
Research Article

Alzheimer disease biomarkers are associated with decline in
subjective memory, attention, and spatial navigation ability in
clinically normal adults

Taylor F. Levine1 , Steven J. Dessenberger1, Samantha L. Allison2, Denise Head1,3,4 and the Alzheimer’s Disease

Neuroimaging Initiative*
1Department of Psychological and Brain Sciences, Washington University, St. Louis, MO, USA, 2Neurosciences Institute at Intermountain Medical Center, Murray,
UT, USA, 3Charles F. and Joanna Knight Alzheimer Disease Research Center, Washington University, St. Louis, MO, USA and 4Department of Radiology,
Washington University School of Medicine, St. Louis, MO, USA

Abstract

Objective: Subtle changes in memory, attention, and spatial navigation abilities have been associated with preclinical Alzheimer disease (AD).
The current study examined whether baseline AD biomarkers are associated with self- and informant-reported decline in memory, attention,
and spatial navigation. Method: Clinically normal (Clinical Dementia Rating Scale (CDR®)= 0) adults aged 56–93 (N= 320) and their
informants completed thememory, divided attention, and visuospatial abilities (which assesses spatial navigation) subsections of the Everyday
Cognition Scale (ECog) annually for an average of 4 years. Biomarker data was collected within (±) 2 years of baseline (i.e., cerebrospinal fluid
(CSF) p-tau181/Aβ42 ratio and hippocampal volume). Clinical progression was defined as CDR> 0 at time of final available ECog. Results:
Self- and informant-reported memory, attention, and spatial navigation significantly declined over time (ps< .001). Baseline AD biomarkers
were significantly associated with self- and informant-reported decline in cognitive ability (ps< .030), with the exception of p-tau181/Aβ42
ratio and self-reported attention (p= .364). Clinical progression did not significantly moderate the relationship between AD biomarkers and
decline in self- or informant-reported cognitive ability (ps> .062). Post-hoc analyses indicated that biomarker burden was also associated with
self- and informant-reported decline in total ECog (ps< .002), and again clinical progression did not significantlymoderate these relationships
(ps> .299).Conclusions:ADbiomarkers at baselinemay indicate risk of decline in self- and informant-reported change inmemory, attention,
and spatial navigation ability. As such, subjectively reported decline in these domains may have clinical utility in tracking the subtle cognitive
changes associated with the earliest stages of AD.
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Introduction

Preclinical Alzheimer disease (AD) refers to the point at which an
individual is clinically normal but exhibits AD-related neuro-
pathological changes: amyloidosis, tauopathy, and/or neurode-
generation of medial temporal structures, including the
hippocampus (Gordon et al., 2016; Jack et al., 2018; Storandt
et al., 2009). These neurologic changes can begin a decade or more
before the onset of symptomatic AD (Jack et al., 2018). As such,
there has been an emphasis on identifying the earliest signs of
cognitive change and on tracking cognitive change as the disease
progresses (Öhman et al., 2021; Weintraub et al., 2018).

Although people with preclinical AD perform within expected
limits (e.g., within 1.5 standard deviations of the age-corrected
means) on neuropsychological and experimental cognitive tasks,
there are subtle, yet observable, cognitive changes associated with
this stage (Sperling et al., 2011). Specifically, subtle changes in tasks
of memory, attentional control, and spatial navigation are
associated with concurrent preclinical status and with risk of
clinical progression (Allison et al., 2016; Balota et al., 2010; Hedden
et al., 2013; Hutchison et al., 2010; Langbaum et al., 2014; Levine
et al., 2020). Additionally, AD biomarkers at baseline have been
associated with decline in performance on tasks of memory and
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attention in clinically normal adults (Aschenbrenner et al., 2015;
Baker et al., 2017; Millar et al., 2017), whereas, to our knowledge,
the relationship between AD biomarkers and longitudinal change
in spatial navigation has yet to be explored (Daugherty & Raz,
2017; Korthauer et al., 2016).

Application of objective tasks to track subtle cognitive change is
not presently feasible for widespread clinical use because they are
time-consuming and have demonstrated pronounced practice
effects (Goldberg et al., 2015). While neuropsychological and
experimental cognitive tasks remain the gold standard for
detecting current cognitive deficits and tracking cognitive change,
there is support for the use of brief cognitive assessments, such as
global cognitive screens, computerized neuropsychological assess-
ment, phone screens, or questionnaires, as cost-effective and time-
efficient methods to identify and track individuals whomay benefit
from comprehensive neuropsychological assessment (Öhman
et al., 2021; Harrington et al., 2022; Roebuck-Spencer et al.,
2017; Tong et al., 2017). Questionnaires assessing memory,
attention, or spatial navigation difficulties may represent a
potential screening tool for AD pathology without the limitations
of objective cognitive tasks. Specifically, questionnaires are
potentially less time-consuming (5–10 minutes), can require fewer
materials to administer than neuropsychological and experimental
tasks, can be administered remotely (e.g., online or over the phone)
without the need for a trained technician, can be completed by both
the patient and someone who knows them well (e.g., an
informant), and some have been shown to lack practice effects
(Allison et al., 2019). Self-reported memory and spatial navigation
ability have been associated with CSF amyloid burden cross-
sectionally (Allison et al., 2018; Allison et al., 2019; Cantero
et al., 2016).

