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Mnemonic discrimination, a cognitive process that relies on hippocampal pattern separation, is one of the first memory domains to
decline in aging and preclinical Alzheimer’s disease. We tested whether functional connectivity (FC) within the entorhinal–hippocampal
circuit, measured with high-resolution resting state fMRI, is associated with mnemonic discrimination and amyloid-b (Ab) pathology in
a sample of 64 cognitively normal human older adults (mean age, 71.3 6 6.4 years; 67% female). FC was measured between entorhi-
nal–hippocampal circuit nodes with known anatomical connectivity, as well as within cortical memory networks. Ab pathology was
measured with 18F-florbetapir-PET, and neurodegeneration was assessed with subregional volume from structural MRI. Participants per-
formed both object and spatial versions of a mnemonic discrimination task outside of the scanner and were classified into low-perform-
ing and high-performing groups on each task using a median split. Low object mnemonic discrimination performance was specifically
associated with increased FC between anterolateral entorhinal cortex (alEC) and dentate gyrus (DG)/CA3, supporting the importance of
this connection to object memory. This hyperconnectivity between alEC and DG/CA3 was related to Ab pathology and decreased ento-
rhinal cortex volume. In contrast, spatial mnemonic discrimination was not associated with altered FC. Ab was further associated with
dysfunction within hippocampal subfields, particularly with decreased FC between CA1 and subiculum as well as reduced volume in
these regions. Our findings suggest that Ab may indirectly lead to memory impairment through entorhinal–hippocampal circuit dysfunc-
tion and neurodegeneration and provide a mechanism for increased vulnerability of object mnemonic discrimination.
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Significance Statement

Mnemonic discrimination is a critical episodic memory process that is performed in the dentate gyrus (DG) and CA3 subfield
of the hippocampus, relying on input from entorhinal cortex. Mnemonic discrimination is particularly vulnerable to decline
in older adults; however, the mechanisms behind this vulnerability are still unknown. We demonstrate that object mnemonic
discrimination impairment is related to hyperconnectivity between the anterolateral entorhinal cortex and DG/CA3. This
hyperconnectivity was associated with amyloid-b pathology and neurodegeneration in entorhinal cortex, suggesting aber-
rantly increased network activity is a pathological process. Our findings provide a mechanistic explanation of the vulnerability
of object compared to spatial mnemonic discrimination in older adults and has translational implications for choice of out-
come measures in clinical trials for Alzheimer’s disease.

Introduction
Episodic memory decline is a hallmark feature of aging and
Alzheimer’s disease (AD). Mnemonic discrimination, a process
that supports episodic memory, is particularly vulnerable to
decline in older adults (Leal and Yassa, 2018). Mnemonic dis-
crimination relies on pattern separation, the ability to differentiate
similar memories into distinct, orthogonalized neural representa-
tions, which reduces interference and enables the encoding of
highly similar experiences as unique episodes (Yassa and Stark,
2011). This neural computation requires intact processing in the
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dentate gyrus (DG) and CA3 subfield of the hippocampus and is
dependent on direct input from the entorhinal cortex via the per-
forant pathway (Wilson et al., 2006; Witter, 2007; Yassa and Stark,
2011; Berron et al., 2016).

In aging, reduced inhibitory control in DG/CA3 may lead to
CA3 hyperactivation, driven by recurrent collaterals in this net-
work (Wilson et al., 2006), resulting in a shift in computational
balance toward pattern completion, or the retrieval of existing
representations when prompted with partial cues (Wilson et al.,
2005; Leal and Yassa, 2018). Previous studies have demonstrated
that DG/CA3 hyperactivation is associated with worse mne-
monic discrimination performance (Yassa et al., 2010, 2011b;
Bakker et al., 2012), suggesting it is an index of dysfunction. In
older adults, mnemonic discrimination of object stimuli declines
more sharply compared with spatial stimuli (Reagh et al., 2016;
Güsten et al., 2021). This differential vulnerability may result
from distinct information processing pathways within the ento-
rhinal cortex (EC), in which the anterolateral subregion of the
EC (alEC) and the posteromedial subregion of the EC (pmEC)
preferentially process object and spatial information, respectively
(Knierim et al., 2014; Reagh and Yassa, 2014; Maass et al., 2015;
Berron et al., 2018).

The development of amyloid-b (Ab ) and hyperphosphory-
lated tau, the pathologic proteins characteristic of AD, may
underlie impaired mnemonic discrimination. The alEC is among
the first cortical regions to develop tau pathology, which spe-
cifically targets the layer II cells that project to DG/CA3 as
the perforant path (Braak and Braak, 1985, 1991). Ab pa-
thology can cause aberrant neural activity in the medial tem-
poral lobe (Busche et al., 2008; Palop and Mucke, 2010;
Mormino et al., 2012; Huijbers et al., 2014, 2015) and pro-
mote the development of tau in entorhinal cortex (Sanchez et
al., 2021; Adams et al., 2022). Together, these two patholo-
gies likely impede normal function of the entorhinal–hippo-
campal circuit, impairing mnemonic discrimination, with
the object domain particularly vulnerable because of earlier
susceptibility of alEC to pathology.

Because Alzheimer’s pathology begins to develop while older
adults are still cognitively normal (Jack et al., 2010), it is critical
to assess how the emergence of this pathology may lead to ento-
rhinal–hippocampal circuit dysfunction and mnemonic discrim-
ination deficits. Previous studies relating Alzheimer’s pathology
to medial temporal lobe function during pattern separation have
focused on measures reflecting the whole hippocampus and
task-based functional activation (Marks et al., 2017; Berron et al.,
2019; Maass et al., 2019). Because input from entorhinal cortex
to DG/CA3 is critical for pattern separation, assessing functional
connectivity (FC) between these subregions may provide sensi-
tive information about the integrity of this circuit.

