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Abstract

INTRODUCTION—Disclosing amyloid status to cognitively normal individuals remains
controversial given our lack of understanding the test’s clinical significance and unknown
psychological risk.

METHODS—We assessed the effect of amyloid status disclosure on anxiety and depression
before disclosure, at disclosure, and 6-weeks and 6-months post-disclosure and test-related distress
after disclosure.

RESULTS—Clinicians disclosed amyloid status to 97 cognitively normal older adults (27 had
elevated cerebral amyloid). There was no difference in depressive symptoms across groups over
time. There was a significant group by time interaction in anxiety, although post-hoc analyses
revealed no group differences at any time point, suggesting a minimal non-sustained increase in
anxiety symptoms immediately post-disclosure in the elevated group. Slight but measureable
increases in test-related distress were present after disclosure and were related to greater baseline
levels of anxiety and depression.

DISCUSSION—Disclosing amyloid imaging results to cognitively normal adults in the clinical
research setting with pre- and post-disclosure counseling has a low risk of psychological harm.
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1 Introduction

2 Methods

Molecular imaging techniques allow the /n vivo detection of amyloid plaques in the brain, a
hallmark neuropathological feature of Alzheimer’s disease (AD) [1]. This technique has
stimulated a new era of prevention studies focused on the 20 — 40% of cognitively normal
adults who have evidence of cerebral amyloid deposition at levels similar to those observed
in people with AD [2-5].

The clinical relevance of the presence of amyloid plaques in the absence of cognitive
symptoms remains imprecisely defined at the individual level. Early studies are mixed [6]
but suggest cerebral amyloid is associated with greater mean rates of cognitive decline [3, 7,
8] and brain atrophy [9,10] at a group level. Additionally, the odds of developing AD over
time are higher for those with an elevated amyloid level compared to those with non-
elevated cerebral amyloid [11]. Not all individuals with cerebral amyloid, however, progress
to dementia. Currently, precise estimates of the magnitude and timeframe for future risk of
dementia are not available although imaging and pathological studies suggest plaques may
accumulate up to 10 to 15 years prior to the onset of clinically recognized dementia [12].

Prevention trials are increasingly leveraging this potential window of opportunity using
amyloid imaging to enrich a clinical trial sample with individuals at higher risk of
developing AD. Based on trial design, these studies necessitate disclosing amyloid PET
results to the individuals enrolled, raising ethical and safety issues. The psychological and
behavioral impact of amyloid PET disclosure is currently not well described [13]. One small
study [14] of only 4 participants found no evidence of deleterious psychological effects.
Other survey-based studies of individuals who had not been scanned suggested some may
use the information to plan ending their life [15-16]. Thus, understanding the psychological
impact of disclosing amyloid imaging results to cognitively normal adults remains
important.

We examined the safety and tolerability of disclosure in an ongoing study testing the effects
of exercise on cognitively normal individuals with elevated cerebral amyloid (the University
of Kansas Alzheimer’s Prevention through Exercise [APEX] Trial). We assessed measures
of anxiety, depression, and distress at baseline, day of disclosure, and at 6-weeks and 6-
months post-disclosure.

The APEX study is a randomized trial examining the effects of aerobic exercise on AD
biomarkers (amyloid burden and MRI volumetrics) and cognitive decline in cognitively
normal older adults 65 years and older (NCT02000583) conducted at the University of
Kansas Alzheimer’s Disease Center. Participants are screened with amyloid PET imaging
and those with elevated cerebral amyloid are randomized to 52 weeks of aerobic exercise vs.
a stretching/toning control intervention (2:1 ratio) conducted under supervision at
community based exercise facilities. For this study, we used data collected on the first n =
101 participants who were screened with amyloid PET imaging and completed.
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Participants complete a standard in-person clinical and cognitive evaluation through the
University of Kansas Alzheimer’s Disease Center to exclude dementia or mild cognitive
impairment. A trained clinician completes a Clinical Dementia Rating (CDR) [17-18] and a
psychometrician performs a neuropsychological test battery. Clinical and cognitive data are
reviewed at a consensus diagnostic conference and cognitively normal participants are
defined as having a CDR 0 and no clinically significant deficits on neuropsychological
testing. Participants are also required to be sedentary or underactive based on the Telephone
Assessment of Physical Activity [19] (score of 4 or less) and willing to participate in a 52
week exercise intervention. Family history of dementia was ascertained by participant self-
report of late-life cognitive impairment or behavior change in a first degree relative
(National Alzheimer’s Coordinating Center Uniform Data Set, version 2 and 3) [20].
Exclusion criteria included clinically significant depression or anxiety per clinician
impression or as indicated by exceeding cut points on the Geriatric Depression Scale [21]
(GDS = 5) or Beck Anxiety Index [22] (BAI > 16). Participants meeting these criteria
proceed to florbetapir PET scanning to screen for those with elevated amyloid who are
eligible for enrollment into the one-year exercise trial. All participants provide institutionally
approved informed consent prior to participating.