Although there is a limited body of literature examining the
relationship between CSF AD biomarkers and longitudinal
subjective change in cognition in clinically normal older adults,
a recent review (14 studies) and meta-analysis (8 studies) suggests
that subjective cognitive decline in conjunction with presence of
AD biomarker burden (i.e., amyloid or the combination of amyloid
and tau) is associated with greater risk of clinical progression and/
or dementia compared to subjective cognitive decline without AD
biomarkers (Rostamzadeh et al., 2022; Scarth et al., 2021). For
example, individuals presenting with subjective cognitive decline
who were positive for AD biomarkers showed steeper cognitive
decline and risk of dementia than biomarker-negative individuals
(Ebenau et al., 2020). However, Levine and colleagues (2022) did
not observe an association between AD biomarkers or presence of
an APOE ε4 allele and self-reported change in spatial navigation
ability. Given the small number of existing studies, there is a need
to further examine the relationship between AD biomarkers and
longitudinal subjective change in cognition to assess whether
questionnaire-based measures have utility in tracking subtle
change in everyday cognition beginning in the earliest stages of
the AD continuum.

The goal of the current study was to expand the existing body of
research examining longitudinal change in subjective cognition by
assessing whether self- or informant-reported change in memory,
attention, or spatial navigation may be useful in monitoring
everyday cognition in clinically normal adults and clinical
progression. We first examined whether increased AD biomarker
burden (CSF p-tau181/Aβ42 ratio and hippocampal volume) at
baseline was associated with subsequent decline in subjective
memory, attention, and spatial navigation ability, hypothesizing
that increased biomarker burden would predict subjective decline

in cognitive functioning. Then, we examined whether clinical
progression to symptomatic stages of MCI or AD moderated the
relationship between change in subjective cognitive ability and
biomarker burden, hypothesizing that clinical progression in
conjunction with greater biomarker burden would be associated
with greater subjective decline. The goal of this aim was to examine
whether slopes of self- and/or informant-reported cognitive
change could be used to assess for risk of progression from
clinical normality to symptomatic MCI/AD.

Methods

Participants

Data were downloaded from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) database on January 10, 2021
(adni.loni.use.edu). The ADNI was established in 2003 as a public-
private partnership, led by Principal Investigator Michael W.
Weiner. The primary goal of ADNI is to test whether serial MRI,
PET, other biological markers, and clinical and neuropsychological
assessment can be combined tomeasure the progression of AD. All
procedures were approved by local IRBs and participants provided
informed consent to all procedures in accordance with the Helsinki
Declaration. For further information, see www.adni-info.org. The
current study included all clinically normal participants (Clinical
Dementia Rating Scale (CDR®)= 0) at baseline and their
informants who completed the ECog at least twice, as well as
had CSF data available within 2 years of completing the baseline
ECog. The final sample consisted of 320 participants and
informant dyads (Table 1).

Study duration-matched sample for sensitivity analyses

The 66 participants who progressed to symptomatic MCI/AD
(progressors) and did not have biomarker values considered
outliers were in the study significantly longer than the 250
participants who did not progress to symptomatic MCI/AD (non-
progressors). As such, it is possible that any differences observed
between progressors and non-progressors are a result of the
progressors being in the study longer, thus having more
opportunity to evidence cognitive change. To address this
possibility, we randomly sampled 66 non-progressors and
compared the total time spent in study to the 66 progressors,
excluding four participants with CSF p-tau181/Aβ42 ratio outliers,
using a t-test. This process was repeated until the p-value of the test
reached above a .25, as this would provide a mean and standard
deviation of the time spent in study by the randomly selected non-
progressors of at least 90% of that of the progressors. While the
original sample of 250 non-progressors had a significantly lower
number of years spent in the study (M= 3.70, SD = 2.44)
compared to progressors (M= 5.30, SD= 2.65; t(318) = 4.74,
p< .001), the average years spent by the randomly selected
subsample of non-progressors (M= 4.87, SD = 2.57) did not
significantly differ from progressors (t(130) = 1.2, p= .27;
Table 2).

Clinical progression

The Clinical Dementia Rating (CDR®) score was used to determine
absence or presence, as well as severity, of dementia with a
CDR= 0 indicative of clinical normality (Morris, 1997). For
CDR= 0.5 individuals, clinical diagnoses of MCI or probable AD
were made in accordance with the Petersen criteria (Petersen et al.,
2010) or with the criteria reported by National Institute of
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Neurological and Communicative Disorders and Stroke
(NINCDS) and the Alzheimer’s Disease and Related Disorders
Association (ADRDA; McKhann et al., 1984), respectively.
CDR> 0.5 individuals were diagnosed with probable AD in
accordance with the NINCDS-ADRDA criteria (McKhann
et al., 1984).

All participants were rated clinically normal within (±) 1 year of
baseline assessment (CDR= 0; time difference from first ECog
M= 38 days, SD= 35 days, range= 0–271 days). Participants were
considered to have clinically progressed to symptomatic stages of
the disease process (i.e., MCI or AD) if their closest CDR
measurement within (±) 1 year of final ECog (M= 4 days, SD = 37
days, range = 0–365 days) was greater than 0. Based on CDR
rating, 250 participants did not clinically progress (CDR= 0 at
final ECog) and 70 participants clinically progressed to sympto-
matic MCI/AD (CDR> 0 at final ECog). Of the 70 progressors, 62
had a CDR= .5, 5 CDR= 1, and 3 CDR= 3.

