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A B S T R A C T   

Background: Amyloid β (Aβ) is thought to initiate a cascade of pathology culminating in Alzheimer’s disease- 
related cognitive decline. Aβ accumulation in brain tissues may begin one to two decades prior to clinical 
diagnosis of Alzheimer’s disease. Prior studies have demonstrated that Aβ detected in vivo with positron emission 
tomography with amyloid ligands (amyloid-PET) predicts contemporaneously measured cognition and future 
cognitive trajectories. Prior studies have not evaluated the added value of Aβ measures in predicting future 
cognition when repeated past cognitive measures are available. We evaluated the extent to which amyloid-PET 
improves prediction of future cognitive changes over and above predictions based only on sociodemographics 
and past cognitive measures. 
Methods: We used data from participants in the University of California Davis Alzheimer’s Disease Research 
cohort who were cognitively normal at baseline, participated in amyloid-PET imaging, and completed at least 
three cognitive assessments prior to amyloid-PET imaging (N = 132 for memory andN = 135 for executive 
function). We used sociodemographic and cognitive measures taken prior to amyloid-PET imaging to predict 
cognitive trajectory after amyloid-PET imaging and assessed whether measures of amyloid burden improved 
predictions of subsequent cognitive change. Improvements in prediction were characterized as percent reduction 
in the mean squared error (MSE) in predicted cognition post amyloid-PET and increase in percent variance 
explained. 
Results: The base model using only sociodemographics and past cognitive performance explained the majority of 
variance in both predicted memory measures (55.6%) and executive function measures (74.5%) following 
amyloid-PET. Adding amyloid positivity to the model reduced the MSE for memory by 0.2%, 95% CI: (0%, 
2.6%), p = 0.48 and for executive function by 3.4%, 95% CI: (0.6%, 10.2%), p = 0.002. This corresponded to an 
increase in the percent variance explained of 0.1%, 95% CI: (0%, 1.2%) for memory and 0.9%, 95% CI: (0.1%, 
2.8%) for executive function. Similar results were obtained using a continuous measure of amyloid burden. 
Conclusion: In this cohort, the addition of amyloid burden slightly improved predictions of executive function 
compared to models based only on past cognitive assessments and sociodemographics. When repeated cognitive 
assessments are available, the additional utility of amyloid-PET in predicting future cognitive impairment may be 
limited.   

1. Introduction 

Amyloid β (Aβ) plaques in brain tissue are hypothesized to be a 

primary causative agent of neurodegeneration in Alzheimer’s disease 
(Hardy and Higgins, 1992; Hardy and Selkoe, 2002; Selkoe and Hardy, 
2016). Since the development of amyloid imaging probes for positron 
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emission tomography (PET) in the early 2000s (Agdeppa et al., 2001; 
Mathis et al., 2002), it has been possible to visualize amyloid plaques in 
vivo, as well as quantify total amyloid burden in the brain (Ikonomovic 
et al., 2008). This technology has enabled a better understanding of the 
etiology of Alzheimer’s disease: it is now known that Aβ accumulates in 
brain tissues beginning up to two decades prior to diagnosis and it is 
thought that Aβ initiates a cascade of pathology culminating in Alz-
heimer’s related cognitive decline (Jack et al., 2013). 

In the context of clinical applications, amyloid-PET imaging allows 
for the exclusion of the diagnosis of Alzheimer’s disease pre-mortem 
among individuals with dementia (Marcus et al., 2014), and may be 
useful in the development of therapies that specifically target amyloid 
(Vlassenko et al., 2012). However, the clinical value of amyloid-PET 
imaging data depends largely on its prognostic capability for outcomes 
of relevance to patients, such as memory complaints. 