2.1 Disclosure Process

Florbetapir PET scanning and disclosure involves three in-person visits (pre-scan counseling
visit, amyloid PET scanning visit, and disclosure visit) and 6-week and 6-month follow up
surveys by email or phone.

2.1.1 Pre-Scan Counseling—~Participants are provided a detailed Participant Guide (see
supplementary material) for review at home prior to their pre-scan counseling session. The
guide provides information on AD, amyloid, amyloid imaging and the possible results of
amyloid imaging. An in-person counseling visit is conducted to discuss the amyloid PET
scan, possible results (elevated vs. non-elevated), limitations of the scan (it is not a
diagnostic test), and to ensure the participant remains interested in obtaining the scan and
learning the result. A clinician meets with the participant, reviews the Participant Guide, and
answers questions. We developed general talking points (see supplementary material) which
provide the clinician with an outline for guiding the discussion. First, the clinician discusses
known AD risk factors of age, family history, and modifiable AD-related risk factors (i.e.,
cardiovascular-related risk factors) and introduces the concept of amyloid PET scanning as a
risk factor for developing AD. Next, amyloid is explained as something present in those with
AD and about 1/3 of those age 65 and older without evidence of cognitive decline. The two
possible results (elevated vs. non-elevated) are next explained. An elevated result is
explained to mean an individual is at higher risk of developing AD, stressing that this does
not mean an individual will develop AD or has AD currently. A result of non-elevated
indicates a lower risk, but not without risk, of developing AD. Additionally, we stress this is
a new technique and that false positives and false negatives are possible. Scan results are not
shared with the participant’s physicians or entered into the medical record.

2.1.2 Amyloid Imaging and Scan Interpretation—PET images are obtained on a GE
Discovery ST-16 PET/CT scanner after administration of intravenous florbetapir F-18 (370
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MBq). Two PET brain frames of five minutes in duration were acquired continuously,
approximately 50 minutes post-injection of the florbetapir. Frames were then summed and
attenuation corrected prior to interpretation. MIMneuro software (MiM Software Inc,
Cleveland, OH) quantitatively normalized the amyloid-g PET image to the entire cerebellum
to calculate the Standard Uptake Value Ratio (SUVR) for six regions of interest (ROIs):
anterior cingulate, posterior cingulate, precuneus, inferior medial frontal, lateral temporal,
and superior parietal cortex. Three trained raters reviewed the visual images, the quantitative
SUVR ROI data, and MIMneuro-generated cortical projections of amyloid burden (z-scores
comparing the SUVRs to an SUVR map of 74 individuals (48 males, 26 females) between
the ages of 18 — 50) to assess the scans as “elevated” or “non-elevated”, incorporating both
visual and quantitative information into their assessment. The final determination of elevated
or non-elevated is determined by majority (i.e., = 2 raters in agreement).

2.1.3 Disclosure Visit—Participants return for an in-person disclosure session with
attempts to maintain continuity with the same clinician who performed pre-scan counseling.
This visit is structured similar to the pre-scan counseling visit. We review the purpose of the
scan to detect amyloid and the potential results using the same general talking points, fully
describing the meaning of both an elevated and non-elevated scan, regardless of the result.
After answering any questions, the result is disclosed followed by another thorough
explanation of the meaning of that result using similar language and talking points.