Cerebrospinal fluid

CSF collected by ADNI were analyzed using Elecsys immuno-
assays, following the Roche Study Protocol at the UPenn/ADNI
Biomarker Laboratory as previously described (Bittner et al., 2016).
CSF data were included if collected within 2 years of completing
the ECog (M= 32 days, SD = 90 days, range= 0–688 days). The
ratio between p-tau181 and Aβ42 was used as the primary CSF
biomarker measure of interest because it has been found to best

map onto PET imaging results (Santangelo et al., 2019; Schindler
et al., 2018).

Structural MRI

ADNI 3T MRI acquisition and pre-processing methods have been
previously described (http://adni-info.org; Jack et al., 2008). MRI
data were used if collected within 2 years of completing the ECog
(M= 44 days, SD = 96 days, range= 0–728 days). The hippo-
campus was the region-of-interest for the current study given that
this region is impacted in preclinical AD (Csernansky et al., 2005).
The FreeSurfer image analysis was used for image processing and
delineation of the hippocampus (Fischl et al., 2002). FreeSurfer
implements an automated probabilistic labeling procedure where
individual voxels in an image are assigned to a neuroanatomical
label based on data from a manually labeled training set.
Volumetric data obtained through this procedure are highly
correlated with manually generated volumes (Desikan et al., 2006;
Fischl et al., 2002). Volumes were summed across hemispheres and
estimated intracranial volume was used to adjust volumes for body
size differences using an analysis of covariance approach (Buckner
et al., 2004).

Everyday cognition scale

The ECog is a 39-item self- and informant-reported measure that
assesses changes in everyday cognitive functioning across six
cognitive domains (memory, language, visuospatial abilities,

Table 2. Sample characteristics for sensitivity analyses

Total sample Non-progressors Progressors

N 132 66 66
Sex (M/F) 59/73 28/38 31/35
Age (years) (M, SD)* 73.84 (6.99) 72.07 (6.89) 75.61 (6.69)
Age range 56.32–93.76 60.07–93.76 56.32–89.16
Education (years) (M, SD) 16.32 (2.41) 16.56 (2.45) 16.08 (2.37)
Education (range) 12–20 12–20 12–20
Race (White/Black/American Indian/Asian/More than one race) 118/8/1/2/3 59/4/1/1/1 59/4/0/1/2
Ethnicity (% Non-Hispanic) 97.72% 95.46% 100%
Time in study (years) (M, SD) 5.12 (2.58) 4.87 (2.57) 5.37 (2.59)
Time in study (range) .46–10.39 .46–9.97 .46–10.39
Hippocampus (cm3) (N, M, SD)* 121, 7368.07, 831.85 62, 7633.12, 789.86 61, 7098.61, 791.50
ptau181/Aβ42 (N, M, SD)* 132, .027, .017 66, .020, .012 66, .033, .018

Notes. M=mean; SD= standard deviation. * indicates difference between groups p< .05. Time in study= years between baseline and final ECog assessment available at time of data download.
All participants had Clinical Dementia Rating Scale= 0 at baseline. “No Progression” refers to the subsample that remained CDR= 0 at time of final ECog assessment. “Yes Progression” refers to
the subsample that was CDR> 0 at time of final ECog assessment.

Table 1. Sample characteristics for primary analyses

Total sample Non-progressors Progressors

N 320 250 70
Sex (M/F) 135/185 102/148 33/37
Age (years) (M, SD)* 73.36 (6.78) 72.74 (6.72) 75.58 (6.57)
Age range 56.32–93.76 56.67–93.76 56.32–89.16
Education (years) (M, SD)* 16.59 (2.43) 16.74 (2.44) 16.04 (2.32)
Education (range) 6–20 6–20 12–20
Race (White/Black/American Indian/Asian/More than one race) 292/15/1/3/9 230/10/1/2/7 62/5/0/1/2
Ethnicity (% Non-Hispanic) 95.63% 94.40% 100%
Time in study (years) (M, SD)* 4.05 (2.57) 3.70 (2.44) 5.30 (2.65)
Time in study (range) .46–10.39 .46–9.97 .46–10.39
Hippocampus (cm3) (N, M, SD)* 280, 7470.36, 789.79 216, 7586.38, 756.88 64, 7078.82, 778.14
ptau181/Aβ42 (N, M, SD)* 320, .025, .019 250, .022, .016 70, .037, .024

Notes. M=mean; SD= standard deviation. * indicates difference between groups p< .05. Time in study= years between baseline and final ECog assessment available at time of data download.
All participants had Clinical Dementia Rating Scale= 0 at baseline. “No Progression” refers to the subsample that remained CDR= 0 at time of final ECog assessment. “Yes Progression” refers to
the subsample that was CDR> 0 at time of final ECog assessment.
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planning, organization, and divided attention) compared to 10
years ago using a four-point Likert scale with higher ratings
indicating greater change (1 = better or no change compared to 10
years earlier, 2= questionable/occasionally worse, 3= consistently
a little worse, 4= consistently much worse; Farias et al., 2008). The
participant and informant ECog memory (eight items), divided
attention (four items), and visuospatial abilities (seven items which
assess spatial navigation ability) subsections were considered for
the purposes of this study given that these cognitive domains are
impacted by preclinical AD (Allison et al., 2019; Aschenbrenner
et al., 2015; Hedden et al., 2013). Notably, these subsections have

been associated with hippocampal volume cross-sectionally and
with significantly greater risk of clinical progression from cognitive
normality (Farias et al., 2013; Farias et al., 2017). Items were
averaged within each domain to include participants and
informants who skipped items and, therefore, maximized the
sample size.

