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Abstract 

Alzheimer’s disease (AD) is characterized by amyloid-β (Aβ) and tau depositions as well as 

neurodegeneration, and is typically accompanied by a progressive decline in episodic 

memory. Previous research proposes two neural memory networks that process different 

stimulus domains. Specifically, a posterior-medial (PM) and an anterior-lateral (AL) network 

handle scene- and object-specific information, respectively. I aimed to determine if scene- 

and object-based memory follow different trajectories in early AD stages. Moreover, I tested 

where on the AD continuum first alterations in measures of regional atrophy occur. Finally, it 

was assessed if AD proteinopathy and regional atrophy are related to markers of domain-

specific episodic memory. In a sample of N = 121 older adults who were cognitively 

unimpaired (CU) and Aβ negative (CU Aβ-), CU and Aβ positive (CU Aβ+), or had AD-

related mild cognitive impairment (MCI Aβ+), regional atrophy measures were obtained 

using structural magnetic resonance imaging. Aβ and tau burden were quantified using 

positron emission tomography. Participants completed a mnemonic discrimination task 

targeting object- and scene-based episodic memory. Analyses of covariance revealed 

significantly smaller cornu ammonis 2/3 gray matter volumes and a trend towards lower 

object discrimination in the MCI Aβ+ group compared to both CU groups. In the whole 

sample, regression models showed that early tau burden was negatively related to object 

discrimination. Earliest AD-related memory decline might initially affect object-processing 

memory networks and is possibly driven by tau. Neurodegeneration might not mediate the 

relationship of AD proteinopathy and cognition until later AD stages. 

Keywords: Alzheimer’s disease, episodic memory, amyloid-β, tau, atrophy, 

neurodegeneration, mnemonic discrimination, response bias 
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Introduction 

Alzheimer’s disease (AD) is a neurodegenerative disease characterised by depositions 

of amyloid-β (Aβ) plaques and neurofibrillary tangles of hyperphosphorylated tau as well as 

neurodegeneration (Jack et al., 2018). In limbic-dominant AD, a progressive decline in 

episodic memory function is the cardinal cognitive symptom (Vogel et al., 2021). Episodic 

memory is defined as the memory of events that were experienced in a particular time and 

location (Tulving, 1983). AD has been associated with impairment in encoding (Golby et al., 

2005; Sperling et al., 2003), consolidation (Borlikova et al., 2013; Freir et al., 2011), and 

retrieval (Murphy et al., 2008) of experienced episodes. 

Disease progression along the AD continuum is assumed to begin with increasing 

levels of Aβ. Later, elevated biomarkers of tau and neurodegeneration can be observed (Jack 

et al., 2018). Notably, patients may not experience cognitive symptoms as late as 15 to 20 

years after exhibiting first detectible Aβ pathology (Jansen et al., 2015). This preclinical stage 

of AD is followed by a prodromal stage in which patients have mild cognitive impairment 

(MCI). With increasing pathology, a large proportion of patients fulfills diagnostic criteria for 

dementia (Jack et al., 2018). Previous research suggests that AD-related cognitive impairment 

is primarily a consequence of neurodegeneration, particularly in the medial temporal lobe 

(MTL), which, in turn, is caused by proteinopathy (Jack et al., 2009; Mormino et al., 2009). 

However, recent studies reported earliest cognitive impairment to occur independent of 

neurodegeneration (Bejanin et al., 2017; Berron et al., 2021). Hence, further research is 

needed to test if the association of proteinopathy and cognitive decline is fully mediated by 

neurodegeneration or if, especially in earlier AD stages, there are alternative mechanisms 

causing cognitive impairment. 
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Domain-specific episodic memory in AD 

Previous studies using anatomical and functional imaging methods identified two 

cortico-hippocampal memory and information processing networks: a posterior-medial (PM) 

network, including posterior cingulate cortex (PCC), precuneus (Prec), angular gyrus, 

anterior thalamus, medial prefrontal cortex, and parahippocampal cortex (PhC), and an 

anterior-lateral (AL) network, comprising amygdala, anterior ventral temporal cortex, lateral 

orbitofrontal cortex (lOFC), and perirhinal cortex (PrC; Inhoff & Ranganath, 2017; Ritchey et 

al., 2015). The two cortical networks are integrated in the hippocampus mainly via entorhinal 

pathways (Agster & Burwell, 2013; Libby et al., 2014). In terms of their functional 

preferences, the PM network processes spatial and contextual information while the AL 

network primarily handles information on content and items (Inhoff & Ranganath, 2017; 

Ritchey et al., 2015). 

Since the introduction of Aβ and later tau positron emission tomography (PET) 

radiotracers, the spatial distribution of proteinopathy along the AD continuum has been 

increasingly understood. For tau, the results obtained in PET studies largely correspond to 

earlier histopathological autopsy studies, strengthening the assumption of stereotypical tau 

spreading (Schöll et al., 2016; Schwarz et al., 2016). Tau accumulation is assumed to follow a 

spatiotemporal pattern that is commonly described using the Braak staging framework. Here, 

six stages of tau pathology are defined (Braak stages I-VI; Braak & Braak, 1991): Initially, 

tau depositions can be found in the transentorhinal region, which overlaps with Brodmann 

area (BA) 35 and parts of the entorhinal cortex. This stage is followed by further depositions 

in the medial and basal temporal lobes before other isocortical regions are affected. In earlier 

stages of AD, sites of tau aggregation overlap with regions of the AT system. With 

progression of the disease, tau starts being detectible in regions of the PM system, too 

(Berron et al., 2021; Ossenkoppele et al., 2018; Pascoal et al., 2020). Meanwhile, Aβ is found 
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in isocortical regions of the PM system in earliest stages of AD before diffusely spreading 

throughout the cortex (Palmqvist et al., 2017; Villeneuve et al., 2015). The different 

spatiotemporal trajectories of tau and Aβ accumulations may reflect in a distinctly 

progressing object- and scene-based episodic memory impairments along the AD continuum. 