2.2 Outcomes

We obtained outcome measures of depression and anxiety at pre-scan counseling visit,
disclosure visit, and 6-weeks and 6 months post-disclosure using the Center for
Epidemiological Studies of Depression Scale [23] (CES-D) and the BALI. This approach was
modeled on that used by the REVEAL study [24]. We also assessed the psychological
impact of disclosure at 6-weeks and 6-months using a modified version of the distress
subscale (12 items) from the Impact of Genetic Testing for Alzheimer’s Disease (IGT-AD)
[25]. We modified the test response options for the IGT-AD from the original (0, 1, 3, and 5)
to include the full range (0, 1, 2, 3, 4, and 5) to create a more broad response approach
across the various surveys given during the same session. At in-person visits, participants
completed these evaluations on a computer after being provided with instructions from a
coordinator who was also available if questions arose. At 6-weeks and 6-months,
participants were emailed a link to complete identical computerized forms at home. If a
clinically-relevant increase in depressive and anxiety symptoms was observed by the
clinician or scores increased on the CESD more than 10 points or on the BAI more than 15
points a licensed psychologist was available for follow up as needed.

2.3 Statistics

Group differences (amyloid elevated vs. non-elevated) in demographic and descriptive
variables were examined using t-tests and chi-square tests of independence. Independent-
samples ttests were used to test for group differences in age, education, Mini-Mental State
Exam, anxiety, depression, and total distress by amyloid status. Repeated measures ANOVA
were used to assess for group differences in how levels of anxiety symptoms (BAI) or
depression (CES-D) changed over time. Significant interaction terms were explored with
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post-hoc group comparisons at each timepoint. Effect sizes (Cohen’s d) were calculated at
each timepoint for BAl and CES-D. Mann-Whitney U tests were used to test for group
differences for the summary and individual items on the IGT-AD distress scale. Finally, we
assessed the relationship of baseline depression and anxiety to post-disclosure distress using
Spearman rank correlation in the overall group combined. All analyses were conducted
using SPSS (version 24).

3.1 Demographics

We examined data from 101 consecutive participants. One participant was excluded at
screening for exceeding our upper limit on depressive symptoms (GDS score greater than 5).
Three participants withdrew from the study after pre-scan counseling with the clinician that
suggested they had increased anxiety and concern about learning their test results. The
remaining 97 individuals had amyloid PET scans and were included in analyses (Table 1).
Of these, 27 participants (28%) had elevated amyloid. The sample was well-educated and
predominately Caucasian. There were no significant differences for age, education, sex,
race, or family history of dementia by amyloid status.

3.2 Depression and Anxiety

Means and standard deviations for the BAl and CES-D for each study visit are presented in
Table 1 and illustrated in the Figure. Depressive symptoms were stable across visits and not
different between groups (F (3, 270) = 0.97, p = 0.40). Analyses of anxiety indexed by BAI
suggest a slight but significant group difference in change in anxiety symptoms over time (F
(3, 270) = 3.14, p = 0.03) that visually appeared to peak at disclosure for elevated
individuals. However, post-hoc analyses revealed no group differences at any time point (p >
0.2) suggesting minimal differences in anxiety due to disclosure of elevated or non-elevated
status (Cohen’s d range from 0 to 0.15). The mean BAI at disclosure for the amyloid
elevated group was 4.3 points, within the minimal anxiety range for the BAI [22]. Three
individuals had increases in depressive symptoms (change in CES-D > 10) triggering
contact, per protocol, from the study’s clinical psychologist. Two of these individuals had
non-elevated cerebral amyloid and were without a family history of dementia. One
individual had elevated amyloid and a family history of dementia. In all three cases, the rise
in reported psychological symptoms was related to personal affairs unrelated to disclosure
(e.g. death or serious illness in friends or family). One of these individuals was referred to
clinical psychologist for behavioral support and grief counseling.