The goal of the current study was to determine whether
Alzheimer’s pathology leads to altered FC within the entorhinal–
hippocampal circuit, resulting in impaired mnemonic discrimi-
nation. To test this, we conducted high-resolution resting state
functional MRI on nondemented older adults who also performed
object and spatial versions of a mnemonic discrimination
task. Because of distinct information processing pathways, we
hypothesized that impaired object mnemonic discrimination
would be associated with altered FC between alEC and DG/
CA3, while impaired spatial mnemonic discrimination would
be related to altered FC between pmEC and DG/CA3. We next
tested whether Ab pathology would be associated with altered
FC between entorhinal cortex and DG/CA3, providing a poten-
tial mechanism for decline in mnemonic discrimination, as well

as further FC disruption between hippocampal subfields due to
its potential widespread impact on the circuit. Finally, we tested
whether neurodegeneration within the entorhinal–hippocampal
circuit and FC within cortical memory networks were related to
mnemonic discrimination and Ab pathology.

Materials and Methods
Participants
Cognitively normal older adults �60 years of age either sex from the
Biomarker Exploration in Aging, Cognition, and Neurodegeneration
(BEACoN) study (Principal Investigator, M.A.Y.; National Institute on
Aging Grant R01-AG-053555) with high-resolution resting state fMRI
(N= 89) were selected for analysis. After exclusion for fMRI data quality
(i.e., signal dropout, field of view, motion; see below for details), data
from 64 participants were analyzed. Inclusion criteria for BEACoN
includes age �60 years, performance on cognitive assessments within
age-adjusted normal range (within 1.5 SDs), no major health problems,
comorbid neurologic disease, or significant psychiatric disorders, no use
of medication for anxiety or depression or illicit drugs, and no MRI or
PET contraindications. All participants provided written informed con-
sent in accordance with the Institutional Review Board of the University
of California, Irvine.

Cognitive data
Mnemonic discrimination task. Participants performed a mnemonic

discrimination task (MDT) with both an object version (MDTO) and a
spatial version (MDTS; Fig. 1A), similar to previously described versions
(Reagh et al., 2018). Briefly, each task consisted of a study phase, where
participants are asked to make “indoor/outdoor” judgements about each
stimulus (presented for 2 s; interstimulus interval, 0.5 s). In the object
version, each object is presented at the center of the screen, while in the
spatial version, each object is presented in a random grid position
within the screen. After the study phase, participants complete a test
phase. In the object version, the test phase consists of identical repeats
of object stimuli (targets; correct response, “old”) and lure stimuli (cor-
rect response, “new”), which have either low or high visual similarity to
the original object. In the spatial version, participants are tested on the
spatial position of each object, with targets in the exact same location
(correct response, “same”), and lure stimuli (correct response, “differ-
ent”) with either low similarity (presented within a different quadrant
of the grid) or high similarity (presented within a different position
within the same quadrant) to the original target location. Novel foil
items (i.e., brand new items; correct response, “new”) are also shown
during the test phase of both versions. Participants were allowed 2 s to
make a response before the next stimulus appeared. Each participant
saw a unique order of stimuli for each phase.

As with all of our prior work using the MDT tasks, we calculated
the response bias-corrected lure discrimination index (LDI) quantified
as p(“New or Different” | Lure) – p(“New or Different” | Target) for the
object and spatial task versions separately. We also calculated LDI spe-
cifically for highly similar object and spatial lures. We focused our
analyses on the highly similar lure trials to tax pattern separation per-
formance but also replicated analyses with all trial types combined. In
line with previous human (Stark et al., 2010, 2013; Reagh et al., 2014)
and rodent (Gallagher et al., 2003, 2006; Wilson et al., 2006) work, we
classified participants into low-performing and high-performing groups
(analogous to “aged-impaired” and “aged-unimpaired” groups in these
studies). Groups were divided by performing a median split of high-sim-
ilarity LDI score on the object (median = 0.185; low, MDTO–; high,
MDTO1) and spatial (median = 0.21; low, MDTS–; high, MDTS1) tri-
als, separately. Figure 1B shows a visualization of distributions for object
and spatial MDT performance and the median split cut points applied.

Neuropsychological assessment. Participants also performed stand-
ard neuropsychological assessments, including the Rey Auditory
Verbal Learning Test (RAVLT; Rey, 1958) and the Mini–Mental
State Examination (MMSE; Folstein et al., 1975). The delayed
recall measure of the RAVLT (A7), in which participants are
assessed on free recall of the list of words after a 20 min delay, was
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used for control analyses testing general episodic memory. Participants
were similarly grouped into low and high performers with a median split
(median=11; low, RAVLT–; high, RAVLT1).

MRI acquisition
All participants received structural and resting state functional MRI
at University of California, Irvine on a 3T Prisma scanner (Siemens
Medical System) equipped with a 32-channel head coil. A whole-
brain, high-resolution T1-weighted volumetric MPRAGE (magnet-
ization-prepared rapid acquisition gradient echo) image was acquired
for structural analyses (voxel size, 0.8 mm3 resolution; TR, 2300 ms;
TE, 2.38 ms; TI, 902ms; flip angle, 8°; 240 slices acquired sagittally).
High-resolution T2*-weighted echoplanar images were acquired to
assess FC (voxel size, 1.8 mm3 resolution; TR, 2500; TE, 26ms; flip
angle, 70°; 39 slices; right to left phase encode; partial acquisition cov-
ering temporal lobe, 84 volumes). During acquisition, participants
were instructed to remain awake and focus on a fixation cross on the
screen. High-resolution 3D T2-weighted turbo spin echo images were

acquired in oblique coronal orientation (voxel size, 0.4� 0.4 mm in-
plane resolution; slice thickness, 2 mm; TR, 5000 ms; TE = 84ms; 23
slices) for hippocampal segmentation and volumetry.

