menting the analytical process to maintain a transparent 
record of study decisions.

Results
Quantitative sample description
Our quantitative sample included 1872 dyads who com-
pleted the baseline structured surveys for the CARE-
IDEAS study. Of this cohort, 88 were excluded from 
analyses due to missing values for variables of interest. 
As seen in Table  1, the majority of persons with cogni-
tive impairment (60.8%) were men, and 93.9% self-iden-
tified as non-Hispanic White. Over half (52.6%) were 
between 65 and 74 years of age. For comparison, the 
parent IDEAS study reported 11,409 participants with 
a complete record, 60.5% of which had MCI, and 39.5% 

had dementia, with 61.1% of the overall sample hav-
ing elevated amyloid plaques. As can be expected with 
longitudinal follow-up of participants willing to be con-
tacted again, our CARE-IDEAS sample was slightly less 
impaired (73.6% MCI and 26.4% dementia), but a larger 
percentage had elevated amyloid (68.5%). Slightly less 
than half of care partners were between 65 and 74 years 
of age (47.2%). The majority (67.8%) of care partners were 
women, and 93.8% self-identified as non-Hispanic White. 
The vast majority (88.4%) of dyads were married or part-
nered and living together. Both persons with cognitive 
impairment and care partners were overall highly edu-
cated, with 58.7% of respondents and 57.5% of care part-
ners having a Bachelor’s or graduate degree.

Quantitative findings
The overall rate of self-reported advance directives 
in our sample was relatively high; in 81.6% of dyads, at 
least one person reported that the person with cognitive 
impairment had an advance directive at the time of the 
CARE-IDEAS telephone survey interview. Concordance 

Table 1 Descriptive characteristics of study dyads N = 1784

Persons with Cognitive Impairment
N (%)

Care Partners of 
Persons with Cognitive 
Impairment
N (%)

Characteristic
Age‑ n (%)
 Below 65 N/A 341 (19.11)

 65‑74 938 (52.58) 842 (47.20)

 75‑84 762 (42.71) 549 (30.77)

 85+ 84 (4.71) 52 (2.91)

Gender ‑ n (%)
 Men 1079 (60.48) 574 (32.17)

 Women 705 (39.52) 1210 (67.83)

Race / Ethnicity‑ n (%)
 Non‑Hispanic, Caucasian 1675 (93.89) 1674 (93.83)

 Non‑Hispanic, African American 30 (1.68) 29 (1.63)

 Hispanic, Caucasian 42 (2.35) 38 (2.13)

 Other 37 (2.07) 43 (2.41)

Education‑ n (%)
 Secondary or less 280 (15.70) 257 (14.41)

 Vocational / some college 456 (25.56) 499 (27.97)

 Bachelor’s degree 422 (23.65) 484 (27.13)

 Graduate degree 626 (35.09) 544 (30.49)

Diagnostic Category‑ n (%)
 Mild Cognitive Impairment 1313 (73.60) N/A

 Dementia 471 (26.40) N/A

β‑Amyloid Scan Results‑ n (%)
 Not elevated 562 (31.50) N/A

 Elevated 1222 (68.50) N/A
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was present in 77.4% of dyads, with 61.5% both reporting 
the presence of an advance directive, and 15.9% agreeing 
about its absence. When members of the dyad disagreed, 
the person with cognitive impairment reported advance 
directives and the care partner did not in 5.3% of the ana-
lytical sample, while 9.3% had the reverse scenario. In the 
rest of the dyads (8.0%), one member reported not know-
ing about advance directives. Contrary to our hypothe-
sis, there was no significant association between having 
an advance directive and either diagnostic category at 
enrollment or amyloid PET scan results. In fully-adjusted, 
multivariable models (see Table  2), the following socio-
demographic characteristics were associated with a 
higher likelihood of having an advance directive: being 
75-84 years old, male respondent gender or female care 
partner gender, non-Hispanic White race/ethnicity, and 
higher education level. Race/ethnicity was an important 
covariate; persons with cognitive impairment identify-
ing as a race or ethnicity other than non-Hispanic White 
were less than half as likely to have an advance directive. 
Sensitivity analyses using only care partner report yielded 
similar conclusions, with 76.9% of dyads in the sample of 
1706 where care partner report was available having an 

advance directive, and the same significant associations 
with socio demographic characteristics.