Prior research shows an independent association between amyloid 
burden and cognition (e.g. Hanseeuw et al., 2019; Bouter et al., 2019), 
amyloid burden and cognitive decline (Doraiswamy et al., 2014; 
Donohue et al., 2017; Vemuri et al., 2015; Mormino et al., 2014; 
Bouallègue et al., 2017), as well as future mild cognitive impairment and 
Alzheimer’s disease diagnoses (Rowe et al., 2013). Most prior research 
includes individuals who are cognitively normal at baseline (e.g. Rowe 
et al., 2013; Donohue et al., 2017). While amyloid imaging remains 
primarily used in research settings and tau is a more proximal biomarker 
to cognitive decline (Nelson et al., 2012; La Joie et al., 2020), there is 
significant interest in determining whether amyloid is a reliable 
biomarker for cognitive decline. If amyloid-PET were such a biomarker, 
it would strengthen the justification for its use in clinical settings. Recent 
research has been oriented towards evaluating amyloid-PET’s prog-
nostic ability in clinical settings (e.g. Shea et al., 2018) and evaluating 
prognostic differences of various PET-imaging protocols (e.g. Morris 
et al., 2016). A large randomized trial is underway to evaluate the effects 
of incorporating amyloid-PET imaging into diagnostic criteria (Dubois 
et al., 2014). Early results of this trial indicate that in individuals with 
mild cognitive impairment or dementia of uncertain etiology, the use of 
amyloid-PET was associated with changes in clinical management 
(Rabinovici et al., 2019). 

However, much of the information that might be derived from Aβ 
may be accessible via simpler measures, such as past cognitive trajec-
tories (Leuzy et al., 2014). This possibility is consistent with recent 
findings that subtle cognitive deficits predict future changes in amyloid 
(Aschenbrenner et al., 2018). Because amyloid-PET imaging is expen-
sive, evaluating whether such imaging offers novel information that 
could not be attained via less costly methods is important (Leuzy et al., 
2014). Prior studies do not address the clinically relevant goal of pre-
dicting future changes in cognition when, in addition to multiple 
cognitive assessments, basic demographic characteristics are availa-
ble–information already typically available in a clinical setting. Such 
prognostic information is likely to be important to patients and family 
members and may inform clinical decision making. As amyloid-PET 
becomes more widely available, cognitively unimpaired older adults 
may seek out imaging to help understand subjective memory complaints 
or anticipate future cognitive changes (Langa and Burke, 2019). It is thus 
critical to evaluate whether amyloid-PET provides improved under-
standing of future cognitive change. In this context, understanding the 
prognostic capability of amyloid-PET is important. 

Using data from cognitively normal participants at baseline from the 
University of California Davis Alzheimer’s Disease Research Center (UC- 
ADRC) diversity cohort (Hinton et al., 2010), we evaluated whether 
measures of amyloid burden in the brain improved predictions of sub-
sequent cognitive measures beyond predictions based exclusively on 
prior cognitive assessments and demographic information. 

2. Methods 

2.1. Data Source and Measures 

The UC-ADRC cohort included 154 participants who were cogni-
tively normal at baseline and underwent amyloid-PET imaging during 
followup; study design has previously been described in detail (Han 
et al., 2020a). All individuals were cognitively normal at the time of 
amyloid-PET. In addition to clinic-based recruitment, a variety of 
community-based outreach methods were employed to obtain a racially 
and ethnically diverse group of participants, as well as participants with 
a range of educational backgrounds. All participants were over 60 years 
of age at enrollment; individuals with unstable major medical illness, 
major primary psychiatric disorder, or substance abuse or dependence in 
the last 5 years were excluded. Participants received a thorough multi-
disciplinary clinical evaluation which included detailed medical history, 
neurological examination, laboratory tests, and neuropsychological 
testing using the Uniform Data Set battery (Weintraub et al., 2009; 
Morris et al., 2006). Diagnosis of cognitive status (normal, MCI, or de-
mentia) was made according to standard criteria and methods (Morris 
et al., 2006). Participants received repeated assessments approximately 
yearly and the current analysis was restricted to individuals with at least 
three cognitive assessments. The amyloid-PET study was approved by 
the institutional review board at University of California Davis and all 
study participants provided written informed consent. 

Amyloid-PET imaging used [11C]Pittsburgh compound B (PiB) or 
Florbetapir (18F). PiB-PET images were completed at the Lawrence 
Berkeley National Laboratory on a Siemens ECAT EXACT HR PET 
scanner in 3D acquisition model. PiB radiotracer was synthesized at this 
facility using a standard protocol where 10 to 15 mCi of [11C] PiB was 
injected into an antecubital vein (Mathis et al., 2003). Dynamic acqui-
sition frames (34 to 35 frames total) were obtained over 90 min. AV45 
scans were acquired on a Siemen’s Biograph mCT 40PET machine dur-
ing a 50- to 70-minute interval following a 10 mCi (370 MBq) bolus 
injection of Florbetapir (18F). 