Structural MRI processing
Structural T1 images were used for coregistration of both MRI and PET,
and for segmentation of medial temporal subregions. T1 images were
processed with SPM12 (Wellcome Trust Center) and segmented into
gray, white, and CSF compartments. T1 images were then skull stripped
and warped to a study-specific template using Advanced Normalization
Tools (ANTs; Tustison et al., 2021). T1 images were also processed with
FreeSurfer version 6.0 (Fischl, 2012) to obtain a native space regions of
interest (ROIs) for PET quantification.

To obtain measures of medial temporal lobe subregional volumes,
both T1 and T2 structural images were processed using Automated
Segmentation of Hippocampal Subfield (ASHS) software (Yushkevich et
al., 2015). Segmentations were visually quality checked by trained
researchers, and all passed inspection. Volumes of the entorhinal cortex,

Figure 1. Schematic of the mnemonic discrimination task and distribution of performance and Ab pathology. A, Older adult participants completed both object (MDTO) and spatial (MDTS)
versions of a mnemonic discrimination task. During the study phase, participants indicated whether each stimulus was more likely to be found indoors or outdoors. In the test phase, partici-
pants indicated whether each stimulus was old (target) or new (lure) in the MDTO and same (target) or different (lure) in the MDTS. In the MDTO, lure stimuli consisted of variations to the
object stimulus itself, while in the MDTS, lure stimuli were in a different spatial position on a grid. Lure stimuli in both tasks could be considered low similarity, where the differences were
more readily detectable, or high similarity, where the changes were more subtle. Novel foil items (i.e., brand new items: new) are also shown during the test phase but are not depicted in the
figure. We defined high and low performers on each task based on the lure discrimination index (LDI) [p(“New or Different” | Lure) – p(“New or Different” | Target)] computed from the highly
similar lure stimuli, which maximally tax pattern separation mechanisms. B, Distribution of performance on the MDTO and MDTS for high-similarity trial types. The median value of each task
(dotted line) was used as a cut point to divide older adults into low-performing and high-performing groups on each measure. Older adults were divided into Ab – and Ab1 groups based
on global 18F-florbetapir-PET (FBP) PET SUVR, with a cut point of 1.11 SUVR (dotted line) used as a cut point.
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DG, CA3, CA1, and subiculum (Sub) were used for analyses and normal-
ized by total intracranial volume (TIV) estimates derived from ANTs.

Resting state functional MRI processing
Resting state fMRI data were preprocessed with SPM12 using a standard
pipeline including slice time correction, realignment, and coregistration
to the T1 structural image. No spatial smoothing was performed to
maintain the high resolution of the images and enable more accurate
quantification of signal within spatially adjacent subregions. Functional
images were warped to the study-specific template with ANTs, applying
the transformation parameters derived from structural warping.

ROIs. ROIs were defined using an in-house atlas of the temporal lobe
and related regions, described in detail previously (Yassa et al., 2011a;
Reagh and Yassa, 2014; Reagh et al., 2018). Briefly, the segmentation of
hippocampal subfields (Yushkevich et al., 2015; Wisse et al., 2017), ento-
rhinal subregions (for functionally defined ROIs, see Maass et al., 2015;
Navarro Schröder et al., 2015; for a full description, see Reagh et al.,
2018), and cortical temporal regions (Insausti et al., 1998) was per-
formed in accordance with standardized reliable protocols. The analysis
included the following regions: alEC, pmEC, perirhinal cortex (PRC),
parahippocampal cortex (PHC), amygdala (amyg), retrosplenial cortex
(RSC), head of DG/CA3 (DG/CA3H) and tail of DG/CA3 (DG/CA3T),

head of CA1 (CA1H) and tail of CA1 (CA1T), and head of Sub (SubH)
and tail of Sub (SubT), bilaterally. ROIs across 10 coronal slices spanning
the length of the ROI atlas are depicted in Figure 2A.

To ensure that all ROIs had reliable signals because of the possibility
of signal dropout in medial temporal lobe, we performed strict thresh-
olding and exclusion of low signal. For each participant, the mean signal
across the gray matter was quantified, and voxels with ,25% of the
mean gray matter signal were removed. Participants with ,50% of any
ROI remaining were excluded from subsequent analyses because of lack
of data, resulting in the exclusion of 13 participants. Two additional par-
ticipants were excluded because of the partial acquisition field of view
not including the full extent of the medial temporal lobe.

Denoising. Resting state fMRI data were optimized for FC analyses
using the CONN toolbox (version 20; Whitfield-Gabrieli and Nieto-
Castanon, 2012) implemented in MATLAB version 2019b (MathWorks).
Outlier volumes were detected using Artifact Detection Tools imple-
mented within CONN using conservative threshold of motion.0.5 mm/
TR and a global intensity z score of 3. Ten subjects were flagged for.20%
volumes detected as outliers and were removed from further analyses
(Adams et al., 2019; Maass et al., 2019). Denoising was then performed,
including six realignment parameters and their first-order derivatives
(translations and rotations), spike regressors generated from outlier

Figure 2. Functional connectivity (FC) methods and group-level results. We measured FC between ROIs based on a high-resolution study-specific atlas, which spanned the medial temporal
lobes and related regions. A, ROIs included the anterior-temporal cortical network (anterolateral entorhinal cortex, alEC; perirhinal cortex, PRC; amygdala, amyg), posterior-medial network
(posteromedial entorhinal cortex, pmEC; parahippocampal cortex, PHC; retrosplenial cortex, RSC), as well as hippocampal subfields within the head (H) and tail (T) segments (dentate gyrus/
CA3, DG/CA3; CA1; subiculum, Sub). B, Seed-to-seed FC was performed using semipartial correlations. Group-level results were thresholded using a connection threshold of p, 0.05 p-uncor-
rected and an ROI-level threshold of p, 0.05 p-FDR corrected. FC was similar between hemispheres and predominantly occurred within networks.
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detection (Lemieux et al., 2007; Power et al., 2015), anatomic CompCor
(first five components of time series signal from white matter and CSF;
Behzadi et al., 2007), bandpass filter (0.008–0.1Hz), and linear detrending
applied to the residual time series.