3.3 Disclosure-Related Distress

Individuals with elevated amyloid had higher total levels of test-related distress as measured
by the IGT-AD scale (Table 2) compared to the non-elevated amyloid group at 6-weeks
(U=422.5, p < 0.001) and 6-months (U=564.5, p < 0.015) after disclosure. Small differences
were observed across groups for the majority of the individual items of the scale although
item level differences were small with mean values for elevated amyloid participants
generally below 1.0 (corresponding to “very rarely” endorsing these symptoms). At 6
months, 84.6% (n = 22 of 26 with complete data) reported “never” regretting obtaining their

Alzheimers Dement. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burns et al.

Page 6

test result with n = 2 reporting “very rarely” and n = 2 “infrequently” reporting “regret”; no
one reported “sometimes” or more often regretting obtaining their test result. Across the 12
IGT-AD items at 6 months, 95.2% of all responses from amyloid elevated participants
suggested “infrequent” or less concern for test-related distress symptoms (compared to
97.6% of the amyloid non-elevated group). Only 2 amyloid-elevated participants reported
“frequent” concerns on any item: n = 1 for item 6 “worry about risk of AD” and n = 1 for
item 9 “frustration about lack of AD prevention guidelines”. Item-wise IGT-AD scores for
all participants can be found in Supplementary Table 1.

3.4 Baseline Anxiety and Depression as Predictors of Distress

We also examined whether anxiety and depression at baseline (before disclosure) were
related to total distress as measured by the IGT at 6-weeks and 6 months in the overall group
combined. Baseline anxiety predicted total distress at 6 weeks (r = 0.28, p = 0.008) and 6
months (r = 0.356, p < 0.001). Baseline depression symptoms were marginally associated
with distress at 6 weeks (r = 0.201, p = 0.055) and moderately correlated at 6 months (r =
0.312, p = 0.002).

4 Discussion

Disclosing amyloid PET results to cognitively normal older adults in the clinical research
setting appears to be safe and well-tolerated. We observed no effects of disclosure on
depressive symptoms while anxiety symptoms peaked at a low level on the day of disclosure
but were not sustained at 6-weeks or 6 months. Measures of test-related distress was slightly
higher in those with elevated amyloid compared to amyloid non-elevated participants but
these effects were small with 95.2% of all responses for the amyloid elevated group at a
level of infrequent, rare, or never occurring. No amyloid elevated participants regretted
obtaining their amyloid PET imaging result at a level of sometimes or more. Thus,
disclosing amyloid status to cognitively normal older adults provokes minor increases in
anxiety and test-related distress that are mild and well-tolerated over 6 months.

Our data demonstrates that our process for disclosing amyloid imaging results to cognitively
normal older adults in a clinical research setting is generally safe. Our process is similar to
other disclosure methods for individuals with mild cognitive impairment [26] and the large,
multi-site Anti-Amyloid Treatment for Asymptomatic Alzheimer’s Disease (A4) trial,
though it should be noted that our methods and the language in our Participant Guide were
provided to the A4 study team as they developed their methods [27]. Key elements of the
process include providing participants with written materials prior to enrollment followed by
pre-scan counseling and day of disclosure counseling. We pay careful attention to the
language used in our written materials and during counseling to frame and conceptualize the
results for participants. We developed talking points (see supplementary material) that are
used to guide three largely redundant discussions that occur at 1) pre-scan counseling, 2) just
prior to disclosure, and 3) again immediately after disclosure. These talking points
conceptually frame the imaging results as a risk factor for an elevated risk of developing AD
over time rather than as a diagnostic test. We repetitiously stress key points such as an
elevated test result does not mean one has AD nor will someone with elevated amyloid
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definitively develop AD. Additionally, we are careful to refer to the two possible results
throughout our written and spoken language using the terms “elevated” or “non-elevated”
rather than as “positive” or “negative” given potential for confusion in interpreting
“positive” as beneficial and “negative” as unfavorable.

Our data suggest that personality features such as baseline levels of anxiety (BAI) and
depression (CES-D) may play a role in how individuals interpret and react to complex health
information. We found that higher levels of anxiety and depression at baseline were
modestly predictive of higher levels of test-related distress at follow-up. Although this initial
report is focused on safety and tolerability, we are currently assessing how well amyloid
imaging information is understood and retained, an especially important issue as a prior
survey-based study suggests that up to 32.6% of individuals failed to understand basic
information regarding the meaning of biomarker tests [15].