PiB data were preprocessed with procedures previously described 
using a gray matter cerebellar reference region to calculate distribution 
volume ratio (DVR) images (Marchant et al., 2013). The Global PiB 
Index was generated from the mean DVRs from regions of interest 
vulnerable to early Aβ deposition, which include the frontal cortex 
(anterior to the precentral gyrus), lateral parietal cortex, lateral tem-
poral cortex, posterior cingulate, and precuneus. Florbetapir data were 
analyzed using standard uptake value ratio (SUVr) measures (Landau 
et al., 2013). Four five-minute frames 50–70 min after injection were 
averaged and the image data was spatially normalized to a standard 
anatomical atlas in our laboratory. Mean tracer retention was calculated 
from six predefined target cortical regions of interest (medial orbital 
frontal, temporal, parietal, anterior cingulate, posterior cingulate, and 
precuneus) and whole cerebellar gray matter reference region, based on 
T1-weighted high-resolution MRI images. (All MRIs were obtained at the 
Imaging Research Center at UC Davis: 56% were obtained on a Siemen’s 
3 T Tim Trio and 39% were obtained on a GE 1.5 machine. All PET 
analysis was done in each subject’s native space, using the alignment of 
PET image to closest date structural MRI.) Participants were determined 
to be amyloid-positive using published DVR or SUVR thresholds ac-
cording to each radiotracer (a PiB cutoff of 1.10 and a florbetapir cutoff 
of 1.47 were used; see Marchant et al. (2013) and Landau et al. (2013) 
for additional details). 

Memory and executive function scores were obtained for each 
assessment, including assessments prior to amyloid-PET and assess-
ments after amyloid-PET. Two different neuropsychological test batte-
ries contributed to theses cognitive test scores: the Spanish-English 
Neuropsychological Assessment Scales (SENAS) (Mungas et al., 2004, 
2005) and an alternative cognitive battery for participants who were 
enrolled into a cohort examining ischemic vascular contributions to 
cognitive decline and dementia. The tests used to derive these measures 
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are described in the supplemental information (Table 1). Item response 
theory methods were used to create harmonized cognitive measures 
with equated metrics so that results from the two test batteries could be 
combined in analyses. The test harmonization process is described in a 
previous publication (Han et al., 2020b) and details on the methods and 
results are given as part of the technical appendix. Scores from both 
batteries were on a common standard score metric (mean = 0, standard 
deviation = 1) referenced to a diverse sample of more than 400 com-
munity dwelling English and Spanish speaking older adults. As sensi-
tivity analysis, we repeated the primary analysis with only scores 
derived from SENAS measures. The results of this sensitivity analysis are 
given in the Supplemental Information. 

2.2. Analysis 

Fig. 1 gives a flowchart of the analysis, designed with the following 
two goals in mind: to leverage all past information on individuals with 
varying numbers of cognitive assessments in a way that was consistent 
across individuals and over time, and to use all post-PET scan cognitive 
assessments to evaluate the added value of amyloid burden. To achieve 
the first goal, we first estimated mixed-effects models to derive esti-
mated values for cognition for the previous, current, and subsequent 
visits; the estimated values from these mixed-effects models were then 
used as independent variables in a more complex model trained to 
optimally predict cognitive scores, prior to the amyloid-PET scan. 
Finally, we used this optimized model to predict cognitive scores after 
amyloid-PET imaging and evaluated whether information on amyloid 
burden improved prediction of cognition at the subsequent visit over 
and above the predictions based on all prior cognitive function and 
demographics. Two sets of analyses were run with the below procedure: 
one with executive function as the cognitive outcome and a second with 
memory as the cognitive outcome. Additional details on each step of the 
analysis is given below. 