Functional connectivity analysis. Using CONN, denoised time series
were extracted from each ROI, and semipartial correlations were used to
perform ROI-to-ROI FC analyses. Semipartial correlations were chosen
to control for any signal bleed in between spatially adjacent ROIs
(Adams et al., 2019; Dalton et al., 2019). FC strength (Fisher’s r to z-
transformed correlation coefficient) was extracted for each ROI pair.
Because we did not have specific hypotheses about hemispheric laterali-
zation, and to reduce the number of statistical comparisons, we averaged
FC strength between left and right ROI pairs for all analyses.

Second-level analyses were conducted in CONN. To determine pat-
terns of group-level FC, we performed a between-subjects contrast using
a one-sample t test (two-tailed) for all seeds within each hemisphere
(Fig. 2B). Significant connections were determined with a connection-
level threshold of p, 0.05 p-uncorrected (two-sided) and an ROI-level
threshold of p, 0.05 p-false discovery rate (FDR) corrected, which cor-
rects for multiple comparisons by using a multivariate pattern analysis
omnibus test to characterize the strength of all connections from each
ROI (Whitfield-Gabrieli and Nieto-Castanon, 2012).

Ab pet
To quantify Ab pathology, participants received 18F-florbetapir (FBP)
PET performed on an ECAT High-Resolution Research Tomograph
(CTI/Siemens) at the Campus Center for Neuroimaging. Ten millicurie
of tracer was injected, and four 5 min frames were collected between 50
and 70min post-injection. FBP data were reconstructed with attenuation
correction, scatter correction, and 2 mm3 Gaussian smoothing. FBP
images were then realigned, coregistered to the T1 MRI, and normalized
by a whole cerebellum reference region to produce standardized uptake
value ratio (SUVR) images. Additional 6 mm3 Gaussian smoothing was
then applied to achieve an effective resolution of 8 mm3. The mean
SUVR of a previously validated cortical composite region was quantified
as a measure of global Ab (Fig. 1B, distribution of global 18F-FBP SUVR),
and Ab1 status was determined using a threshold of .1.11 SUVR
(Landau et al., 2012).

Experimental design and statistical analyses
All statistical analyses were performed using jamovi version 1.6 (https://
www.jamovi.org) and RStudio version 1.4. FC differences across groups
were assessed with repeated-measures ANCOVAs, with FC (FC between
ROI pairs) as a within-subjects factor, group based on performance or
Ab status (e.g., MDTO– vs MDTO1, Ab1 vs Ab –) as a between-sub-
jects factor, and age and sex as covariates of no interest. Main effects and
interactions were considered significant at p, 0.05 (two-tailed). We
tested for main effects of performance/Ab status to determine whether
FC was overall different between groups, and significant performance/
Ab status by FC pair interactions to determine whether groups varied
in FC between specific ROI pairs. Main effects and interactions were
considered significant at p, 0.05 (two tailed). In cases of significant
group by FC pair interactions, we further examined which ROI pairs
were driving this interaction with planned follow-up pairwise compari-
sons, which were considered significant at p, 0.05 (two tailed).

Bivariate and partial (controlling for age and sex) correlations were
performed to assess relationships between continuous variables. Linear
regressions were performed to test interactions between MDTO per-
formance and neurodegeneration in predicting FC, including age and
sex in the model. Independent-samples t tests (two tailed) were per-
formed to assess group differences in neurodegeneration.

Results
Participants
We analyzed resting state fMRI data, structural MRI data, and
18F-florbetapir PET Ab scans from a total of 64 cognitively
normal older adults recruited from a community-based sample.
Participants completed a comprehensive cognitive assessment

battery including word list recall as well as the object and spatial
mnemonic discrimination tasks. Full demographic information
for the sample is included in Table 1.

Mnemonic discrimination performance and classification
Participants performed object (n= 56) and spatial (n= 59) ver-
sions of the MDT (Fig. 1A). Full descriptions of the tasks are
included in Materials and Methods. Briefly, participants first
completed a study phase in which they were exposed to the target
stimuli. In the test phase, participants judged whether stimuli
were target or lure stimuli. In the object task (i.e., MDTO), lure
stimuli consist of subtle changes to the object itself, while in
the spatial task (i.e., MDTS), lure stimuli consist of changes
in the location of the object on a grid. Each lure stimulus can
be classified as being of low or high similarity to the original
target stimulus. We focused on performance for the highly
similar lure stimuli based on our prior work showing that
pattern separation mechanisms in older adults are especially
impaired for highly similar compared with less similar lures
(Yassa et al., 2011a). Performance was measured with the
well established LDI [p(“New or Different” | Lure) – p(“New
or Different” | Target)], which corrects for potential response
bias.