In fact, Maass et al. (2019) reported negative relationships of AT tau with object-based 

mnemonic discrimination and PM Aβ with scene-based mnemonic discrimination in a sample 

of healthy controls and older adults who were either cognitively unimpaired (CU), had MCI, 

or AD dementia. However, other studies support the notion of domain-specific memory loss 

being primarily driven by tau rather than Aβ, suggesting that PM-based function decreases 

only in the presence of local tau (Berron et al., 2019; Stark & Stark, 2017). Given the 

inconclusive results and small number of published studies, further research is needed to 

identify the causal mechanisms underlying domain-specific episodic memory loss and its 

relationship with AD pathology. 

 

Subregional distinctions within the MTL 

The MTL is essential for episodic memory (Eichenbaum et al., 2007) and its 

vulnerability to AD-related neurodegeneration is assumed to explain the large proportion of 

AD patients experiencing amnestic symptoms (Jagust, 2018). However, this vulnerability 

differs considerably among subregions of the MTL. Tau is first found in the transentorhinal 

region and, inside the hippocampus, at the border of cornu ammonis (CA) 1 and subiculum 

(Sub). Later, tau accumulates in the whole entorhinal cortex (ErC) and CA1 as well as other 

hippocampal subfields (i.e., CA2; dentate gyrus, DG; and CA3) and parahippocampal regions 

of the MTL (Lace et al., 2009). Additionally, MTL subregions are differently involved in the 

PM and AT systems. Specifically, the PrC and AL ErC are associated with the AL network 

while the PhC and PM ErC are embedded in the PM network (Inhoff & Ranganath, 2017). 
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Moreover, hippocampal subfields have been linked to different processes and operations of 

episodic memory. DG has been found to contribute to pattern separation (Neunuebel & 

Knierim, 2014), the process of reducing interference by assigning distinct memory traces to 

similar information (Yassa & Stark, 2011). Meanwhile, retrieving information from 

incomplete cues is facilitated by pattern completion which has been associated with activity 

in CA3 (Neunuebel & Knierim, 2014). While previous studies report AD-related atrophy in 

different hippocampal subfields (e.g., de Flores et al., 2015; Müller-Ehrenberg et al., 2018; 

Wisse et al., 2014), the relationships of hippocampal subfield atrophy, proteinopathy, and 

cognition, especially in early AD stages, has not been resolved yet. Importantly, 

neuroimaging studies of MTL subregions face the problem that most automated segmentation 

tools do not consider interindividual anatomical differences. In fact, characteristics of certain 

anatomical hallmarks can have a substantial influence on how MTL subregions are defined 

on an individual level (Ding & Van Hoesen, 2010). Especially in larger samples, manual 

segmentation is often not feasible, leading to deficient anatomical precision. 

 

Possible facets of AD-related alterations in episodic memory 

Paradigms testing recognition memory commonly use new (i.e., not previously 

studied) and old (i.e., previously studied) stimuli for each of which participants are asked to 

judge if it was presented before. While most studies following this schema focus on 

participants’ ability to tell apart studied and unstudied stimuli (mnemonic discrimination), 

differences in response bias are often neglected. Response bias refers to someone’s tendency 

to respond "new" or "old" when actually being uncertain (Snodgrass & Corwin, 1988). In 

such instances, individuals with a liberal response bias tend towards responding "new" 

whereas those with a conservative response bias rather respond "old". When solely focusing 

on mnemonic discrimination, one neglects that a certain discrimination performance can be 



 

 

7 

the result of a wide range of response tendencies and/or strategies. For instance, high hit rates 

(HRs; i.e., correctly identifying a studied stimulus as old) accompanied by high false alarm 

rates (FARs; i.e., falsely identifying an unstudied stimulus as old) reflect a similar level of 

mnemonic discrimination to low HRs accompanied by low FARs. Yet, the response biases 

underlying these performance outcomes are fundamentally different – high HRs with high 

FARs are the results of a liberal response bias and low HRs with low FARs indicate a 

conservative response bias.  

Budson et al. (2006) demonstrated why considering response bias adds a valuable 

behavioral dimension when studying recognition memory in (pathological) aging. In their 

study, AD patients exhibited a more liberal response bias in a verbal memory task compared 

to healthy older adults. This effect remained when matching the two groups for 

discrimination performance. Further previous studies reported similar findings of AD patients 

exhibiting a more liberal response bias (Deason et al., 2017; Russo et al., 2017). However, a 

recent study did not find evidence of AD-related changes in response bias (van den Berg et 

al., 2020). Generally, AD-related changes in response bias are not well understood as 

previous evidence is inconclusive. Most earlier studies also lack AD biomarker data and, 

hence, cannot answer how Aβ and tau burden are related to response bias. 

 

The present study 

With the present study, I pursue three objectives. First, my study tests if memory 

decline along the AD continuum differs between object- and scene-based episodic memory. 

Second, I aim to identify where on the AD continuum earliest regional atrophy in the PM and 

AL networks can be observed. Third, I investigate if early Aβ and tau burden as well as 

regional PM and AL atrophy are related to domain-specific mnemonic discrimination and 



 

 

8 

response bias. Fourth, I test if the relationship of Aβ and tau burden with domain-specific 

mnemonic discrimination and response bias is mediated by regional PM and AL atrophy. 

Older adults who were CU and Aβ-negative (CU Aβ-), CU and Aβ-positive (CU 

Aβ+), or had AD-related MCI (MCI Aβ+) were recruited from the Swedish BioFINDER-2 

(BF-2) cohort. Participants underwent high-resolution structural MRI (sMRI) at 7 Tesla (T) 

field strength, 3 T sMRI, as well as [18F]Flutemetamol and [18F]RO948 PET. Indicators of 

object- and scene-based mnemonic discrimination and response bias were obtained using a 

mnemonic discrimination task. 