2.2.1. Initial Mixed-Effects Models: Estimates of Cognition Based Soley on 
Past Cognitive Measures 

Since the number of cognitive assessments and timing of these as-
sessments relative to the amyloid-PET scan varies considerably, we 
developed a procedure to extract information about each person’s 
observed trajectory in a way that was consistent between people and 
over time. To estimate the predicted cognitive trajectory for each indi-
vidual as of visit i (i.e., predicting visits 1 through i, with i ≥ 2), we 
estimated a linear mixed-effects model with the following two pre-
dictors: time since baseline visit and an indicator variable for the first 
visit to account for practice effects with individual-level random in-
tercepts and random slopes with respect to time. After estimating this 
mixed-effects model using data for visits 1 to i, the model fits were used 
to estimate predicted scores for the two most recent visits i and i − 1 visits 

as well as the subsequent i+1 visit. This procedure was repeated to get 
predictions for each subsequent visit for which there was cognitive data 
for at least one individual. 

2.2.2. Variable Selection Procedure: Applying LASSO to Cognitive 
Trajectories Predicted by the Mixed-Effects Model and Coviarates 

Using data for individuals with at least three cognitive assessments 
prior to their PET scan (training data), we trained a time-series regression 
model to predict cognitive score at visit i+1 using the following pre-
dictors: estimated score for visit i + 1, the deviations of estimated scores 
from the true scores for the two most recent visits (i and i − 1) and the 
interactions of these deviations with time since visit i + 1, orthogonal 
polynomials (Kennedy and Gentle, 2018) for age and education of de-
grees 1–3, gender, and race/ethnicity. We selected a set of predictors 
that minimized the total mean squared error in cognitive predictions for 
held-out individuals using LASSO regression (Tibshirani, 1996) with a 
ten-fold cross-validation procedure. This step was conducted using only 
assessments prior to amyloid-PET imaging. 

2.2.3. Evaluation of the Added-Value of Amyloid Burden 
Once we chose the optimal prediction model for the pre-PET scan 

data, we used the selected predictors in a time-series regression model to 
predict the post-PET scan cognitive scores. For the post-PET scan data 
(testing data), we then assessed whether amyloid positivity, interacted 
with the time since the scan was performed, improved predictions of the 
subsequent cognitive measures post-PET. This was done by evaluating 
whether the addition of amyloid positivity to these models improved 
cognitive predictions. We evaluated this using the mean squared error 
(MSE) and bootstrapped confidence interval and p-value using 2,000 
replicates. The bootstrapped p-value was obtained from the fraction of 
coefficients for amyloid positivity greater than zero, multiplied by two 
to obtain a two-sided p-value and accounts for the fact that the null 
hypothesis on the boundary (Fitzmaurice et al., 2012). We used Pear-
son’s correlation coefficients to evaluate the strength of association 
between predictions made with and without incorporation of amyloid 
into the model. This analysis was repeated using approximate centiloids, 
calculated using formulas presented in Bourgeat et al. (2018) (Table 3; 
standard SPM pipeline) from raw DVRs and SUVRs. 

To provide a comparison for the magnitude of the effect estimates for 
amyloid positivity, we also fit a linear random-effects model with a 
random intercept for each individual and a random slope for time in 
follow-up to obtain expected post-PET cognitive decline for memory and 
executive function measures. We compared the average rate of change 
estimated from this simple linear mixed-effects model to the coefficient 
for amyloid positivity predicting future cognition with simultaneous 
adjustment for prior information on cognition and covariates. 

These methods were pregistered in December of 2019 and prior to 
submission for publication (Ackley et al., 2021). 

Table 1 
Summary of training and testing data for memory and executive function. Not all participants were used in both the training and testing data since three cognitive 
assessments were required pre-amyloid-PET to be in the training data, and at least one cognitive assessment was required post-amyloid-PET to be in the testing data. 
SD = standard deviation.   