Qualitative sample description
Of the 58 persons with cognitive impairment and 121 
care partners who were eligible for the follow-up quali-
tative study, 39 persons with cognitive impairment 
and 63 care partners completed the interview, result-
ing in response rates of 67.2 and 52.0%, respectively; the 
remainder refused to participate or could not be reached. 
Of the persons with cognitive impairment who par-
ticipated in the interviews, 65.8% were men, 86.8% were 
married or lived with a partner, and 65.8% self-identi-
fied as non-Hispanic White. The majority (76.3%) were 
between 65 and 74 years of age. They were highly edu-
cated, similar to the overall sample, with 63.2% having 
completed graduate education. Slightly more than half 
(55.3%) of the participants had elevated amyloid levels 
and the majority (92.1%) had been diagnosed with mild 
cognitive impairment rather than dementia, which is to 
be expected given the minimum M-TICS score of 21 (see 
Table 3) inclusion criterion.

Table 2 Odds ratios of reporting an advance directive as a factor of participant characteristics, N = 1784 (95% confidence intervals)

Persons with Cognitive Impairment Care Partners

Univariate Multivariable Univariate Multivariable

Age
 Below 65 N/A N/A Ref Ref

 65‑74 Ref Ref 1.30 (.95, 1.76) 1.27 (.93, 1.75)

 75‑84 1.61 (1.25, 2.08) 1.53 (1.18, 1.99) 1.72 (1.22, 2.42) 1.83 (1.27, 2.63)

 85+ 1.67 (.89, 3.13) 1.57 (.82, 2.98) 1.66 (.75, 3.67) 1.90 (.84, 4.29)

Gender
 Men Ref Ref Ref Ref

 Women .66 (.52, .84) .75 (.58, .97) 1.40 (1.09, 1.80) 1.63 (1.25, 2.12)

Race / Ethnicity
 Non‑Hispanic, White Ref Ref Ref Ref

 Non‑Hispanic, African  American .21 (.10, .43) .22 (.10, .46) .34 (.16, .72) .35 (.16, .76)

 Hispanic, White .41 (.22, .80) .47 (.24, .91) .35 (.18, .69) .36 (.18, .71)

 Other .43 (.21, .87) .44 (.21, .89) .35 (.19, .66) .34 (.18, .65)

Education
 Secondary or less Ref Ref Ref Ref

 Vocational / some college 1.03 (.72, 1.47) 1.05 (.73, 1.51) 1.70 (1.19, 2.44) 1.75 (1.21, 2.53)

 Bachelor’s degree 1.57 (1.07, 2.30) 1.48 (.99, 2.18) 1.60 (1.11, 2.29) 1.62 (1.12, 2.33)

 Graduate degree 1.66 (1.16, 2.36) 1.54 (1.06, 2.23) 1.97 (1.37, 2.83) 2.04 (1.41, 2.95)

Diagnostic Category
 Mild Cognitive Impairment Ref Ref

 Dementia .90 (.69, 1.18) .97 (.74, 1.28)

β‑Amyloid Scan Results
 Not elevated Ref Ref

 Elevated .85 (.65, 1.10) .78 (.60, 1.04)
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Half (51.6%) of the care partners were between 65 and 
74. Three-quarters (75.8%) were women, 95.2% were mar-
ried or lived with the person with cognitive impairment, 
and 43.5% had a graduate education. Due to our purpose-
ful sampling strategy, 45.2% of the care partners who 
participated in the in-depth interviews identified as His-
panic, Black or African American, or another race other 
than non-Hispanic White. Approximately half (54.8%) of 
the care partners cared for a person with elevated amy-
loid levels. Nearly 80% of the care partners cared for a 
person with mild cognitive impairment at the time of the 
scan. All interview participants were recruited from the 
parent IDEAS study and had already received an amy-
loid PET scan as research participants [31]. Of the 100 
in-depth interview participants, there were 30 dyads in 
which both members participated.