 

Methods 

Participants 

Participants were allocated a diagnostic group based on their cognitive and Aβ 

statuses. Participants were either cognitively unimpaired (CU) or exhibited mild cognitive 

impairment (MCI). Inclusion criteria for the CU group were (a) being aged ≥ 50 years old, (b) 

a Mini Mental State Examination (MMSE; Folstein et al., 1975) score ≥ 26, (c) not fulfilling 

the criteria for MCI or dementia according to DSM-5 (American Psychiatric Association, 

2013), (d) exhibiting no cognitive symptoms as assessed by a physician, and (e) being fluent 

in Swedish. Inclusion criteria for the MCI group were (a) being aged ≥ 50 years old, (b) 

having been referred to a memory clinic due to cognitive symptoms, (c) an MMSE score ≥ 

24, (d) not fulfilling the DSM-5 criteria for dementia, and (e) a performance lower than –1.5 

SD in at least one cognitive domain assessed through a neuropsychological test battery with 

respect to age and education stratified norms. The neuropsychological test battery covered the 

following cognitive domains: attention/executive function (Trail Making Test A and B; 

Reitan, 1955; and Symbol Digit Modalities Test; Smith, 1982), memory (10-word immediate 

and delayed recall from the Alzheimer’s Disease Assessment Scale; Mohs, 1996), verbal 
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ability (animal fluency and the 15-word short version of the Boston Naming Test, Kaplan et 

al., 2001), and visuospatial function (incomplete letters and cube analysis from the Visual 

Object and Space Perception battery; Warrington & James, 1991). Aβ status was determined 

using CSF Aβ42/Aβ40 ratio. The cutoff of 0.63 determining Aβ positivity was obtained using 

Gaussian mixture modeling. In the present study, CU Aβ-, CU Aβ+, and MCI Aβ+ groups 

were distinguished. 

Out of N = 144 recruited participants, n = 121 (60 CU Aβ-, 41 CU Aβ+, 20 MCI Aβ+) 

were included in the final sample. Exclusions were due to missing structural MRI data (n = 

4), insufficient quality of MTL segmentations (n = 3), missing data from the mnemonic 

discrimination task (n = 10), mean mnemonic discrimination performance equal to or lower 

than chance (details in Mnemonic discrimination task) and/or irregularities during the 

mnemonic discrimination task indicating invalid performance (n = 6). Aβ-PET was missing 

for one CU Aβ- participant. Tau-PET was available for the whole sample. Participants gave 

written informed consent to participate and were informed that they could withdraw from the 

study at any time. The study was approved by the ethical review board in Lund, Sweden. 

 

Materials and measures  

Imaging 

sMRI. To obtain measures of subregional PM and AL cortical thickness, participants 

underwent 3T sMRI in a Siemens 3 T MAGNETOM Prisma MR system (Siemens Medical 

Solutions). Whole-brain T1-weighted images with 1mm isotropic voxels were obtained using 

a magnetization-prepared rapid gradient echo (MPRAGE) sequence. Whole-brain T2-

weighted images with 0.4 x 0.4 x 2.0 mm voxels were collected using Turbo Spin Echo 

(TSE) imaging. Detailed multi-atlas segmentation of the MTL was performed using the 

Automated Segmentation of Hippocampal Subfields algorithm (ASHS; Yushkevich et al., 
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2015). ASHS is a publicly available, open-source multi-atlas joint label fusion (JFL) 

algorithm which generates MTL segmentation masks from an atlas of manually segmented 

images (https://sites.google.com/view/ashs-dox/cloud-ashs/cloud-ashs-for-t2-mri; 

Yushkevich et al., 2015). Importantly, one of the advantages of using ASHS is that it 

considers neuroanatomical features (e.g., depth of the collateral sulcus) for high precision of 

MTL segmentations. Outside the MTL, FreeSurfer (v6.0; http://surfer.nmr.mgh.harvard.edu) 

was used to obtain average cortical thickness for PM (inferior parietal cortex, IPC; isthmus 

cingulate, IsthCing; lateral occipital cortex, LOC; medial orbitofrontal cortex, mOFC; PCC; 

Prec) and AL ROIs (inferior temporal cortex, ITC; lOFC; temporal pole, TP). 

Hippocampal subfield volumetry was obtained using a 7 T Philips Achieva AS MR 

system (Philips Healthcare). High-resolution (0.4 x 0.4 x 1.00 mm voxel size) T2-weighted 

TSE imaging captured a slab covering the whole coronal plane and the entire length of the 

hippocampus on the posterior-anterior axis. Additionally, T1-weighted whole-brain 

MPRAGE images with 0.7mm3 isotropic voxels were obtained. ASHS was used to derive 

ROI-based gray matter volumes (GMVs) for CA1, CA2/3, DG, Sub, and hippocampal tail 

(HT). GMVs were adjusted for intracranial volume (ICV; GMVadj. =
GMV ∙ 10000

ICV
). In n = 8 

participants (1 CU Aβ-, 3 CU Aβ+, 4 MCI Aβ+), image quality at 7 T was insufficient for 

hippocampal subfield segmentation. In these cases, hippocampal subfield GMVs were 

derived from 3 T sMRI. In the whole sample, the average time interval between 3 T and 7 T 

sMRI was –117 days (SD = 201.82; min = –489; max = 347) 

All subregional masks were visually assessed. Hippocampal subregional masks were 

edited if required. ASHS includes a machine learning algorithm which is designed to correct 

systematic errors of JFL results at voxel level (Wang et al., 2011). After visual inspection of 

JFL results before and after correction, it was decided to use corrected masks for 3 T sMRI 

images and uncorrected masks for 7T sMRI images. 
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PET. PET data was acquired on a digital GE Discovery MI PET/CT system (General 

Electric Medical Systems). Aβ PET was performed 90–100 min. after the injection of ∼185 

MBq [18F]Flutemetamol. Standardized uptake value ratio (SUVr) images were calculated for 

a region of interest (ROI) exhibiting earliest Aβ in AD (for details, see Palmqvist et al., 2017) 

using the entire cerebellum for reference (Thurfjell et al., 2014). For tau PET, dynamic LIST-

mode acquisition was performed 70–90 min. after the injection of 365±20 MBq of 

[18F]RO948. SUVr images were calculated for an ROI corresponding to the tau accumulation 

sites of Braak stages I and II (Braak & Braak, 1991) with the inferior cerebellum as the 

reference region (Baker et al., 2017). PET images were registered and normalized to a 

template calculated from 3 T T1-weighted MPRAGE images. Approval for tau PET was 

given by the Swedish Medical Products Agency. 