Performance on the object and spatial versions of the MDT
were moderately correlated (r= 0.46, p, 0.001), and did not
significantly differ (paired-samples t test, t(54) = 0.34, p= 0.73).
There was no significant association between either object or
spatial MDT with age or global FBP SUVR (p values. 0.18) or
sex difference in object MDT (p= 0.53). However, female par-
ticipants performed significantly higher than males on the spa-
tial MDT (t(57) = 2.13, p= 0.04).

We classified participants as either low or high performers
on the object and spatial MDT using a median split of the LDI
high-similarity score (Fig. 1B; MDTO median = 0.185; MDTS
median = 0.21). For the object MDT, 28 participants (50%)
were classified as high performers (MDTO1) and 28 partici-
pants (50%) were classified as low performers (MDTO–). For
the spatial MDT, 26 participants (44%) were classified as high
performers (MDTS1) and 33 participants (56%) as low per-
formers (MDTS–).

Entorhinal–hippocampal circuit functional connectivity
The primary aim of our study was to test how object and
spatial mnemonic discrimination was related to FC between
regions that comprise the canonical entorhinal–hippocampal circuit
(entorhinal subregions and hippocampal subfields). We further
investigated whether object and spatial mnemonic discrimination
was related to FC between regions contained within the anterior-
temporal and posterior-medial cortical networks (Ranganath and

Table 1. Demographic information and characteristics of the sample

N Mean (SD) or n (%)

Age (years) 64 71.3 (6.4)
Sex (female) 64 43 (67.2%)
Education (years) 64 16.3 (2.3)
MMSE 63 28.5 (1.3)
RAVLT delayed recall 63 10.9 (3.3)
MDTO LDI (high similarity) 56 0.20 (0.13)
MDTS LDI (high similarity) 59 0.20 (0.14)
Ab1 57 19 (33.3%)
Global FBP SUVR 57 1.11 (0.19)

All 64 participants underwent high-resolution resting state fMRI, while subsets additionally underwent 18F-FBP-
PET and performed the mnemonic discrimination task (MDT) LDI was calculated on the high-similarity stimuli.
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Ritchey, 2012), respectively. This was achieved by analyzing high-re-
solution (1.8 mm3; partial brain acquisition) resting state
fMRI data with a highly detailed atlas of ROIs spanning the
medial temporal lobe and hippocampus, which are shown
in Figure 2A. We conducted ROI-to-ROI FC analyses using
the CONN toolbox (Whitfield-Gabrieli and Nieto-Castanon,
2012). To ensure spatial specificity, BOLD time series were
extracted from unsmoothed data. Further, we performed
semipartial correlations between time series, which con-
trols for signal from all other included ROIs, to mitigate
any potential signal bleed in from neighboring regions and
to obtain FC values representing the unique FC between
regions (Adams et al., 2019; Dalton et al., 2019).

Group-level patterns of FC are shown in Figure 2B. Overall,
FC between the two hemispheres was largely consistent, and was
strongest within each network (hippocampus, anterior-temporal,
and posterior-medial networks). Within the hippocampus, there
was strong FC between DG/CA3 and CA1, and between CA1 and
Sub, mirroring the known anatomic connectivity of this circuit.
Because we did not have hypotheses regarding lateralized hemi-
spheric effects, and to reduce the number of statistical tests, we
averaged FC values between left and right hemisphere region
pairs before subsequent analyses.

Impaired object mnemonic discrimination is related to
alEC–DG/CA3 hyperconnectivity
We first tested whether object and spatial mnemonic discrimina-
tion was associated with FC within the entorhinal–hippocampal
circuit. We focused on FC between region pairs that compose
the canonical entorhinal–hippocampal circuit, as follows: alEC
to DG/CA3, pmEC to DG/CA3, DG/CA3 to CA1, and CA1 to
Sub. While we acknowledge that FC is a nondirectional measure
and structural connectivity does not definitively drive FC, projec-
tions within the trisynaptic circuit are likely partially driving
these FC measures (Amaral and Lavenex, 2006; Witter, 2007).
Primary analyses focused on subfields within the hippocampal
head because of the increased vulnerability of this segment to
aging and AD (Das et al., 2013; Gordon et al., 2013). We con-
ducted two repeated-measures ANCOVAs, one for each task,
with FC pair (alEC–DG/CA3H; pmEC–DG/CA3H; DG/CA3H–
CA1H; CA1H–SubH) as a within-subjects factor, performance
(high vs low performers) as a between-subjects factor, and age
and sex as covariates of no interest. Our effects of interest were
the main effect of performance, indicating that FC differed
between the low-performing and high-performing groups uni-
formly across the circuit, and a performance by FC pair interac-
tion, indicating that FC differed between the low-performing
and high-performing groups in specific connections.

We first compared entorhinal–hippocampal circuit FC
between low and high performers on the object mnemonic dis-
crimination task (Fig. 3A). While there was no main effect of
performance (F(1) = 2.27, p=0.14), we found a significant per-
formance by FC pair interaction (F(3) = 3.35, p= 0.02), indicating
the low-performing and high-performing groups differed in FC
in particular connections within the circuit. Follow-up pairwise
comparisons indicated that this interaction was driven by low
performers having significantly increased FC between alEC and
DG/CA3H compared to high performers (t(52) = 2.81, p= 0.007).
There were no other significant performance differences across
the circuit (p values. 0.30). The specificity of this result sup-
ports our hypothesis that the connection between alEC and DG/
CA3H supports object mnemonic discrimination and its integ-
rity tracks with performance.