Qualitative results
The most salient findings from the qualitative thematic 
analysis process concerned the perceived urgency to 

have or update advance directives, the evolving nature of 
healthcare preferences, and the overall context of complet-
ing an advance directive. We provide descriptions of each 
overarching theme below and discuss how they differed 
along stratifying dimensions including amyloid PET scan 
results, and race and ethnicity (see Table 4 for additional 
excerpts).

There were marked differences between participants’ 
perceived urgency to make one’s wishes known through 
advance directives. Some participants mentioned the 
scan results as a trigger to complete or update advance 
directives: “After [the scan]. Yeah, I started the ball roll-
ing when I realized this wasn’t going to be getting better” 
(non-Hispanic White person with cognitive impairment, 
elevated amyloid). However, the level of urgency to 
document preferences did not align clearly with the 
scan results, with many participants reporting advance 
directives written decades before experiencing memory 
issues: “It was just what you do when you get old” (non-
Hispanic White care partner, elevated amyloid); “One 

Table 3 Descriptive characteristics of participants in follow‑up in‑depth qualitative interviews, N = 100

N/A not applicable, N/R not reported because of small cell numbers
a Percentages may not add to 100% because of missing values

Persons with Cognitive Impairment N = 38 Care 
Partners 
N = 62

Number of Paired Person with cognitive impairment/Care Partner Dyads in 
Sample n (%)a

30 (78.9) 30 (48.4)

Age
 Below 65 N/A 15 (24.2)

 65‑74 30 (78.9) 32 (51.6)

 75+ N/R 15 (24.2)

Gender
 Men 25 (65.8) 15 (24.2)

 Women 13 (34.2) 47 (75.8)

Marital Status
 Married / Cohabiting 33 (86.8) 59 (95.2)

Race / Ethnicity
 Non‑Hispanic, White 25 (65.8) 34 (54.8)

 African American, Hispanic or Other 12 (31.6) 28 (45.2)

Education
 Bachelor’s degree or less 13 (34.2) 32 (51.6)

 Graduate degree 24 (63.2) 27 (43.5)

Person with cognitive impairment’s β‑Amyloid Results
 Elevated 21 (55.3) 34 (54.8)

 Not elevated 17 (44.7) 28 (45.2)

Person with cognitive impairment’s Diagnostic Category
 Mild Cognitive Impairment 35 (92.1) 49 (79.0)

 Dementia N/A 13 (21.0)

Person with cognitive impairment’s Advance Directive
 Reported 29 (76.3) 49 (79.0)
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thing we have done, is not only because of the scan, but 
because of general awareness, that we are taking care of 
our will, advance directives” (care partner of other race/
ethnicity, not elevated amyloid). On the other hand, as 
demonstrated in Table 4, some care partners to persons 
with elevated amyloid were not yet concerned enough 
to complete an advance directive: “It’s in the back of our 
minds, not enough to go forward. I think as each year 
passes, we’re more concerned with that. But we have 
talked about it a little bit, yes” (care partner of other race/
ethnicity, elevated amyloid). As illustrated in Table  4, 
the scan results provided some certainty about how 
severe memory issues could become, prompting them to 
update documentation: “Well, we know what we’re deal-
ing with. We made sure, we already had wills and things, 
but we made sure to update them” (non-Hispanic White 
care partner, elevated amyloid). Even in light of elevated 
amyloid, other comorbid conditions and participants’ 
overall age and health were mentioned as drivers of the 
need to plan for the future: “At the same time, they diag-
nosed me with Alzheimer’s, I was diagnosed with breast 
cancer. I just feel like whichever takes me first, I’ll go. I 
would not like to drag on for years” (person with cogni-
tive impairment, non-Hispanic White). The level of cer-
tainty about the progression of memory issues, comorbid 
conditions, and previous experience caring for a dying 
person, all shaped participants’ perceived urgency to 
plan for the future. Many reported having seen first-hand 
the challenges that come with a person dying without 
their loved ones having a clear sense of their preferences 
and expressed a desire to avoid inflicting this on their 
families:

“It’s all done, crossed Ts and dotted Is. I mean, she 
has the will, estate, trust, funeral arrangements, eve-
rything’s made. I have copies of everything and deeds 
are signed to transfer property. [...] I’ve seen the other 
side of it where there was no planning and it was just 
a nightmare” (non-Hispanic White care partner, not 
elevated amyloid).