 

Mnemonic discrimination task 

Participants performed a mnemonic discrimination task during a functional MRI scan 

which was acquired during the same session as the 7 T sMRI scan. The mnemonic 

discrimination task has been used previously in similar settings and samples (e.g., Adams et 

al., 2021; Berron et al., 2018; Maass et al., 2019). Participants were presented sequences of 

four stimuli. A sequence could contain stimuli of only objects or scenes. While the first two 

stimuli were always new, the subsequent two stimuli were either an exact repetition or a 

slightly modified version (lure) of one of the first two stimuli in the sequence. Participants 

were asked to indicate for each stimulus whether it was new (i.e., the stimulus had not been 

presented before) or old (i.e., the stimulus had been presented before). Participants were 

instructed that similar, but not identical, stimuli should be considered new. Before scanning, 

participants performed a short training outside the scanner to familiarise with the task. During 

the fMRI scan, participants completed a total of 128 sequences (i.e., 256 trials). As the 
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number of trials was balanced across domains and stimulus pairings, 32 first-repeat pairs and 

32 first-lure pairs were presented per domain. A detailed description of the mnemonic 

discrimination task can be found in a previous publication by Berron et al. (2018). 

Following the recommendations by Snodgrass & Corwin (1988), Pr and Br were 

chosen as indices of discrimination and response bias, respectively. To obtain the two 

behavioural outcomes, HRs and FARs were calculated for each domain as follows:  

HRdomain =
hitsdomain+0.5

repetitionsdomain+1
; FARdomain =

false alarmsdomain+0.5

luresdomain+1
 

Pr is a measure of discrimination that, under the assumption that FARs and HRs are 

inversely related, corrects HRs for the influence of lucky guesses made in uncertainty and is 

calculated using: 

𝑃𝑟domain = HRdomain − FARdomain 

Pr can range between –1 and 1 with higher values indicating better discrimination. As Pr = 0 

can be achieved by random responding, only cases of Pr > 0 were included. This criterion 

was applied to mean Prs across domains as Pr > 0 in one domain was assumed to reflect that 

the task was generally understood by the participants.  

The bias index Br can be expressed as follows: 

𝐵𝑟domain =
FARdomain

1 − (HRdomain − FARdomain)
 

Br can range between 0 and 1, with 0.5 indicating a balanced response bias. Br < 0.5 reflects 

a conservative bias while Br > 0.5 corresponds to a liberal bias. 

 

Statistical analyses 

All statistical analyses were implemented in R (v.4.0.5; www.r-project.org). The 

threshold for statistical significance was two-sided and set at p < .05 at all times. Correction 

for multiple comparisons using False-Discovery Rate detection was applied where required. 



 

 

13 

To test for interaction effects of diagnostic group and domain on Prs and Brs, two 

two-way mixed analyses of covariance (ANCOVAs) were conducted. The models included 

diagnostic group, domain, and their interaction as independent variables as well as age, sex, 

and years of education as control variables. To test for differences between diagnostic groups 

in regional atrophy measures, one-way independent ANCOVAs were calculated for each 

sMRI outcome (i.e., hippocampal GMVsadj and extrahippocampal cortical thicknesses). Age 

was included as a covariate. For all ANCOVA models, dependent variables were log-

tranformed if heterogeneous variances were identified by Levene tests using the leveneTest 

function in the car package (v.3.0-10; Fox & Weisberg, 2019). Covariate-adjusted outcome 

means were obtained using the effects function in the stats package (v.3.6.2; R Core Team, 

2021). Tukey post-hoc tests, implemented in the glht function from the multcomp package 

(v.1.4-16; Hothorn et al., 2008), were used to follow up significant main effects by 

calculating pairwise contrasts. Effect sizes partial η2 and Cohen’s d were obtained using the 

etaSquared function from the lsr package (v.0.5; Navarro, 2015) and the mes function 

compute.es package (v.0.2-5; Del Re, 2013), respectively. As age was included as a covariate 

and one-way analysis of variance revealed that groups differed in age (F(2, 118) = 8.34, p < 

.001, partial η2 = .12), an age-balanced subsample was used to calculate the ANCOVAs (n = 

108, 12 CU Aβ- and 1 CU Aβ+ excluded). 

To investigate the relationship of Aβ and tau SUVrs as well as regional atrophy 

measures with task outcomes, multiple linear regression models were calculated. Each model 

predicted a task outcome by a PET or sMRI measure and was calculated for the whole sample 

and for each diagnostic group separately. All multiple linear regression models included age, 

sex, and years of education as a covariate. If a model showed a significant effect of an sMRI 

measure on a task outcome, it was tested if this relationship was part of a mediation effect of 

atrophy on the association of proteinopathy and cognition. For each identified pair of sMRI 
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measure and task outcome, one mediation model using Aβ SUVr and another mediation 

model using tau SUVr as the independent variable were calculated. Mediation analyses were 

run using the mediate function in the mediation package (v.4.5.0; Tingley et al., 2014) with 

95% confidence intervals (CIs) being generated through quasi-Bayesian Monte Carlo 

simulations. In all linear models, outliers with high leverage were excluded if their Cook’s 

distance exceeded the cutoff of 4/N (Altman & Krzywinski, 2016). 

 

Results 

Sample characteristics 

An overview of whole sample and the diagnostic groups is provided in Table 1. 

Characteristics of the ANCOVA subsample can be found in the appendix (Table A1). 