Memory   Executive Function    

Overall Testing Data Training Data Overall Testing Data Training Data 

Number 132 126 66 135 129 66 
Mean Years of Education 14.6 14.9 14 14.5 14.8 14 
SD Years of Education 3.8 3.8 4 3.9 3.9 4 
Mean Number of Assessments 5.6 4.8 6.9 5.8 5 7.4 
SD Number of Assessments 3.3 3.3 2.8 3.5 3.5 2.9 
Percent Amyloid Positive 23% 25% 20% 24% 26% 20% 
Hispanic 27% 22% 35% 27% 22% 35% 
African American 16% 14% 20% 16% 15% 20% 
Asian 7% 9% 5% 7% 9% 5% 
Other 1% 1% 0% 1% 1% 0% 
White 49% 54% 41% 49% 53% 41%  
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3. Results 

Table 1 summarizes the sociodemographic characteristics of in-
dividuals in the overall sample and the training and testing datasets. For 
memory, 132 participants contributed an average of 6.8 (standard de-
viation = 3.2) assessments over 7 (standard deviation = 3.9) years of 
follow-up and underwent PET imaging to assess amyloid uptake (SUVr) 
on average 3.3 (standard deviation = 3.8, median = 2.4, IQR = 5.9) 
years after earliest cognitive assessment. For executive function, 135 
participants contributed an average of 7 (standard deviation = 3.4) as-
sessments over 6.9 (standard deviation = 3.9) years of follow-up and 
underwent PET imaging to assess amyloid uptake (SUVr) on average 3.3 
(standard deviation = 3.7, median = 2.1, IQR = 5.8) years after earliest 
cognitive assessment. The sociodemographic characteristics were 
similar across the training and testing sub-samples. PET scans were 
performed with PiB for 42% participants undergoing amyloid-PET. 
Approximately one-quarter of participants were amyloid positive 
(25% of participants who contributed memory data and 26% of partic-
ipants who contributed executive function data; 40% of participants 

with the radiotracer PiB and 10% of participants with the radiotracer 
Florbetapir). In the memory data, the most recent cognitive test at least 
3 months prior to the PET scan was on average 0.89 years prior (stan-
dard deviation of 0.52). In the executive function data, the most recent 
cognitive test at least 3 months prior to the PET scan was on average 
0.87 years prior (standard deviation of 0.49). 

The base model for memory included the following variables: 
gender, Hispanic ethnicity, predicted cognition for the current visit, and 
linear years of education. The base model for executive function 
included the following variables: Hispanic ethnicity, predicted cognition 
for the current visit, quadratic age, and linear years of education. The 
base model for memory explained 55.6% of the variance in future post- 
PET memory scores. The base model for executive function explained 
74.5% of the variance in future post-PET executive function scores. 
Demographic characteristics account for a minority of the variance 
explained: 44.7% of the total variance (80.4% of explained variance) is 
explained with past cognitive measures for memory. Similarly, 68.2% of 
the total variance (91.5% of explained variance) is explained with past 
cognitive measures for executive function. 

Fig. 1. Flowchart of the analysis, which leverages all past information on individuals with varying numbers of cognitive assessments in a way that was consistent 
across individuals and over time and uses all post-PET scan cognitive assessments to evaluate the added value of amyloid burden. 
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Adding amyloid positivity to the models for memory and executive 
function slightly improved predictions of future cognition, with larger 
improvements for predictions of executive function. The addition of 
amyloid positivity reduced the MSE in predictions of memory by 0.2%, 
95% CI: (0%, 2.6%), p = 0.48, and reduced the MSE in predictions of 
executive function by 3.4%, 95% CI: (0.6%, 10.2%), p = 0.002. This 
corresponds to an increase in the percent variance explained of 0.1%, 
95% CI: (0%, 1.2%) for memory and 0.9%, 95% CI: (0.1%, 2.8%) for 
executive function (see Fig. 2). As shown in Fig. 3, predictions from the 
base model and full model are highly correlated, and we obtain the 
following Pearson’s correlation coefficients: 0.9991 for memory and 
0.9942 for executive function. 

Similar results were obtained with approximate centiloids. Adding 
approximate centiloids to the models for memory and executive function 
slightly improved predictions of future cognition, with larger improve-
ments for predictions of executive function. The addition of approximate 
centiloids reduced the MSE in predictions of memory by 1.5%, 95% CI: 
(0%, 6.7%), p = 0.095, and reduced the MSE in predictions of executive 
function by 4.4%, 95% CI: (0.6%, 12.9%), p = 0.003. This corresponds 
to an increase in the percent variance explained of 0.7%, 95% CI: (0%, 
3%) for memory and 1.1%, 95% CI: (0.1%, 3.3%) for executive function 
(see Fig. 2). As shown in Fig. 4, predictions from the base model and full 
model are highly correlated, and we obtain the following Pearson’s 
correlation coefficients: 0.9939 for memory and 0.9926 for executive 
function. 