We next compared entorhinal–hippocampal FC between low
and high performers on the spatial mnemonic discrimination
task (Fig. 3B). We did not observe a significant main effect of
performance (F(1) = 0.81, p= 0.37) or performance by FC pair
interaction (F(3) = 1.01, p=0.39), indicating that there were no
general or regionally specific differences in entorhinal–hippo-
campal circuit FC related to spatial mnemonic discrimination
performance. However, a targeted analysis of the connection
between pmEC and DG/CA3H, which we specifically hypothe-
sized would be related to spatial mnemonic discrimination, iden-
tified a trend in which the low performers had decreased FC
compared to high performers (t(55) =�2.0, p=0.051).

We then examined whether these effects generalized to the
hippocampal tail. We conducted similar ANCOVA models,
instead including FC between entorhinal subregions and hippo-
campal tail ROIs (alEC–DG/CA3T, pmEC–DG/CA3T, DG/
CA3T–CA1T, CA1T–SubT). We found no significant main
effect or interaction for the hippocampal tail for either object
(main effect of performance: F(1) = 0.72, p= 0.40; performance
by FC pair interaction: F(3) = 1.38, p= 0.25) or spatial (main
effect of performance: F(1) = 1.20, p= 0.28; performance by FC
pair interaction: F(3) = 0.37, p=0.78) mnemonic discrimination
performance, suggesting the increase in FC between alEC and
DG/CA3 in the low object mnemonic discrimination group was
specific to the hippocampal head.

As a control analysis, we examined whether a general episodic
memory performance, rather than mnemonic discrimination,
would also be related to differences in alEC–DG/CA3H FC or
any other connection within the circuit (Fig. 3D). To test this,
we classified participants as low or high performers on the
RAVLT delayed recall test using a median split and performed
a similar ANCOVA. There was no significant main effect of
performance (F(1) = 0.46, p= 0.50) or performance by FC pair
interaction (F(3) = 1.49, p= 0.22) when splitting the groups by
delayed recall episodic memory performance, supporting the
specificity of alEC–DG/CA3H connectivity in supporting mne-
monic discrimination.

Finally, we examined whether splitting MDT performance
based on all lure similarity trial types, rather than focusing on
highly similar lure stimuli, would produce consistent results. For
object mnemonic discrimination, we still observed a significant
performance by FC pair interaction (F(3) = 3.39, p=0.02), again
driven by increased FC between alEC and DG/CA3H in low per-
formers compared to high performers (t(52) = 2.07, p=0.04); how-
ever, this difference was less pronounced than when defining low
performance only using high-similarity lure stimuli. Again, there
were no significant effects when splitting spatial performance using
all lure similarity trials (main effect of performance: F(1) = 0.005,
p=0.95; performance by FC pair interaction: F(3) = 1.27, p=0.29).

Ab is associated with widespread changes in entorhinal–
hippocampal circuit FC
Our second study goal was to determine whether Alzheimer’s
pathology was also associated with changes to entorhinal–hip-
pocampal circuit FC as a potential mechanism leading to mne-
monic discrimination impairment. To assess this, we classified
participants as Ab – (n = 38) or Ab1 (n = 19) using a thresh-
old of global FBP SUVR .1.11 (Fig. 1B; Landau et al., 2012).
While we did not have a direct measure of tau pathology, older
adults classified as Ab1 are highly likely to have tau pathol-
ogy within the entorhinal cortex (Braak and Braak, 1997). We
then conducted repeated-measures ANCOVAs, including FC
pair (alEC–DG/CA3H, pmEC–DG/CA3H, DG/CA3H–CA1H,
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CA1H–SubH) as a within-subjects measure, Ab status (positive vs
negative) as a between-subjects factor, and age and sex as covariates
of no interest, again with either a main effect of Ab status or Ab
status by FC pair interaction as the effects of interest.

While there was no main effect of Ab status (F(1) = 0.05,
p=0.82), we found a significant Ab status by FC pair interaction
(F(3) = 5.73, p, 0.001), indicating that Ab – and Ab1 groups
differed in FC in particular connections within the circuit (Fig.
3C). Follow-up pairwise comparisons indicated that this interac-
tion was driven by widespread differences across the circuit.
Ab1 participants had significantly increased FC between alEC
and DG/CA3H compared to Ab – participants (t(53) = �2.67,
p=0.01). This increase in alEC–DG/CA3H FC in the Ab1 par-
ticipants mirrors the hyperconnectivity found in the low-object
mnemonic discrimination performers. Further, Ab1 partici-
pants had decreased FC between hippocampal subfields. Ab1
participants had significantly decreased FC between CA1H and
SubH compared to the Ab – participants (t(53) = 2.21, p= 0.03),
and a trend toward decreased FC between DG/CA3H and CA1H
(t(53) = 1.71, p=0.09).

We next tested the effect of Ab on FC between the entorhi-
nal subregions and subfields within the hippocampal tail. While

there was no significant main effect of Ab status (F(1) = 0.07,
p= 0.80), there was a trend for an Ab status by FC pair interac-
tion (F(3) = 2.48, p= 0.06); however, because this effect did not
reach statistical significance, we did not conduct follow-up
pairwise comparisons.

Contributions of anterior-temporal and posterior-medial
cortical networks
Because the anterior-temporal network preferentially supports
object processing, while the posterior-medial network preferen-
tially supports spatial processing (Ranganath and Ritchey, 2012),
we investigated whether FC within these networks was related
to object and spatial mnemonic discrimination, respectively.
We included alEC, PRC, and amygdala to represent the ante-
rior-temporal network, and pmEC, parahippocampal gyrus
(PHG), and retrosplenial cortex (RSC) to represent the poste-
rior-medial network. We acknowledge that additional regions
are commonly included within these networks (Ranganath
and Ritchey, 2012); however, we chose to only include ROIs
contained within our study-specific template and were some-
what restricted in cortical coverage given our partial field of
view from high-resolution scans.