 

Interaction effects of domain and diagnostic group on task outcomes 

 For Prs, ANCOVAs showed significant main effects of age (F(1, 197) = 80.09, p < 

.001, partial η2 = .23), years of education (F(1, 197) = 6.23, p = .013, r = .17, partial η2 = 

.03), diagnostic group (F(2, 197) = 6.29, p = .002, partial η2 = .07), and domain (F(1, 197) = 

38.72, p < .001, partial η2 = .11). Tukey post-hoc tests revealed lower Prs in the scene 

condition (Madj. = 0.21, 95% CI [0.19; 0.23]) compared to Prs in the object condition (Madj. = 

0.32, 95% CI [0.29; 0.34]; t = –5.03, p < .001, d = 0.61). Prs in the MCI Aβ+ group (Madj. = 

0.21, 95% CI [0.17; 0.25]) were significantly lower than in the CU Aβ- (Madj. = 0.26, 95% CI 

[0.24; 0.29], t = –3.04, p = .007, d = –0.25) and CU Aβ+ (Madj. = 0.29, 95% CI [0.27; 0.32], t 

=– 3.76, p < .001, d = –0.37) groups. The interaction effect of diagnostic group and domain 

was not significant (F(2, 197) = 2.26, p = .107, partial η2 = .02). In the adjusted means, a 

trend towards lower Prs in the object condition could be observed in the MCI Aβ+ group 

(Madj. = 0.22, 95% CI [0.17; 0.28]) compared to the CU Aβ- (Madj. = 0.33, 95% CI 
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Table 1 

Sample characteristics 

 CU Aβ- CU Aβ+ MCI Aβ+ Whole Sample 

n 60 41 20 121 

Females (%) 29 (48.33%) 21 (51.22%) 11 (55.00%) 61 (50.41%) 

Age (SD) 65.52 (10.35) 70.98 (8.00) 73.70 (4.81) 68.72 (9.42) 

Years of education (SD) 12.79 (3.12) 11.95 (2.99) 11.82 (4.22) 12.35 (3.28) 

     

Pr (objects) (SD) 0.38 (0.20) 0.37 (0.20) 0.19 (0.11) 0.35 (0.20) 

Pr (scenes) (SD) 0.26 (0.16) 0.23 (0.13) 0.17 (0.11) 0.23 (0.15) 

Br (objects) (SD) 0.77 (0.22) 0.74 (0.21) 0.74 (0.26) 0.75 (0.22) 

Br (scenes) (SD) 0.74 (0.21) 0.74 (0.17) 0.73 (0.21) 0.74 (0.19) 

     

Early Aβ ROI SUVr 

(SD) 

0.64 (0.03) 0.91 (0.18) 1.01 (0.20) 0.80 (0.20) 

Braak I/II tau SUVr (SD) 1.25 (0.18) 1.54 (0.40) 1.86 (0.38) 1.45 (0.38) 

     

MMSE (SD) 28.97 (1.12) 28.66 (1.37) 27.15 (2.03) 28.56 (1.52) 

ADAS delayed word 

recall (SD) 

2.62 (1.81) 3.32 (1.85) 6.65 (2.60) 3.52 (2.43) 

Symbol Digit Modalities 

Test (SD) 

43.53 (11.73) 38.62 (10.57) 28.00 (8.52) 39.40 (12.11) 

Animal fluency (SD) 24.50 (6.43) 22.37 (6.15) 14.10 (5.58) 22.06 (7.17) 

 

Note. ADAS = Alzheimer’s Disease Assessment Scale. Aβ = amyloid-β. CU = cognitively unimpaired. MCI = 

mild cognitive impairment. ROI = region of interest. SD = standard deviation. SUVr = standardized uptake 

value ratio. 

 

 [0.29; 0.36]) and CU Aβ+ (Madj. = 0.35, 95% CI [0.31; 0.39]) groups. Prs in the scene 

condition were relatively stable across groups (CU Aβ-: Madj. = 0.20, 95% CI [0.16; 0.23], CU 

Aβ+: Madj. = 0.24, 95% CI [0.20; 0.28]; MCI Aβ+: Madj. = 0.19, 95% CI [0.14; 0.25]).  

For Brs, age (F (1, 195) = 5.33, p = .022, partial η2 = .01) and years of education (F 

(1, 195) = 11.63, p = .001, partial η2 = .06) exhibited significant main effects. There were no 

significant main effects of sex (F (1, 195) = 0.66, p = .418, partial η2 = .00), diagnostic group 

(F (2, 195) = 0.34, p = .710, partial η2 = .00), or domain (F (1, 195) = 0.00, p = .999, partial 

η2 = .00) as well as no significant interaction effect of diagnostic group and domain (F (2, 

195) = 0.00, p = .999, partial η2 = .00). Figure 1 displays the covariate-adjusted means of Prs 

and Brs and their 95% CIs in each diagnostic group. 
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Diagnostic group differences in regional atrophy measures 

 ANCOVAs showed a significant effect of diagnostic group on CA2/3 GMVadj (F(2, 

101) = 6.26, pfdr = .014, partial η2 = .09). Tukey post-hoc tests were significant for the 

contrasts of MCI Aβ + versus CU Aβ- (t = –2.90, p = .012, d = –0.40) and MCI Aβ+ versus 

CU Aβ+ (t = –3.49, p = .002, d = –0.47). There was no significant difference between the CU 

Aβ+ and CU Aβ- groups in CA2/3 GMVadj. (t = 0.81, p = .693, d = 0.11). In CA1 (F(2, 99) = 

3.79, pfdr = .057, partial η2 = .09), DG (F(2, 98) = 4.10, pfdr = .057, partial η2 = .09), Sub (F(2, 

102) = 3.10, pfdr = .059, partial η2 = .07), and HT (F(2, 99) = 2.86, pfdr = .068, partial η2 = 

.07), effects of diagnostic group on GMVadj were significant before but not after FDR 

correction. In all of these outcomes, there was a trend towards lower GMVsadj in MCI Aβ+ 

group versus the CU Aβ+ group. Surprisingly, all hippocampal subfield GMVsadj except HT 