Using a random-effects model to estimate rate of cognitive change 
after amyloid-PET, memory declined by − 0.055, 95% CI: (-0.091, 
− 0.019) standard deviations per year and executive function declined 
by − 0.059, 95% CI: (− 0.083, − 0.035) standard deviations per year. In 
the full model, amyloid positivity was associated with an additional 
annual change in memory of − 0.019, 95% CI: (− 0.085, 0.034) and in 
executive function of − 0.041, 95% CI: (− 0.079, − 0.015) standard de-
viations per year. Amyloid positivity was thus associated with approx-
imately a 33.7% of average post-PET decline in memory and a 69.7% of 
average post-PET decline in executive function. 

4. Discussion 

Compared to models based only on longitudinal cognitive assess-
ments and demographics, the addition of amyloid burden offered small 
improvements in predictions of future memory and executive function. 
The correlations of predictions based only on prior cognition and 

covariates with predictions additionally incorporating amyloid were 
nearly perfect for both memory and executive function. 

Our results suggest that when predicting future cognitive trajec-
tories, the added value of amyloid-PET over and above past cognitive 
and sociodemographic measures is small in individuals for whom 
repeated past cognitive assessments are available. This finding high-
lights the clinical value of repeated cognitive assessments over time to 
understand likely future trajectory of cognition. While it is not neces-
sarily surprising that past cognition already reflects the presence of the 
pathology that amyloid-PET is measuring or downstream pathology 
such as tau, it is important to understand whether amyloid-PET can 
provide an informative supplement to cheaper and less invasive cogni-
tive testing to anticipate future cognitive changes. 

Amyloid measures are associated with dementia and mild-cognitive 
impairment diagnoses (e.g. Johnson et al. (2013)) and it has been 
demonstrated that amyloid-PET measures can predict future cognitive 
trajectories (e.g. Aschenbrenner et al. (2018)) and AD diagnosis (Fors-
berg et al., 2008). However, prior research did not evaluate the pre-
dictive value of amyloid-PET beyond what could be gleaned based on 
past cognitive trajectory and basic sociodemographic variables. Since 
past cognitive history would often be available in a clinical care setting, 
the potential contribution of amyloid-PET for predicting future cogni-
tion independently of these factors is important to assess. Evaluating the 
contribution of amyloid-PET is particularly important because it is 
expensive; this expense would be justified only if it provides sufficient 
additional information of value to patients or significantly improves 
clinical management of Alzheimer’s disease and dementia (Weidman 
et al., 2017). Evidence on whether patient-centered outcomes are 
improved is forthcoming from the IDEAS trial (Rabinovici et al., 2015), 
but it is also important to know whether amyloid-PET imaging can 
provide a more accurate source of information on future cognitive 
changes. Previous work has indicated that amyloid positivity is associ-
ated with a higher probability of future cognitive decline, but that this 
decline can take several years to manifest and differences between 
amyloid positive and negative groups may not be clinically significant 
(Donohue et al., 2017). This work corroborates and extends those 
findings to a setting where past cognitive assessments are available. 

This analysis had several strengths. The UC-ADRC is a diverse cohort 
with participants recruited from the clinic and community. Our method 
leveraged all past cognitive assessments by using estimates from a 
mixed-effects model (i.e. taking into account past cognition and past 
cognitive decline) as a predictor of cognition after amyloid-PET was 
completed. Typically an investigator-selected model is used to evaluate 
the added value of amyloid burden. However, we employed a cross- 
validation approach to avoid over- or underfitting the data. A data- 
driven variable selection procedure was used to select an optimal 
model that improved predictions of observations from held out in-
dividuals. With this approach, we obtained an accurate evaluation of the 
improvement in model fit achieved with the addition of amyloid burden. 