Statistical analyses

Linear mixed-effects models were used to examine longitudinal
change in ECog subsections. These models were conducted using

Figure 1. Change in self- and inform-
ant-reported memory, attention, and
spatial navigation ability based on
baseline CSF p-tau181/Aβ42 ratio.
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the nlme package in R version 4.1.3 (Pinheiro et al., 2022). Age, sex,
and education were controlled for in all analyses. Time (years in
study) and intercept were random effects. Time was the predictor
of interest in the initial models to examine longitudinal change in
the ECog subsection scores. Next, a model was conducted to
examine if AD biomarkers (i.e., CSF p-tau181/Aβ42 ratio and
hippocampal volume) at baseline predicted change in ECog
subsection scores where the variable of interest was the AD
biomarker × Time interaction. Then, whether the participant
clinically progressed to symptomatic MCI/AD was added to the
model (coded as 0/1) along with the AD biomarker × Time ×
Progression interaction to assess whether clinical progression

moderated the effects of AD biomarkers on ECog subsection scores
over time.

Univariate outliers were defined as values >3 standard
deviations from the group mean at baseline. Unless otherwise
specified, results were unchanged when outliers were omitted from
analyses.

Results

Primary analyses

Self-reported memory, attention, and spatial navigation signifi-
cantly declined over time (ps< .001; Supplemental Figures 1 and 2).

Figure 2. Change in self- and inform-
ant-reported memory, attention, and
spatial navigation ability based on
baseline hippocampal volume.
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Baseline CSF p-tau181/Aβ42 ratio and hippocampal volume
predicted decline in self-reported memory and spatial navigation
(ps< .030; Figures 1 and 2). Baseline hippocampal volume, but not
CSF p-tau181/Aβ42 ratio, predicted decline in self-reported attention
(p= .029 and p= .364, respectively; Figures 1 and 2). Clinical
progression did not significantly moderate the relationship between
biomarkers and domain-specific cognitive change (ps> .062). See
Table 3 for detailed results.

Informant-reported memory, attention, and spatial navigation
significantly declined over time (ps< .001; Supplemental Figures 3
and 4). Baseline CSF p-tau181/Aβ42 ratio and hippocampal volume
predicted decline in informant-reported memory, attention, and
spatial navigation (ps≤ .001; Figures 1 and 2). Clinical progression
did not significantlymoderate the association of CSF p-tau181/Aβ42
ratio or hippocampal volume with informant-reported cognitive
change when outliers were removed (ps> .183). See Table 4 for
detailed results.

Sensitivity analyses

The sensitivity analyses were specifically conducted to determine
whether the difference in study duration between progressors and
non-progressors impacted our ability to detect a moderating effect
of clinical progression in the primary analyses. However, as with
the primary analyses, clinical progression did not moderate the

relationship between AD biomarkers and self- and informant-
reported cognitive change (ps> .089). See Tables 5 and 6 for
detailed results.

Post-hoc analyses

A series of post-hoc analyses were conducted to further investigate
our primary results. This included analysis of individual CSF
biomarkers, comparison of self- and informant-reported decline,
and the relationship between biomarkers and total ECog.

Individual CSF biomarkers
In addition to our a priori analyses, we examined baseline CSFAβ42
and p-tau181 separately. Baseline CSF Aβ42 and p-tau181 were
significant predictors of change in self-reported memory and
spatial navigation (ps< .046), but not self-reported attention
(ps> .199; Figures 3 and 4). Clinical progression did not
significantly moderate the relationship between biomarkers and
domain-specific cognitive change (ps> .137). These results were
consistent with CSF p-tau181/Aβ42 ratio results. See Table 7 for
detailed results.

Baseline CSF Aβ42 and p-tau181 were significant predictors of all
informant-reported subsections (ps< .016; Figures 3 and 4). This
was consistent with CSF p-tau181/Aβ42 ratio results. However,
significant three-way interactions were observed in post-hoc

Table 3. Self-report primary analyses

Standardized β SE T p-value

ECog memory
Base model
Time 0.032 0.006 4.917 <0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.025 0.007 3.880 <0.001*
p-tau181/Aβ42*progression −0.018 0.064 −0.281 0.779
Progression*time 0.046 0.014 3.349 0.001*
p-tau181/Aβ42*time*progression 0.009 0.014 0.666 0.505

Hippocampal volume models
Hippocampus*time −0.015 0.006 −2.265 0.024*
Hippocampus*progression 0.004 0.076 0.050 0.960
Progression*time 0.059 0.014 4.150 <0.001*
Hippocampus*time*progression −0.019 0.014 −1.421 0.156

ECog attention
Base model
Time 0.026 0.007 3.934 <0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.006 0.007 0.908 0.364
p-tau181/Aβ42*progression −0.061 0.071 −0.861 0.390
Progression*time 0.020 0.015 1.319 0.187
p-tau181/Aβ42*time*progression 0.018 0.015 1.230 0.216

Hippocampal volume models
Hippocampus*time −0.014 0.007 −2.186 0.029*
Hippocampus*progression −0.126 0.086 −1.473 0.142
Progression*time 0.020 0.015 1.318 0.188
Hippocampus*time*progression 0.002 0.014 0.110 0.912