The nature of participants’ healthcare preferences 
appeared to be affected by the scan results, whereby 
those with elevated amyloid envisioned extensive cog-
nitive impairment and dependency when expressing 
care preferences: “What he would want is, he wants to 
die before his brain dies. It’s how he puts it. He hopes to 
die of something else [for] which isn’t easy to plan for” 
(non-Hispanic White care partner, elevated amyloid). 
Descriptions of the future were less focused on deterio-
rating cognition among persons whose test results did 
not confirm elevated amyloid, as shown in the excerpt 
in Table  4: “I don’t expect him to have Alzheimer’s or 
to have mental problems that get worse. I simply do not 

expect it, but if they did, then we would have to dis-
cuss it then” (non-Hispanic White care partner, not 
elevated amyloid). Advance directives also empowered 
participants to set boundaries around their future care, 
something that was very important to them: “I’m still 
functioning well, or good enough anyway. But yeah, I 
know where that boundary is, and if my pacemaker ran 
out of... I’ve got about seven years of battery left on the 
current pacemaker, and unless I’m doing really well, 
I’m not going to get the battery replaced” (person with 
cognitive impairment with elevated amyloid, Hispanic 
White). These boundaries also included clarifying the 
care they did want to receive: “Other cancers or some 
illness that is treatable and I still have reasonably good 
cognition, I would pursue that. I’m not going to give up 
saying, ‘Well, I got an amyloid scan. Therefore I want to 
give up any kind of medical treatments’. No, no, I want 
to live as long as I can” (non-Hispanic White person 
with cognitive impairment, elevated amyloid). Several 
participants also reported acceptance of the potential 
progression of Alzheimer’s and other disease processes: 
“I’ve had a good life. I have nothing to complain about. 
And I’m going to be [over 85 years old] next month. I 
think I lasted longer than I was supposed to. No com-
plaints. You can’t wish that you’re going to live forever. 
Not going to happen” (non-Hispanic White, person 
with cognitive impairment, elevated amyloid).

When describing the context of completing advance 
directives, participants mentioned pre-existing skills 
and knowledge, the cost of hiring professionals to doc-
ument plans, the availability of resources such as books, 
websites, or accountants, the state frameworks guiding 
these documents, and the availability of trusted persons 
to designate as surrogate decision-maker. These cir-
cumstances were not specific to planning for a future 
with memory issues, and barriers such as excessive 
costs were reported by members of underrepresented 
races and ethnicities, as shown in Table 4: “I’m waiting 
to get some money from my 401k so I can pay for the 
attorneys to do this. It’s so expensive” (person with cog-
nitive impairment, Hispanic White, elevated amyloid). 
Several participants had been healthcare profession-
als for decades and were well aware of the importance 
and intricacies of advance care planning: “I’ve been a 
nurse for [a long time], and I’m very familiar with final 
wishes” (Black / African American care partner, not 
elevated amyloid). A number of participants reported 
not yet having engaged in formal advance care planning 
and expressed a desire for their medical provider to be 
involved in this process: “No, we don’t have to yet [plan 
for future]. We will. We will, with our family’s physician 
when we discuss this” (Black / African American care 
partner, elevated amyloid).
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Discussion
Main findings
As amyloid PET scans become an increasingly common 
diagnostic tool for Alzheimer’s disease, we sought to bet-
ter understand the influence of scan results on the like-
lihood of having an advance directive among Medicare 
beneficiaries with memory issues of unknown etiology. 
We found that over 80% of participating dyads reported 
that the person with cognitive impairment had an 
advance directive at the time of the CARE-IDEAS tele-
phone survey interview, with over three-quarters report-
ing concordant answers within dyads. We found no 
significant association between the likelihood of having 
an advance directive and either diagnostic category or 
scan results. This lack of association may be because we 
only assessed the presence of an advance directive; par-
ticipants who already had one may still have been more 
likely to update or discuss it with healthcare providers 
and next of kin. Our sample also consisted of sympto-
matic older adults who likely had other neurodegenera-
tive conditions even in the absence of elevated amyloid, 
which would likely prompt advance care planning. Addi-
tionally, participants in qualitative interviews considered 
wills, trusts, funeral arrangements and long-term care 
insurance under the umbrella of planning for the future, 
confirming the ambiguity of this terminology. Concord-
ance between self-reported completion of advance direc-
tives and their presence in health records has also been 
found to be low in prior research [32]. There has been 
considerable debate about the best process and outcome 
measures to capture the complexity of planning for the 
future among older adults with life-limiting illnesses [33].