Figure 3. Entorhinal–hippocampal functional connectivity (FC) is related to object mnemonic discrimination and Ab status. FC strength (Fisher z-transformed semipar-
tial correlation values) was calculated between each region pair corresponding to canonical anatomical connections within the entorhinal–hippocampal circuit. A, FC
strength was compared between high (MDTO1, light red) and low (MDTO–, dark red) performers on the MDTO. Low performers had significantly increased FC between
alEC and DG/CA3H compared with high performers, but no other differences across the circuit. B, FC strength was compared between high (MDTS1, light blue) and low
(MDTS–, dark blue) performers on the MDTS. There were no significant differences in FC strength; however, there was a trend-level association for decreased pmEC–DG/
CA3H FC in the low performers compared with high performers. C, FC strength was compared between Ab – (light green) and Ab1 (dark green) participants. Ab1 par-
ticipants had significantly increased FC between alEC and DG/CA3H compared with Ab – participants, which is consistent with the pattern found in the MDTO– group.
Ab1 participants also had decreased FC between CA1H and SubH, and a trend-level association for decreased FC between DG/CA3H and CA1H compared Ab – partici-
pants. D, Control analyses tested whether performance on a traditional episodic memory measure, the RAVLT delayed recall, was associated with changes in entorhinal–
hippocampal FC. There was no difference in FC between high (RAVLT1, light purple) and low (RAVLT–, dark purple) performers, indicating specific effects for mnemonic
discrimination. Error bars represent the SEM. **p, 0.01, *p, 0.05, 1p, 0.10.

8748 • J. Neurosci., November 16, 2022 • 42(46):8742–8753 Adams et al. · Entorhinal–Hippocampal Circuit Integrity in Aging



To investigate the relationship between object mnemonic dis-
crimination and the anterior-temporal network, we conducted a
repeated-measures ANCOVA with FC pair (alEC–PRC, alEC–
amyg, PRC–amyg) as a within-subjects measure, perform-
ance (high vs low performers) as a between-subjects factor,
and age and sex as covariates of no interest. There was no
significant main effect of performance (F(1) = 0.33, p = 0.57)
or performance by FC pair interaction (F(2) = 0.77, p = 0.46),
indicating that connectivity between these regions did not
strongly contribute to object mnemonic discrimination
performance. We conducted a similar repeated-measures
ANCOVA for spatial mnemonic discrimination and the
posterior-medial network (pmEC–PHG, pmEC–RSC, PHG–
RSC). Again, there was no main effect of performance (F(1) = 0.38,
p=0.54) or performance by FC pair interaction (F(2) = 0.21,
p=0.81).

Finally, we investigated whether Ab positivity was associated
with changes in FC within either network, based on evidence
that Ab accumulates in the posterior-medial network (Maass et
al., 2019) and can drive differences in connectivity within these
networks (Berron et al., 2020; Cassady et al., 2021). In the poste-
rior-medial network, while there was no main effect of Ab status
(F(1) = 0.36, p=0.55), there was a significant Ab status by FC
pair interaction (F(2) = 3.99, p=0.02), indicating that FC within
this network varied by Ab status. Post hoc pairwise comparisons
indicated that this interaction was driven by the Ab1 partici-
pants having lower FC between pmEC and PHC (t(53) = 2.49,
p=0.02). Within the anterior-temporal cortical network, there
was no significant main effect of Ab status (F(1) = 2.81, p=0.10)
or Ab status by FC pair interaction (F(2) = 0.22, p=0.80).

Factors associated with alEC–DG/CA3H
hyperconnectivity
Because of the strong association of
increased FC between alEC and DG/CA3
with both low object mnemonic discrimi-
nation performance and Ab positivity, we
conducted follow-up analyses to further
explore factors related to this hyperconnec-
tivity. We first examined whether alEC–
DG/CA3H FC was continuously related
to both performance on object mnemonic
discrimination and levels of Ab (global
FBP SUVR). While the continuous associ-
ation between object mnemonic discrimi-
nation and alEC–DG/CA3H FC did not
reach significance (r = �0.19, p= 0.17),
we found a strong continuous association
between higher global FBP SUVR and
increased alEC–DG/CA3H FC (r= 0.35,
p= 0.008; Fig. 4A), which remained sig-
nificant when controlling for age and sex
(r= 0.34, p= 0.01).

We next investigated whether alEC–
DG/CA3H hyperconnectivity was related
to neurodegeneration in these regions. To
test this, we calculated native-space vol-
ume estimates using ASHS software, cor-
rected for total intracranial volume (see
Materials and Methods). Because ASHS
segmentation does not provide separate
estimates for alEC and pmEC or for hip-
pocampal head versus tail, we used the
total volume of EC, DG, and CA3 in our
analyses. Across all participants, there was

no significant relationship between alEC–DG/CA3H FC and the
volume of these regions (EC: r=�0.09, p=0.49; DG: r = �0.14,
p= 0.29; CA3: r = �0.16, p=0.21). However, we found a signifi-
cant interaction between object mnemonic discrimination per-
formance and EC volume in predicting alEC–DG/CA3H FC
(model: F(50) = 3.04, p=0.02; interaction: t=2.51, p=0.02; Fig.
4B). Investigating this interaction further, we found that within
the low object mnemonic discrimination group, increased alEC–
DG/CA3H FC was related to decreased EC volume (r = �0.42,
p= 0.03; controlling for age and sex: r = �0.38, p=0.06), while
there was no significant relationship in the high object mne-
monic discrimination group (r= 0.28, p= 0.15). This interaction
was specific to EC volume; we did not observe a similar effect
with DG or CA3 volume (model p values. 0.10; interaction p
values. 0.30). Finally, performance on the object mnemonic
discrimination task (both continuous associations and group
comparisons) was not directly associated with volume in EC,
DG, or CA3 (p values. 0.55).