ECog spatial navigation
Base model
Time 0.022 0.004 5.384 <0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.015 0.004 3.689 <0.001*
p-tau181/Aβ42*progression −0.017 0.029 −0.605 0.546
Progression*time 0.024 0.009 2.746 0.006*
p-tau181/Aβ42*time*progression 0.014 0.009 1.576 0.115

Hippocampal volume models
Hippocampus*time −0.009 0.004 −2.171 0.030*
Hippocampus*progression −0.007 0.034 −0.193 0.847
Progression*time 0.030 0.009 3.401 0.001*
Hippocampus*time*progression −0.016 0.009 −1.868 0.062#

Notes. *p< .05; #p< .10. See text for details regarding the analyses.
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analyses that were not in CSF p-tau181/Aβ42 ratio analyses. Clinical
progression significantly moderated the association of CSF Aβ42
with informant-reportedmemory (p= .023) and spatial navigation
(p= .022), and the association of CSF p-tau181 with informant-
reported memory with outliers removed (p= .013), attention
(p= .027), and spatial navigation with outliers removed (p= .010).
The observed moderation effects were such that the association
between CSF Aβ42 and p-tau181 and informant-reported cognitive
change was stronger in progressors relative to non-progressors. See
Table 8 for detailed results.

Comparison of self- and informant-reported change over time
We compared self- and informant-reported change over time as
predicted by baseline biomarkers using the ghlt function from the
multcomp package in R with Holm’s procedure to correct for
multiple comparisons (Hothorn et al., 2008). CSF p-tau181/Aβ42
ratio and CSF p-tau181 predicted greater decline in informant-
reported than self-reported memory, attention, and spatial
navigation (ps< .023). Hippocampal volume predicted greater
decline in informant-reported than self-reported memory and
spatial navigation (ps< .022), but not attention (p= .125). CSF
Aβ42 did not predict significantly different declines in self- and
informant-reported memory, attention, and spatial navigation
(ps> .566). See Supplementary Table 1 for detailed results.

Total ECog
Post-hoc examination of total ECog score was conducted to
examine whether observed relationships between ECog subsection
change and AD-related biomarkers (CSF p-tau181/Aβ42 ratio and
hippocampal volume) were domain-specific or if similar relation-
ships were observed when examining change in total ECog over
time. Indeed, baseline biomarker burden predicted self- and
informant-reported decline in total ECog (ps< .002). Clinical
progression did not significantly moderate the relationship
between biomarkers and total ECog (ps> .299). See Table 9 for
detailed results.

We also compared total score change to subsection change
using the ghlt function from the multcomp package in R with
Holm’s procedure to correct for multiple comparisons (Hothorn
et al., 2008). CSF p-tau181/Aβ42 ratio predicted greater decline in
informant-reported attention than informant-reported total score
(p= .005) but greater decline in self-reported total score than self-
reported attention (p= .049). See Supplementary Table 2 for
detailed results.

Potential impact of time delays between measurements
Of note, when primary analyses were rerun to include the delay
between ECog and CDR, the delay between the two measures was
not a significant predictor of subjective decline and did not change
the results. Additionally, when the sample was limited to

Table 4. Informant-report primary analyses

Standardized β SE T p-value

ECog memory
Base model

Time 0.049 0.009 5.643 <0.001*
CSF p-tau181/Aβ42 models

p-tau181/Aβ42*time 0.048 0.008 5.809 <0.001*
p-tau181/Aβ42*progression −0.030 0.051 −0.592 0.554
Progression*time 0.102 0.017 6.069 <0.001*
p-tau181/Aβ42*time*progression 0.042/0.020 0.016/0.018 2.639/1.131 0.009*/0.258

Hippocampal volume models
Hippocampus*time −0.030 0.009 −3.458 0.001*
Hippocampus*progression −0.099 0.060 −1.644 0.101
Progression*time 0.120 0.018 6.560 <0.001*
Hippocampus*time*progression −0.023 0.017 −1.313 0.190

ECog attention
Base model

Time 0.043 0.010 4.498 <0.001*
CSF p-tau181/Aβ42 models

p-tau181/Aβ42*time 0.042 0.009 4.470 <0.001*
p-tau181/Aβ42*progression −0.010 0.063 −0.163 0.870
Progression*time 0.092 0.020 4.706 <0.001*
p-tau181/Aβ42*time*progression 0.051/0.023 0.019/0.021 2.770/1.102 0.006*/0.271

Hippocampal volume models
Hippocampus*time −0.032 0.010 −3.261 0.001*
Hippocampus*progression −0.199 0.077 −2.583 0.010*
Progression*time 0.107 0.021 5.029 <0.001*
Hippocampus*time*progression 0.001 0.020 0.053 0.958

ECog spatial navigation
Base model

Time 0.037 0.008 4.899 <0.001*
CSF p-tau181/Aβ42 models

p-tau181/Aβ42*time 0.038 0.007 5.289 <0.001*
p-tau181/Aβ42*progression −0.019 0.023 −0.837 0.404
Progression*time 0.085 0.015 5.523 <0.001*
p-tau181/Aβ42*time*progression 0.040/0.006 0.014/0.016 2.788/0.381 0.005*/0.703

Hippocampal volume models
Hippocampus*time −0.027 0.008 −3.535 <0.001*
Hippocampus*progression <−0.001 0.028 −0.009 0.993
Progression*time 0.095 0.017 5.573 <0.001*
Hippocampus*time*progression −0.022 0.016 −1.333 0.183

Notes. *p< .05. See text for details regarding the analyses.
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participants who only had 1-year maximum delay between ECog
and biomarker measures, results remained the same (results not
presented).