GMVsadj tended towards being larger in the CU Aβ+ group than in the CU Aβ- group. This 

Figure 1 

Mean values of mnemonic discrimination task outcomes across diagnostic groups 

 

Note. Mean values are adjusted for age, sex, and years of education. The error bars display 95% confidence 

intervals. Aβ = amyloid-β. CU = cognitively unimpaired. MCI = mild cognitive impairment 
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trend could be observed in raw and adjusted means but did not reach statistical significance 

before or after FDR correction. There were no significant effects of diagnostic group on 

median cortical thickness in ErC (F(2, 100) = 1.08, pfdr = .415, partial η2 = .02), BA35 (F(2, 

101) = 3.66, pfdr = .235, partial η2 = .04), BA36 (F(2, 99) = 1.97, pfdr = .235, partial η2 = .03), 

and PhC (F(2, 104) = 0.35, pfdr = .830, partial η2 = .01) ROIs, or on average cortical thickness 

of IPC (F(2, 103) = 2.11, pfdr = .235, partial η2 = .04), IsthCing (F(2, 100) = 1.77, pfdr = .254, 

partial η2 = .03), LOC (F(2, 99) =0.09, pfdr = .963, partial η2 = .00), mOFC (F(2, 98) = 3.37, 

pfdr = .235, partial η2 = .05), PCC (F(2, 100) = 2.13, pfdr = . 235, partial η2 = .05), Prec (F(2, 

101) = 1.08, pfdr = .415, partial η2 = .01), ITC (F(2, 101) = 3.94, pfdr = .235, partial η2 = .05), 

Note. Mean values in are adjusted for age. The error bars display 95% confidence intervals. **pfdr< .01. * pfdr < .05. Aβ = 

amyloid-β. BA = Brodmann area. CA = cornu ammonis. CU = cognitively unimpaired. DG = dentate gyrus. ErC = 

entorhinal cortex. GMV = gray matter volume. HT = hippocampal tail. IPC = inferior parietal cortex. IsthCing = isthmus 

cingulate. ITC = inferior temporal cortex. LOC = lateral occipital cortex. lOFC = lateral orbitorfrontal cortex. MCI = mild 

cognitive impairment. mOFC = medial orbitorfrontal cortex. Sub = subiculum. TP = temporal pole. PCC = posterior 

cingulate cortex. PhC = parahippocampal cortex. Prec = Precuneus 

Figure 2 

Mean values sMRI outcomes across diagnostic groups 

 

Figure 2 

Mean values sMRI outcomes across diagnostic groups 
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lOFC (F(2, 102) = 2.12, pfdr = . 235, partial η2 = .04), and TP (F(2, 99) = 2.59, pfdr = .235, 

partial η2 = .04) ROIs. Figure 2 displays the covariate-adjusted, group-wise means of all 

sMRI outcomes and their 95% CIs. A summary of all ANCOVA models predicting sMRI 

outcomes can be found in Table 2. 

Predicting task outcomes through proteinopathy and structural atrophy 

In the whole sample, Braak I/II ROI tau SUVr significantly explained variance in Prs 

in the object condition (n = 113, F(5, 108) = 30.16, R2
adj. = .51, b = –0.11, β = –.021, pfdr = 

.007). There was no effect of tau SUVr signal on Prs in the scene condition (n = 111, F(5, 

Note. The displayed coefficients b are adjusted for age, sex, and years of education. A n = 113, F(5, 108) = 30.16, R2
adj.. 

=.51, b= –0.11, β=–.021, pfdr =.007). B n = 111, F(5,106)=25.60, R2
adj. =.47,b = –0.10, β=0.04, pfdr = .629. C n = 113, F(5, 

108) = 14.38, R2
adj. = .32, b = 0.01, β = –0.09, pfdr < .369. D n = 113, F(5, 108) = 14.18, R2

adj. = .32, b = 0.05, β = –0.14, pfdr 

= .321). ** pfdr < .01. SUVr = standardised uptake value ratio. ROI = region of interest. 

 

Figure 3 

Associations of object-specific (A, B) and scene-specific (C, D) mnemonic discrimination 

with Braak I/II ROI tau SUVr (A, C) and early Aβ ROI SUVr (B, D) in the whole sample. 
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106) = 25.60, R2
adj. = .47, b = –0.10, β = 0.04, pfdr = .629), or on Brs in the object (n = 113, 

F(5, 108) = 14.38, R2
adj. = .32, b = 0.01, β = –0.09, pfdr < .369) and scene condition (n = 113, 

F(5, 108) = 14.18, R2
adj. = .32, b = 0.05, β = –0.14, pfdr = .321). Early Aβ ROI SUVr and 

sMRI outcomes did not contribute significantly to the prediction of task outcomes. The 

relationships of PET outcomes and Prs are visualized Figure 3. Overviews of all multiple 

linear regression models are provided in Tables A2–A17 of the Appendix. 

 

Mediation effects of sMRI measures on the relationship of Aβ and tau PET signal with 

task outcomes 

Due to the lack of significant associations of sMRI and task outcomes, no mediation 

analyses were run. 

 

Discussion 

In the present study, I used a mnemonic discrimination task, ROI-based sMRI, as well 

as Aβ and tau PET to explore the trajectories and relationships of domain-specific episodic 

memory, regional atrophy, and proteinopathy in early stages of AD. There was no statistically 

significant evidence of different trajectories in object- compared to scene-based memory. 

However, there was a trend of lower object discrimination in the MCI Aβ+ group compared 

to the CU groups. For scene-based mnemonic discrimination as well as object- and scene-

specific response bias, relatively stable outcomes could be observed across diagnostic groups. 

Participants with AD-related MCI had smaller CA2/3 GMVs compared to CU Aβ+ and CU 

Aβ- participants. Trends towards smaller GMVs in the MCI Aβ+ group compared to the two 

CU groups were observed for all other hippocampal subfields. Aside from an association of 

tau PET signal and object-based mnemonic discrimination in the whole sample, I found no 
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significant predictions of domain-specific mnemonic discrimination or response bias by 

measures of regional atrophy or early Aβ and tau burden. 