The relatively small sample size of this study was an important 
limitation, although the confidence intervals for our estimated im-
provements in model fit exclude large improvements in the MSE. In 
other words, our confidence intervals suggest that even if we had a 
larger sample in the UC-ADRC cohort, large improvements in prediction 
from incorporating amyloid burden would be unlikely. The racial/ethnic 
diversity of our participant sample is a major strength of this analysis, 
but our sample was too small to permit us to formally evaluate hetero-
geneity across race/ethnicity, education, or other important plausible 
modifiers. Furthermore, our analysis only included individuals who 
completed at least 3 cognitive assessments prior to PET scan, which may 
limit generalizability to individuals who are unable or uninterested in 
completing cognitive assessments. Selection processes are typical in 
neuroimaging studies, and have been particularly problematic because a 
large majority of neuroimaging evidence is based on predominantly 
non-Hispanic white, highly educated, samples. The ADRC cohort ach-
ieved notable racial/ethnic diversity and our analysis retained this 

Fig. 2. Percent variance explained for the base and full models for memory and 
executive function, where the full model refers to the base model with the 
addition of amyloid burden (amyloid positivity or approximate centiloids). Red 
segments show the increase in variance explained with the addition of amyloid 
burden, and error bars correspond to the 95% CI for the increase in the percent 
variance explained. Annotations (above the error bars) give the increase in 
variance explained. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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diversity, despite the potential selection. Since this sample was cogni-
tively normal at baseline, these results may not be generalizable to 
populations with cognitive impairment. Cognitive change over time 
would likely be larger in a sample with more impairment at baseline. 
Evaluating these patterns in larger samples with greater cognitive and 
sociodemographic heterogeneity is a high priority for future research. 
Another limitation is that a single amyloid-PET scan does not capture the 
dynamics of the accumulation of amyloid. For example, if speed of 
accumulation is associated with subsequent neurodegeneration and 
cognitive decline, a single PET scan would fail to capture important 
information about rate. Our findings in a sample of adults who were 
cognitively normal at baseline are important, however, especially given 
the interest in using amyloid burden as an inclusion criterion in clinical 
trials of Alzheimer’s disease therapies. Cognitively normal, amyloid 
positive individuals may be the most likely to respond to disease 
modifying therapies and understanding the impact of amyloid on 
cognitive trajectories can be used to power future therapeutic trials. 

Future work includes extending these analyses to other cohorts, 
particularly to cohorts with a significant number individuals with mild 
cognitive impairment and Alzheimer’s disease, and to other in-vivo 

neuroimaging outcomes, such as MRI or tau-PET. Incorporation of 
past cognitive decline into prognostic models of other biomarkers may 
similarly limit their clinical utility. 

5. Conclusions 

In this cohort, the addition of amyloid burden slightly improved 
predictions of executive function measures and memory, compared to 
models based only on longitudinal cognitive assessments and de-
mographics. These findings may indicate that, in settings with routine 
cognitive assessment of cognitively normal individuals, amyloid-PET 
does not provide significant additional benefit for more accurate pre-
dictions of cognitive decline. These findings also support the value or 
routine cognitive assessments in clinical care for older adults. 
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Appendix A. Supplementary data 

Analysis Using Only SENAS Measures of Memory 
In a sensitivity analysis using only SENAS memory measures and the 

same procedures, we obtain similar results, retaining 753 out of 894 
total cognitive assessments and 117 out of 132 individuals. The vari-
ables selected were gender, African American race, predicted cognition, 
cubic age, and linear years of education. The addition of amyloid posi-
tivity reduced the MSE in predictions of memory by 0%, 95% CI: (0%, 
0.9%), p = 0.86. This corresponds to an increase in the percent variance 
explained of 0%, 95% CI: (0%, 3%). The addition of approximate cen-
tiloids reduced the MSE in predictions of memory by 0.5%, 95% CI: (0%, 
3.4%), p = 0.21. This corresponds to an increase in the percent variance 
explained of 0.2%, 95% CI: (0%, 1.1%). (Note: Due to limited obser-
vations, percentile bootstrap confidence intervals were used for the 
addition of amyloid positivity.) 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.nicl.2021.102713. 
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