Discussion

In a clinically normal sample, baseline CSF p-tau181/Aβ42 ratio
predicted decline in self-reported memory and spatial navigation
and in informant-reported memory, attention, and spatial
navigation. Post-hoc analyses examining CSF Aβ42 and CSF p-
tau181 separately generally replicated these results. In addition,
baseline hippocampal volume predicted decline in self- and
informant-reported memory, attention, and spatial navigation.
Clinical progression did not robustly moderate the relationship
between biomarkers and subjective cognitive change with
significant effects only seen in post-hoc analyses examining
individual CSF biomarkers.

The results from this study suggest that subjective changes in
memory, attention, and spatial navigation ability have the potential
to be used by clinicians to monitor subtle cognitive changes
associated with early AD biomarker burden to aid in identifying
individuals who may benefit from more diagnostic procedures
(e.g., lumbar puncture or PET). The observed association between

baseline AD biomarkers and decline in subjective domain-specific
cognitive ability is consistent with the existing literature supporting
the relationship between AD biomarkers and objectively measured
memory, attention, and spatial navigation (Allison et al., 2016;
Balota et al., 2010; Hedden et al., 2013; Hutchison et al., 2010;
Langbaum et al., 2014; Levine et al., 2020). This suggests that both
subjective and objective measures of memory, attention, and
spatial navigation can be used to assess disease progression in the
preclinical phase. Using questionnaire-based measures to track
cognitive decline has several advantages relative to objective tasks.
For example, questionnaires tend to be more time- and cost-
effective and have demonstrated fewer practice effects (Allison
et al., 2019; Jessen, 2014). The ECog may have particular utility in
clinical trials for monitoring everyday cognition, as these
subsections are brief, easily administered, and can be repeated
annually without practice effects. Thus, the ECog subsections
represent a brief assessment that can be used to track subtle change
in everyday cognition and may mitigate research-related burden
for participants and their informants.

Notably, estimated slopes of decline of informant-reported
cognitive change were steeper than self-reported cognitive change
for most models, suggesting that informant-reports may be better
suited for monitoring cognitive change across the AD continuum

Table 5. Self-report sensitivity analyses

Standardized β SE T p-value

ECog memory
Base model
Time 0.040 0.009 4.396 <0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.032 0.011 3.018 0.003*
p-tau181/Aβ42*progression <−0.001 0.133 <−0.001 0.999
Progression*time 0.044 0.020 2.184 0.029*
p-tau181/Aβ42*time*progression −0.010 0.027 −0.381 0.704

Hippocampal volume models
Hippocampus*time −0.011 0.009 −1.236 0.217
Hippocampus*progression 0.083 0.100 0.825 0.411
Progression*time 0.061 0.019 3.219 0.001*
Hippocampus*time*progression −0.030 0.018 −1.654 0.099

ECog attention
Base model
Time 0.028 0.008 3.498 0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.009 0.010 0.886 0.376
p-tau181/Aβ42*progression −0.038 0.150 −0.254 0.780
Progression*time 0.016 0.019 0.846 0.398
p-tau181/Aβ42*time*progression 0.012 0.026 −0.462 0.644

Hippocampal volume models
Hippocampus*time −0.011 0.008 −1.374 0.170
Hippocampus*progression −0.061 0.113 −0.538 0.591
Progression*time 0.015 0.017 0.870 0.385
Hippocampus*time*progression 0.006 0.016 0.346 0.729

ECog spatial navigation
Base model
Time 0.026 0.005 4.843 <0.001*

CSF p-tau181/Aβ42 models
p-tau181/Aβ42*time 0.017 0.006 2.737 0.006*
p-tau181/Aβ42*progression −0.070 0.062 −1.131 0.260
Progression*time 0.022 0.012 1.858 0.064#

p-tau181/Aβ42*time*progression −0.001 0.016 −0.086 0.932
Hippocampal volume models
Hippocampus*time −0.007 0.005 −1.371 0.171
Hippocampus*progression −0.040 0.047 −0.854 0.395
Progression*time 0.028 0.011 2.525 0.012*
Hippocampus*time*progression −0.018 0.011 −1.703 0.089#

Notes. *p< .05; #p< .10. See text for details regarding the analyses.
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than self-reports (Supplementary Table 1). Our results are
consistent with a recent publication by Numbers and collogues
(2023) which reported that informant-reported change in
subjective cognitive complaint reporting was associated with
clinical progression to dementia from cognitive normality, whereas
self-reported change in subjective cognitive complaint reporting
was not. Broadly the current literature suggests that informant-
reported changemay be particularly useful in detecting AD-related
pathological change and clinical progression in individuals farther
along the AD continuum (i.e., MCI or symptomatic AD), whereas
self-reported cognitive change may have more utility in the
preclinical stage (for review see Rabin et al., 2017). However, from a
longitudinal perspective, our results suggest that there may be an
advantage of informant-reported cognitive change in tracking
subtle decline as disease progresses even within the preclinical
stage. It may be the case that informants are better able to observe
and report changes in cognitive ability between time points due to
participants slowly habituating to their changing cognitive abilities
and therefore not readily noticing subtle cognitive change.