Our methods also include screening for anxiety and depression prior to enrollment using
both clinician judgment and formal assessments of depression (CES-D) and anxiety (BAI).
Four individuals who were enrolled into the study withdrew after discussions with the
clinician (n = 3) or were excluded based on exceeding the cut point for depressive symptoms
(n = 1). The three participants who withdrew scored within the acceptable range on the CES-
D and BAI but their interaction with the clinician uncovered anxiety and concern about
learning their test results, underscoring the importance of the clinical interaction and
clinician judgment, which cannot be replaced by survey-based instruments. Though we did
not formally collect data on study partners or require their presence during counseling
sessions, we believe it is important to encourage their inclusion in the disclosure process. We
had at least one potential participant who declined screening due to the views of his wife
“not wanting to know.” Thus, attention to the views of family members and their
understanding of the meaning of the test should not be overlooked.

The study is limited by a select research sample of older adults willing and able to
participate in a one-year exercise trial. This significantly limits the generalizability of the
study results. As a result, although our data support the position that disclosing amyloid PET
results is safe in a clinical research setting, we do not believe our data extend to a broad
clinical setting for cognitively normal older adults interested in risk assessments, consistent
with our prior recommendations [28]. Additionally, Appropriate Use Criteria [29]
recommend amyloid imaging for individuals with mild cognitive impairment or dementia of
unclear etiology or atypical course. Until effective prevention strategies are proven and
widely available, we believe disclosure of amyloid PET results in cognitively normal older
adults should remain confined to the clinical research population. An additional limitation
that affects the generalizability of these results is that the majority (24 of 27) of amyloid
elevated participants were enrolled in a one-year exercise trial after receiving their amyloid
PET results. Anxiety symptoms appear to drop somewhat at 6 weeks and 6 months
compared to symptoms observed on the day of disclosure. It is possible that enrolling into a
one-year exercise trial may provide some relief to participants as they take action against
their apparently increased risk. Further studies of whether having elevated amyloid provides
motivation to change healthy behaviors is ongoing in our study. Our study is also limited by
a lack of information on suicidal ideation, which is a potential negative outcome reported in

Alzheimers Dement. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burns et al.

Page 8

other survey based studies of risk disclosure [15]. Lastly, our sample size of those with a
family history of dementia was small and precluded in-depth analyses of the role family
history may play in driving psychological response to disclosure.

Our knowledge of the clinical relevance of amyloid PET will evolve quickly and lead to
more precise risk estimates for individuals. As these changes occur, the research field should
continue to assess the ethical and behavioral implications of research disclosure and work to
carefully manage how this risk information is presented safely and effectively. This will be
especially important until effective prevention strategies are developed and proven to impact
an individual’s long-term risk. Currently, our data suggest that amyloid imaging results can
be conveyed safely to individuals participating in clinical research studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Disclosing amyloid PET results to cognitively normal older adults in the
clinical research setting appears to be safe and well-tolerated.

. Anxiety may transiently increase immediately upon disclosure of amyloid
status but is not sustained.

. Disclosure rarely resulted in clinically significant changes in anxiety or
depression.

. Post-disclosure distress is related to baseline levels of depression and anxiety
symptoms.
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Research in Context

Systematic review: Literature was reviewed using PubMed and revealed few
studies examining the psychological impact of disclosing amyloid imaging
results to cognitively normal older adults.

Interpretation: We examined the psychological impact of disclosing amyloid
imaging results using self-reported measures of depression, anxiety, and
distress. Results showed no effect on depressive symptoms and a small peak
in anxiety symptoms on the day of disclosure that was not sustained 6-weeks
and 6-months later. Small elevations in test-related distress were present at 6-
weeks and 6-months and were predicted by higher baseline depression and
anxiety symptoms. This study supports the safety and tolerability of
disclosing amyloid imaging results in the setting of clinical research.