Given the trend of lower object discrimination in the MCI Aβ+ group compared to the 

CU groups, my findings suggest that on the AD continuum, cognitive decline might occur 

first in object-based processing before it affects scene-based processing. As this trend is 

driven by low object discrimination in the MCI Aβ+ group, it is likely that the interaction 

effect of diagnostic group and domain did not reach statistical significance due to the low 

sample size in this specific group. Generally, this trend is in line with previous studies 

suggesting a greater vulnerability of the AT than the PM system to cognitive losses due to 

normal ageing (Reagh et al., 2016; Stark & Stark, 2017) and AD (Berron et al., 2019; Didic et 

al., 2011; Fidalgo et al., 2016). I also observed a negative relationship of early tau, but not 

Aβ, burden with object-based mnemonic discrimination in the whole sample. This result 

corresponds to a study by Berron et al. (2019), who showed declining object- but not scene-

based mnemonic discrimination with increasing CSF p-tau and t-tau in a sample of healthy 

older adults and AD patients. Here, associations of CSF Aβ 42/ Aβ 40 ratio were found neither 

for object- nor scene-specific mnemonic discrimination. While only few studies have 

investigated the distinct effects of Aβ and tau pathology on domain-specific episodic 

memory, a larger body of research has focused on their impact on global cognition. 

Supporting my findings of tau-related cognitive decline, it has been proposed that cognitive 

impairment cannot be explained by Aβ alone but requires the presence of tau as a driving 

force (Jack et al., 2019; Soldan et al., 2016; Sperling et al., 2019). In fact, it has been reported 

that local tau is related to region-specific cognition in older adults with AD-related MCI or 

AD dementia (e.g., tau PET signal in the left temporal lobes being negatively related to 

semantic memory; Bejanin et al., 2017). Given these findings, the question arises if a local 

impact of tau pathology on cognition can be observed independently in the PM and AT 
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systems. So far, this effect has been shown in only one sample (Maass et al., 2019) and will 

have to be replicated elsewhere. Notably, the authors also found a negative association of 

local Aβ burden in the PM system with scene-based mnemonic discrimination, which I could 

not observe in my data. However, the effect of PM Aβ on scene-based mnemonic 

discrimination reported by Maass et al. was considerably weaker than the effect of local AT 

tau on object-based mnemonic discrimination. Aβ might still impact scene-based episodic 

memory before an object-specific cognitive decline occurs. If this is the case, the effect is 

probably extremely small and requires larger sample sizes and/or more sensitive methods. It 

is also important to consider that, in the present study, mnemonic discrimination performance 

was less varied in scene condition compared to object condition. Thus, differences in scene-

based mnemonic discrimination may have required higher statistical power to be detected. 

Moreover, I found that across all groups, discrimination performance was lower in the scene 

condition compared to the object condition. Thus, floor effects may have concealed group 

differences in scene-based mnemonic discrimination. 

Surprisingly, the only significant difference between diagnostic groups in regional 

atrophy was found in the hippocampal CA2/3 subfield. Lower CA2/3 GMV in MCI patients 

with abnormal Aβ has been described elsewhere (Wisse et al., 2014). However, the majority 

of studies investigating structural integrity of hippocampal subfields over the course of AD 

support the notion of atrophy first emerging in CA1 and Sub before other subfields are 

subsequently affected (de Flores et al., 2015). This spatiotemporal order of atrophy is 

plausible given that among hippocampal subfields, CA1 is the earliest to be affected by tau 

(Lace et al., 2009) and that tau has been associated with subsequent local atrophy (La Joie et 

al., 2020; Xie et al., 2020). While higher vulnerability of CA1 and Sub to AD-related 

neurodegeneration was not reflected in my data, it is important to note that trends of smaller 

GMV in MCI Aβ+ individuals could be observed across all subfields, and not just CA2/3. 
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These trends not reaching statistical significance may be due to the small size of the MCI 

Aβ+ group (i.e., the group that exhibited highest tau PET signal and might thus be most prone 

to neurodegeneration) as well as the fact that the chosen statistical analyses required 

impactful statistical corrections for multiple comparisons. Generally, my data shows a trend 

of AD-related regional atrophy first occurring in the hippocampus before other cortical 

regions are affected. This is in line with previous research (Jagust, 2018). 

Moreover, I found trends of larger hippocampal subfield GMVs in the CU Aβ+ group 

compared to the CU Aβ- group. This tendency is in line with some previous reports of non-

linear relationships of Aβ burden and hippocampal subfield volumes. For instance, Müller-

Ehrenberg et al. (2018) showed quadratic relationships of subfield (CA1-4, DG, Sub) GMVs 

and CSF Aβ42 levels in a sample including demented and non-demented older adults from the 

Alzheimer’s Disease Neuroimaging Initiative cohort. Such non-linear effects have been 

shown for cortical thickness in a cross-sectional (Fortea et al., 2011, 2014; Montal et al., 

2018) but also longitudinal (Pegueroles et al., 2017) studies. Montal et al. (2021) suggest that 

Aβ initially drives an increase in cortical thickness and a decrease in cortical diffusivity 

already about 20 years before symptom onset. When tau starts becoming abnormal, Montal et 

al. propose that the two proteinopathies interact, resulting in cortical thinning and increased 

cortical diffusivity. 

I did not find evidence of domain-specific episodic memory being related to regional 

atrophy in the MTL as well as the PM and AT systems. If not related to structural losses, is 

possible that domain-specific memory decline in early AD is instead linked to decreasing 

functional integrity. This assumption is plausible, especially in the light of previous studies 

showing the detrimental effect of tau on resting-state and task-based markers of functional 

integrity (Adams et al., 2021; Franzmeier et al., 2019, 2020; Maass et al., 2019). 