Having an advance directive in our sample was signifi-
cantly associated with sociodemographic characteristics 
(75-84 age, male persons with cognitive impairment 
and female care partners, non-Hispanic White race/
ethnicity, and higher education level), and was more 
common than the approximately 30% completion rate 
found in the general US population [34]. This differ-
ence is likely attributable to a high level of education 
among our participants, and to some extent their health 
status, although adults with chronic conditions do not 
appear to have much higher rates of advance directives 
nationally (38.2% compared to the general population 
rate of 32.7%) [34]. Minority race and ethnicity have 
been recurrently associated with lower rates of engag-
ing in advance care planning [18, 26]. White race and 
high education levels have been associated with higher 
likelihood of advance care planning documentation in 
previous work among persons with different levels of 
cognitive impairment [18, 27].

The qualitative results of this study provide additional 
insight into how participants make sense of amyloid PET 

scan results and the perceived relevance of this informa-
tion in planning for the future and documenting their 
healthcare preferences. Our findings reveal differing lev-
els of perceived urgency to plan for the future, which did 
not align clearly with amyloid PET scan results, thereby 
confirming our quantitative findings. Participants dis-
cussed this urgency in light of their overall health and 
comorbid conditions, their previous experiences car-
ing for someone at the end of life, and their certainty 
or uncertainty about the future. Amyloid scan results 
seemed more relevant to participants when explain-
ing their evolving healthcare preferences and how they 
expected to cope with progressing illness. Advance direc-
tives also empowered them to set boundaries about the 
care they did and did not want. These findings resonate 
with previous research that identified finding the “right 
time” as a major challenge to engaging in advance care 
planning among persons with dementia [14, 16–19]. The 
nature of amyloid PET scan results disclosure discussions 
may have varied widely across participating sites’ routine 
practices and has not been studied extensively to date 
[35], highlighting the uncertainty as to how advance care 
planning discussions can be or are integrated into clinical 
practice. Grappling with the looming threat of diminish-
ing capacity is a distinguishing feature of advance care 
planning for persons with dementia that was also per-
vasive in our data [13]. Participants discussed a range 
of resources and potential barriers to engaging in the 
process of documenting healthcare preferences, most of 
which were not unique to dementia care and can contrib-
ute to explanations of sociodemographic disparities in 
completion of advance directives in our sample and the 
larger population.

Although much research and funding has focused on 
increasing rates of advance directive completion, the 
overall evidence supporting the effectiveness of advance 
directives themselves remains mixed. A review of 80 
systematic reviews comprising 1660 studies offered lim-
ited and low-quality evidence that advance directives 
and advance care planning positively affect outcomes 
[36]. Despite the uncertainty as to the value of advance 
directives and advance care planning overall, systematic 
reviews demonstrate that among persons with demen-
tia specifically, advance care planning is associated with 
improved end-of-life outcomes, from decreased hospi-
tal admissions to improved concordance and decreased 
emotional distress for persons with dementia [11, 37]. 
However, critics of advance care planning as a field and 
advance directives as a tool argue that there is grow-
ing evidence of limited impact on clinical, financial, 
and patient satisfaction outcomes [33, 38]. These criti-
cisms target advance care planning in older adults gen-
erally, and persons with cognitive impairment and their 
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care partners may have unique needs and experiences. 
Alzheimer’s disease is a progressive, terminal illness, 
and advance directives support persons with cognitive 
impairment when they are no longer able to make deci-
sions for themselves, in addition to potentially reducing 
decisional conflict and supporting care partners as they 
become surrogate decision-makers [13, 39].