Future Directions: As knowledge of the clinical relevance of amyloid PET
evolves, the research field should continue to assess the ethical and behavioral
implications of disclosure to manage how this information is presented safely
and effectively.
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Figure 1. Anxiety and Depression Symptoms Before and After Disclosure
Data at baseline, immediately post-disclosure (day of disclosure), and 6-weeks and 6 months

post disclosure on the Center for Epidemiologic Studies Depression (CES-D) scale (Panel
A) and the Beck Anxiety Inventory (BAI; Panel B). There was no difference in depressive
symptoms across groups over time. A minimal increase in anxiety symptoms was apparent
immediately post-disclosure in the amyloid elevated group but was not sustained over time.
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Descriptive Statistics

Table 1

Age, years
Education, years
Female, N (%)
Caucasian, N (%)
Hispanic, N (%)
Family History, N (%)
MMSE

STAI

BAI Pre-Scan
BAI Disclosure
BAI 6 Weeks

BAI 6 Months
CES-D Pre-Scan
CES-D Disclosure
CES-D 6 Weeks
CES-D 6 Months

Amyloid Elevated (N = 27)

73.1(4.8)
16.2 (3.0)
14 (51.9%)
27 (100%)
0 (0%)
3 (11.1%)
29.2 (0.9)
33.9 (5.5)
37(3.1)
43 (4.6)
26(2.9)
2.6(3.0)
3.7(45)
40 (5.4)
25(2.1)
37(43)

Amyloid Non-Elevated (N = 70)
71.2 (5.7)
16.8 (2.4)

45 (64.3%)
67 (95.7)
1 (1.4%)

11 (15.7%)
29.1(1.2)
33.8(5.3)
3.7 (4.0)
3.7(3.6)
3.5(4.1)
3.6 (4.2)
3.4 (4.1)
4.0 (4.2)
3.9(5.2)
42 (4.4)
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All values are means (SD) unless otherwise noted. Family history reported by participant includes any cognitive or behavioral change in biological
parents, full siblings and biological children. No differences were observed across groups (all p values > 0.05). MMSE = Mini-mental State Exam;

BAI = Beck Anxiety Inventory; CES-D = Centers of Epidemiologic Studies Depression Scale

Alzheimers Dement. Author manuscript; available in PMC 2018 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Burns et al.

Table 2
IGT-AD Distress Subscale Statistics
6 Weeks 6 Months

Item Non-Elevated Elevated Non-Elevated Elevated
Upset about my test results 0.10 (0.60) 0.60 (1.04)7  0.09(0.41) 0.31(0.62)°
Sad about my test result 007(0.40)  opa(r04) 7 006(038)  42(064) 7
Anxious about test result 0.06 (0.38) 0.56 (0.96) 7 0.03 (0.17) 0.35 (0.56) r
Perceived loss of control 0.22 (0.68) 0.24 (0.52) 0.29 (0.79) 0.31 (0.68)
Problems enjoying life because of test result 0.0 (0.0) 0.12 (0.44) * 0.0 (0.0) 0.08 (0.27) *
Worry about risk of AD 0.35 (0.66) 124(113) 7 043(0.78) 1.00 (1.20)*
Uncertain about what test means for my AD risk 0.26 (0.63) 1.00(1.38) 7 026(0.78) 0.69 (1.01) 7
Uncertain about what test means for children/family’s AD risk ~ 0.28 (0.70) g gg(1.01) 7  0.23(0.69) 077 (1.07) 7
Frustration due to lack of AD prevention guidelines 0.35 (0.78) 0.88 (1.13) * 0.39 (0.93) 0.92 (1.20) r
Concern regarding how test result will affect insurance status 0.07 (0.40) 0.20 (0.58) 0.09 (0.33) 0.04 (0.20)
Perceived difficulty talking about test result with family 0.01(0.12) 0.30 (0.76) s 0.04 (0.21) 0.17 (0.38)
Regret about getting test results 0.0 (0.0) 0.28 (0.68) 7 0.0 (0.0) 0.23 (0.59) r
IGT Distress Total 177(373)  717(854)  191(365) 59 (6.08)"
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Items scored on a 0 — 5 scale with 0= Never, 1 = very rarely, 2 = infrequently, 3 = sometimes, 4 = frequently, and 5 = very often. Mann-Whitney U
Tests used for individual items. Independent-samples #test used for IGT-Distress Total Score.

*
p<.05

fp <.01
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