Post-hoc examination of total ECog score found generally
similar relationships between total ECog and AD-related bio-
markers to what was observed within ECog subsections. While the
total ECog could be used to monitor subtle change in everyday

cognition, these data support the notion that the 39-item full
questionnaire could be abbreviated to focus on specific domains of
cognition, thus significantly shortened, and the ability to track
longitudinal change would not be meaningfully impacted. A short
form of the ECog has been previously validated (Farias et al., 2011).
Future work could compare the association of ECog subsections
and total ECog short form to determine whether there is benefit of
domain-specific measurement compared to the global short
form scale.

The lack of observed moderating effect is not consistent with a
recent review and meta-analysis of the literature, which both
suggest that increased amyloid pathology or the combination of
increased amyloid and tau results in increased risk of clinical
progression in individuals with subjective cognitive decline
(Rostamzadeh et al., 2022; Scarth et al., 2021). Individuals who
progressed to symptomatic MCI/AD did generally demonstrate
greater change in self- and informant-reported abilities regardless
of biomarker burden, except in the case of self-reported attention
(see Tables 3 and 4). However, there was some inconsistency in
terms of moderating effects of clinical progression on the
relationship between biomarkers and subjective cognitive change
with null findings across self-reported models and mixed results in
informant models. Some observed differences between results with

Table 6. Informant-report sensitivity analyses

Standardized β SE T p-value

ECog memory
Base model

Time 0.075 0.013 5.894 <0.001*
CSF p-tau181/Aβ42 model

p-tau181/Aβ42*time 0.054 0.015 3.711 <0.001*
p-tau181/Aβ42*progression −0.041 0.100 −0.409 0.683
Progression*time 0.111 0.026 4.314 <0.001*
p-tau181/Aβ42*time*progression 0.022 0.035 0.639 0.523

Hippocampal volume model
Hippocampus*time −0.023 0.012 −1.900 0.058#

Hippocampus*progression −0.063 0.071 −0.887 0.377
Progression*time 0.118 0.024 4.983 <0.001*
Hippocampus*time*progression −0.019 0.023 −0.837 0.403

ECog attention
Base model

Time 0.059 0.014 4.253 <0.001*
CSF p-tau181/Aβ42 model

p-tau181/Aβ42*time 0.050 0.016 3.129 0.002*
p-tau181/Aβ42*progression 0.113 0.143 0.796 0.428
Progression*time 0.095 0.029 3.230 0.001*
p-tau181/Aβ42*time*progression −0.006 0.039 −0.144 0.885

Hippocampal volume model
Hippocampus*time −0.022 0.014 −1.655 0.099#

Hippocampus*progression −0.245 0.104 −2.348 0.021*
Progression*time 0.112 0.028 4.056 <0.001*
Hippocampus*time*progression 0.011 0.027 0.419 0.676

ECog spatial navigation
Base model

Time 0.054 0.012 4.659 <0.001*
CSF p-tau181/Aβ42 model

p-tau181/Aβ42*time 0.032 0.014 2.371 0.018*
p-tau181/Aβ42*progression −0.021 0.056 −0.365 0.716
Progression*time 0.100 0.025 4.052 <0.001*
p-tau181/Aβ42*time*progression 0.021 0.033 0.629 0.530

Hippocampal volume model
Hippocampus*time −0.020 0.012 −1.756 0.080#

Hippocampus*progression −0.004 0.041 −0.097 0.923
Progression*time 0.098 0.024 4.158 <0.001*
Hippocampus*time*progression −0.020 0.023 −0.887 0.376

Notes. *p< .05; #p< .10. See text for details regarding the analyses.
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the ratio vs the individual markers could have been related to
outliers, as inclusion/exclusion of outliers changed the results of
several interactions. Notably, there was no overlap between
participants with CSF p-tau181/Aβ42 ratio outliers and participants
with CSF p-tau181 outliers. Significant results in the CSF Aβ42
models may be explained by the hypothesis that cerebral
amyloidosis is the first neuropathological change to occur on
the AD continuum (Jack et al., 2018). The current samples
consisted entirely of clinically normal participants, and it is

possible that as a group we capture a greater range of CSF Aβ42
burden in comparison to CSF p-tau181 burden. It is possible that
individual CSF biomarker-related subjective decline might be
more sensitive to distinguish clinically normal adults who are at
risk of progressing to symptomatic MCI/AD relative to the CSF p-
tau181/Aβ42 ratio. However, these current post-hoc analyses should
be interpreted with caution and require replication. At this time,
taken together, the ECog subsections were robustly able to detect
biomarker-related subjective decline overall, but it is unclear

Figure 3. Change in self- and inform-
ant-reported memory, attention, and
spatial navigation ability based on
baseline CSF Aβ42.
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whether they are sufficiently sensitive to distinguish participants
who went on the develop symptomatic MCI/AD and those who
remained clinically normal.

There are several limitations to this study. First, ADNI
participants are predominately Non-Hispanic White. Thus,
approximately 96% of our sample with CSF data and 98% of
our sample with hippocampal volume data was Non-Hispanic
White. The lack of racial and ethnic representation in our sample
limits generalizability of our findings and precludes examination of
group differences (for review see Gleason et al., 2022). Second, by

nature of using previously collected data through ADNI, we were
unable to control the timing of ECog, clinical, and biomarker data
collection. As a result, these variables were not measured on the
same date, and we had to determine cutoff points for inclusion or
exclusion of data. We attempted to balance the need for a relatively
large sample size and the aim to restrict meaningful status change
at baseline by limiting the delay between ECog and CDR to 1 year
and ECog and biomarker measures to 2 years; however, this does
not guarantee that there was not an impact of time delay between
measures.