What this study adds: implications for healthcare practice 
and directions for future research
Given that considerable uncertainty remains about both 
the progression of Alzheimer’s disease even in the pres-
ence of elevated amyloid, and the efficacy of pharma-
cological interventions targeting this biomarker [40], 
determining the role of amyloid PET scan in preparing 
scan recipients and their care partner for the future is 
arguably a very important aspect of its potential clinical 
value. Our results suggest that although elevated amy-
loid prompted participants to consider progressive cog-
nitive impairment as part of their evolving healthcare 
preferences, there was still substantial variability in the 
perceived urgency of documenting these preferences. As 
we strive to provide increasingly goal-concordant care 
for persons with dementia, there is growing recognition 
that healthcare preferences toward the end of life are 
not static and are influenced by a myriad of factors, and 
that there are limitations to what advance directives can 
achieve to support persons with cognitive impairment 
and their care partners during a complex and emotionally 
laden time [33]. While an amyloid PET scan may provide 
persons with cognitive impairment and their care part-
ners with valuable information about the risk of progres-
sive memory impairment, additional research is needed 
to determine how the general shift to using biomarkers 
to diagnose Alzheimer’s disease will affect advance care 
planning and end-of-life care outcomes more broadly.

Strengths and limitations
This study has some weaknesses. Based on previously 
documented rates of advance directive completion in the 
general population with and without chronic conditions 
[34], we estimated that with an enrollment ratio of 2.2 
persons with elevated amyloid for each person with not 
elevated amyloid in the CARE-IDEAS sample, a larger 
sample size of 2774 participants would have been nec-
essary for 80% power to detect a statistically significant 
difference of 5.5% (at alpha = 0.05). The CARE-IDEAS 
sample was also less diverse and more highly educated 
than the US population, potentially explaining very high 
levels of advance directives in our findings. However, we 
oversampled racial/ethnic minority participants for the 
qualitative follow-up work in an attempt to capture a 
broader range of experiences and to hear the perspectives 

of groups particularly at risk of cognitive impairment. 
Advance directives were assessed with a single item that 
did not allow us to examine the timing of their comple-
tion, and using a more standard measure such as the ACP 
Engagement Scale would have improved the generaliza-
bility of the quantitative findings [41]. However, in-depth 
narratives about planning for the future suggest that 
there are many other meaningful activities in the process 
of advance care planning that may have been influenced 
by the scans, such as revisiting plans as one’s health and 
social network change, updating written documents, and 
discussing preferences with trusted persons and potential 
surrogates, and the qualitative nature of the interviews 
allowed participants to describe their engagement with 
the aspects that they found meaningful. We have limited 
information as to the exact content of clinical discussions 
between patients and their providers discussing the amy-
loid PET scan results and how these specific discussions 
may have prompted advance care planning. We also com-
pleted the quantitative survey work before the coronavi-
rus pandemic, while in-depth interviews were conducted 
by telephone at times during serious infection waves, 
which may have shaped participants’ perceptions of the 
need to plan for the future and to document their health-
care preferences. The study nonetheless has notable 
strengths, including a mixed-methods research design 
that gives a voice to healthcare users. The focus on symp-
tomatic participants with memory issues of unknown eti-
ology also increases the clinical relevance of our findings 
given that they represent a likely target population for 
amyloid screening in clinical practice, beyond enrollment 
in disease-specific trials [7].

Conclusions
In this sequential, mixed-methods research study, persons 
with cognitive impairment with elevated amyloid were not 
more likely than those without elevated amyloid to report 
an advance directive, although the qualitative data sug-
gest that expectations of progressive memory issues still 
shaped their healthcare preferences. There remained sub-
stantial variability in the perceived urgency of document-
ing these preferences on the basis of participants’ overall 
health and their previous experiences with end-of-life care. 
There were also notable racial and ethnic disparities in 
having advance directives and in the resources available to 
support this documentation process.
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