Additionally, recent studies suggested memory impairment to be primarily driven by tau-
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related functional alterations in CU before the relationship of tau and memory is mediated by 

structural losses in MCI (Berron et al., 2020, 2021). If structural effects on cognition do not 

occur before the MCI stage of AD, it is likely that the present MCI Aβ group was too small to 

reflect this effect.  

In the present study, no differences in AD diagnostic groups were found for domain-

specific response bias. This contrasts previous studies reporting a more liberal response bias 

in AD patients compared to healthy controls (Budson et al., 2006; Deason et al., 2017; Russo 

et al., 2017). These studies did not assess AD biomarkers and were limited to comparisons of 

patients with MCI or AD dementia with healthy controls. Hence, my study is the first one to 

investigate if a more liberal response bias already occurs in CU individuals with abnormal Aβ 

and suggests that this is not the case. However, it might be that response bias was, to some 

degree, manipulated by the instruction to consider stimuli that show any slight modification 

as new. As a consequence, participants might have interpreted being unsure as a reason to 

respond “new”. If this was the case, important variance in response bias may have been 

undermined. The rather high (i.e., liberal) response bias outcomes across all diagnostic 

groups support this explanation.  

 

Limitations and future directions 

My study has several limitations. First, its cross-sectional design does not allow 

statements on the causal mechanisms and temporal sequences underlying events of structural 

atrophy and episodic memory loss along the AD continuum. Second, the statistical analyses 

led to a large number of multiple comparisons, increasing the likelihood of obtaining false 

positive results. In turn, the subsequent statistical corrections may have undermined small 

effects that exist in the population. Thus, the present study is not sufficient to make general 

claims. Further studies are necessary to specifically target the effects proposed here .Third, 
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the present study was likely underpowered for detecting effects that are specific to AD-

related MCI. This limitation is particularly relevant as previous research has suggested that 

atrophy is related to cognitive decline in patient with MCI but not in CU individuals. Fourth, 

this study did not provide data on functional activation or connectivity, which both have been 

found to be related to cognition in CU, independently from atrophy. Finally, I tested domain-

specific episodic memory only once during an MRI scan – a situation which was unfamiliar 

and potentially distressing to participants. The repeated assessment of cognitive function in 

familiar settings (e.g., via repeated mobile assessments) is a promising approach that enables 

researchers to run frequent assessments of cognitive function while achieving established 

psychometric standards (Sliwinski et al., 2018). Eventually, mobile assessment of cognitive 

function could facilitate the longitudinal monitoring of cognitive decline in AD. In 

combination with repeated biomarker assessments, such longitudinal studies should aim to 

disentangle the effects of structural and functional neuronal changes on domain-specific 

episodic memory as well as their occurrence relative to changes in different AD biomarkers. 

Ultimately, this approach could help identify markers of earliest cognitive decline due to AD.  

 

Conclusion 

 In summary, my study found a tendency of AD-related cognitive decline first 

occurring in object-based processing while scene-based processing remained stable across 

groups of early AD patients and healthy CU individuals. Object-based episodic memory was 

negatively related to early tau but not Aβ burden which is in line with recent studies 

investigating the complex relationships of AD biomarkers and cognition. As I found no 

associations of regional atrophy and cognition, the present study is another piece of evidence 

suggesting an alternative mediating mechanism explaining cognitive decline in preclinical 
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and prodromal AD stages. Further studies are needed to test potential neuropathological 

processes causing early AD-related cognitive decline. 
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Appendix 

Table A1 

Characteristics of the ANCOVA subsample 

 CU Aβ- CU Aβ+ MCI Aβ+ Whole Sample 

n 48 40 20 108 

Females (%) 23 (47.92%) 20 (50.00%) 11 (55.00%) 54 (50.00%) 

Age (SD) 68.90 (8.71) 71.47 (7.46) 73.70 (4.81) 70.74 (7.81) 

Years of education 

(SD) 

12.26 (3.02) 11.93 (3.02) 11.82 (4.22) 12.06 (3.24) 

 0.35 (0.19) 0.37 (0.19) 0.19 (0.11) 0.33 (0.19) 

Pr (objects) (SD) 0.23 (0.16) 0.23 (0.13) 0.17 (0.11) 0.22 (0.14) 

Pr (scenes) (SD) 0.77 (0.23) 0.75 (0.21) 0.74 (0.26) 0.76 (0.23) 

Br (objects) (SD) 0.73 (0.21) 0.74 (0.17) 0.73 (0.21) 0.74 (0.20) 

Br (scenes) (SD) 0.64 (0.03) 0.92 (0.17) 1.01 (0.20) 0.82 (0.21) 

 1.27 (0.20) 1.55 (0.40) 1.86 (0.38) 1.48 (0.39) 

Early Aβ ROI SUVr 

(SD) 

28.94 (1.17) 28.68 (1.38) 27.15 (2.03) 28.51 (1.57) 

Braak I/II tau SUVr 

(SD) 

2.88 (1.90) 3.35 (1.86) 6.65 (2.60) 3.75 (2.45) 

 40.65 (9.82) 37.82 (9.38) 28.00 (8.52) 37.34 (10.41) 

MMSE (SD) 23.42 (6.16) 22.25 (6.18) 14.10 (5.58) 21.26 (6.94) 

ADAS delayed word 

recall (SD) 

2.62 (1.81) 3.32 (1.85) 6.65 (2.60) 3.52 (2.43) 

Symbol Digit 

Modalities Test (SD) 

43.53 (11.73) 38.62 (10.57) 28.00 (8.52) 39.40 (12.11) 

Animal fluency (SD) 24.50 (6.43) 22.37 (6.15) 14.10 (5.58) 22.06 (7.17) 

 

Note. ADAS = Alzheimer’s Disease Assessment Scale. Aβ = amyloid-β. CU = cognitively unimpaired. MCI = 

mild cognitive impairment. ROI = region of interest. SD = standard deviation. SUVr = standardized uptake 

value ratio. 
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