Figure 4. Change in self- and inform-
ant-reported memory, attention, and
spatial navigation ability based on
baseline CSF p-tau181.
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Table 7. Self-report post-hoc analyses

Standardized β SE T p-value

ECog memory
CSF Aβ42 models

Aβ42*time −0.019 0.006 −3.056 <0.001*
Aβ42*progression 0.108 0.070 1.542 0.124
Progression*time 0.051 0.013 3.852 <0.001*
Aβ42*time*progression −0.020 0.013 −1.487 0.137

CSF p-tau181 models
p-tau181*time 0.024 0.006 3.848 <0.001*
p-tau181*progression 0.104 0.065 1.603 0.110
Progression*time 0.049 0.014 3.493 0.001*
p-tau181*time*progression −0.011 0.013 −0.844 0.399

ECog attention
CSF Aβ42 models

Aβ42*time −0.004 0.007 −0.649 0.517
Aβ42*progression 0.070 0.078 0.904 0.367
Progression*time 0.021 0.014 1.475 0.141
Aβ42*time*progression −0.011 0.014 −0.758 0.449

CSF p-tau181 models
p-tau181*time 0.009 0.007 1.287 0.199
p-tau181*progression 0.013 0.072 0.176 0.860
Progression*time 0.019 0.015 1.244 0.214
p-tau181*time*progression 0.002 0.014 0.137 0.891

ECog spatial navigation
CSF Aβ42 models

Aβ42*time −0.008 0.004 −2.000 0.046*
Aβ42*progression 0.016 0.031 0.496 0.620
Progression*time 0.029 0.008 3.465 0.001*
Aβ42*time*progression −0.012 0.008 −1.466 0.143

CSF p-tau181 models
p-tau181*time 0.014 0.004 3.671 <0.001*
p-tau181*progression 0.023 0.029 0.778 0.437
Progression*time 0.025 0.009 2.866 0.004*
p-tau181*time*progression −0.005 0.008 −0.619 0.536

Notes. *p< .05. See text for details regarding the analyses.

Table 8. Informant-report post-hoc analyses

Standardized β SE T p-value

ECog memory
CSF Aβ42 models

Aβ42*time −0.029 0.009 −3.442 0.001*
Aβ42*progression <0.001 0.056 0.003 0.998
Progression*time 0.118 0.017 7.061 <0.001*
Aβ42*time*progression −0.038 0.017 −2.282 0.023*

CSF p-tau181 models
p-tau181*time 0.041 0.008 4.992 <0.001*
p-tau181*progression −0.023 0.051 −0.455 0.649
Progression*time 0.106 0.017 6.170 <0.001*
p-tau181*time*progression 0.029/0.041 0.016/0.017 1.845/2.483 0.065#/0.013*

ECog attention
CSF Aβ42 models

Aβ42*time −0.023 0.010 −2.404 0.016*
Aβ42*progression −0.025 0.069 −0.359 0.720
Progression*time 0.109 0.020 5.582 <0.001*
Aβ42*time*progression −0.035 0.019 −1.826 0.068#

CSF p-tau181 models
p-tau181*time 0.036 0.009 3.923 <0.001*
p-tau181*progression −0.022 0.064 −0.341 0.734
Progression*time 0.095 0.020 4.686 <0.001*
p-tau181*time*progression 0.041 0.019 2.218 0.027*

ECog spatial navigation
CSF Aβ42 models

Aβ42*time −0.020 0.007 −2.657 0.008*
Aβ42*progression −0.014 0.025 −0.547 0.585
Progression*time 0.099 0.015 6.495 <0.001*
Aβ42*time*progression −0.035 0.015 −2.299 0.022*

CSF p-tau181 models
p-tau181*time 0.030 0.007 4.218 <0.001*
p-tau181*progression −0.025 0.023 −1.098 0.273
Progression*time 0.092 0.016 5.758 <0.001*
p-tau181*time*progression 0.027/0.039 0.014/0.015 1.882/2.596 0.060#/0.010*

Notes. *p< .05; #p< .10. See text for details regarding the analyses.
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Taken together, the results of this study indicate that baseline
AD biomarker burden was associated with decline of both self- and
informant-reported memory, attention, and spatial navigation
abilities. Cross-sectional work from our group demonstrated that
the self-reported ECog memory, attention, and spatial navigation
subsections were not robust predictors of AD-related biomarker
positivity (Levine et al., 2023). These findings highlight the
potential to use these ECog subsections to monitor subtle cognitive
change occurring in the preclinical phase of AD and suggest that
the ECog subsections may provide greater longitudinal utility than
cross-sectional.

Future research would benefit from comparing the perfor-
mance of the ECog subsections, or other subjective measures, in
tracking cognitive change with objective neuropsychological tasks
in clinically normal individuals. Additionally, it would be
beneficial to compare the ECog with other brief and accessible
cognitive measures, such as automated online neuropsychological
assessments and phone screens, as these methods have also
demonstrated utility in the preclinical stage (Öhman et al., 2021;
Harrington et al., 2022). These comparisons would aid in
identifying the optimal methods for tracking subtle cognitive
change associated with AD pathology.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S135561772300070X
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