Because Ab pathology was also related to alEC–DG/CA3
hyperconnectivity, we next tested whether Ab was associated
with neurodegeneration in these regions. Comparing the volume
of these regions in Ab1 and Ab – groups indicated that Ab1
older adults had reduced volume in both EC (t(55) = 2.44,
p= 0.02) and DG (t(55) = 2.97, p=0.004), but not CA3 (t(55) =
0.58, p= 0.56). Further, a higher level of global FBP SUVR was
associated with decreased volume in EC (r = �0.30, p= 0.03;
controlling for age and sex: r = �0.27, p= 0.04; Fig. 4C), with a
trend for decreased volume in DG (r = �0.24, p=0.08; control-
ling for age and sex: r = �0.22, p= 0.11; Fig. 4D) and no

Figure 4. Associations between alEC and DG/CA3H hyperconnectivity with Ab and neurodegeneration. A, Increased
alEC–DG/CA3H FC was significantly associated with continuous levels of global Ab pathology (FBP SUVR). B, There was a
significant interaction between object mnemonic discrimination performance and neurodegeneration in predicting alEC–DG/
CA3H FC. In the MDTO– group (light red), increased FC between alEC and DG/CA3H was associated with decreased EC vol-
ume, indicating neurodegeneration. There was no significant relationship in the MDTO1 group (dark red). C, Increased global
FBP SUVR, indicating higher levels of Ab pathology, was associated with reduced EC volume. D, Increased global FBP SUVR
had a trend-level association with reduced DG volume. **p, 0.01, *p, 0.05,1p, 0.10.
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significant relationship in CA3 (r = �0.08,
p=0.56). Together, these results indicate
that the volume of the entorhinal cortex
is closely associated with increased FC
between alEC–DG/CA3H in low-object
mnemonic discrimination performers as
well as Ab pathology.

Factors associated with CA1H–SubH
hypoconnectivity
Because FC between CA1H and SubH
was found to be decreased in Ab1

older adults, we also explored how lev-
els of Ab and neurodegeneration were
related to this hypoconnectivity. We
found trend-level associations between
decreased CA1H–SubH FC and both
higher global FBP SUVR (r = �0.25,
p = 0.06; controlling for age and sex: r =
�0.26, p = 0.052; Fig. 5A) and decreased
CA1 volume (r = 0.22, p = 0.09; control-
ling for age and sex: r = 0.22, p = 0.08;
Fig. 5B), but no relationship with Sub
volume (r = 0.09, p = 0.50; controlling
for age and sex: r = 0.08, p = 0.52).

Next, we investigated relationships
between Ab pathology and neurodegener-
ation in CA1 and Sub. Ab1 older adults
had reduced volume in CA1 (t(55) = 3.05,
p=0.004) and Sub (t(55) = 3.02, p=0.004)
compared with Ab – older adults. Further,
higher global FBP SUVR was continuously
associated with decreased volume in CA1 (r = �0.28, p= 0.03;
controlling for age and sex: r = �0.29, p= 0.03; Fig. 5C) and Sub
(r = �0.31, p=0.02; controlling for age and sex: r = �0.34,
p=0.01; Fig. 5D). These results suggest strong relationships
between Ab pathology and the volume of both CA1 and Sub.

Discussion
Our results provide evidence that the integrity of communica-
tion within the entorhinal–hippocampal circuit, measured with
resting state FC, is related to mnemonic discrimination per-
formance and Ab pathology in cognitively normal older adults.
We demonstrate that hyperconnectivity between alEC and DG/
CA3 is related to both poor object mnemonic discrimination
performance and Ab pathology. Increased FC in low-object
mnemonic discrimination performers was also associated with
neurodegeneration within entorhinal cortex, but not DG or CA3,
suggesting that entorhinal dysfunction may primarily drive hyper-
connectivity. There were no significant FC differences underlying
spatial mnemonic discrimination, suggesting that spatial mem-
ory deficits may not be as prevalent in cognitively normal
older adults at this stage. Further, Ab pathology was associ-
ated with hypoconnectivity between CA1 and Sub, as well as
decreased volume within these regions, suggesting that Ab
has widespread effects on the integrity of the entorhinal–hippocam-
pal circuit. Together, our findings indicate that specific alterations
in communication between alEC and DG/CA3 contribute to the
vulnerability of object mnemonic discrimination in aging, which
may be attributable to underlying Alzheimer’s pathology.

To our knowledge, our study is the first examination of high-re-
solution resting state FC between entorhinal subregions and

hippocampal subfields with mnemonic discrimination in cogni-
tively normal older adults. We demonstrate that object mne-
monic discrimination performance was specifically related to
hyperconnectivity between alEC and DG/CA3, particularly
within the hippocampal head. This finding supports both
human and animal data showing that the perforant path con-
necting entorhinal cortex and dentate gyrus is essential for
mnemonic discrimination (Yassa et al., 2011a; Bennett and
Stark, 2016; Burke et al., 2018). We extend previous findings by
showing that object mnemonic discrimination performance is
localized to connectivity between DG/CA3 and alEC, rather
than pmEC, which is consistent with models of distinct proc-
essing streams in entorhinal cortex (Maass et al., 2015). The
specificity of alEC–DG/CA3 FC for mnemonic discrimination
is further supported by our control analysis demonstrating that
this connection was not associated with performance on a
delayed recall measure of episodic memory. While input from
the entorhinal cortex to the hippocampus is critical for all
hippocampal function (Witter, 2007), subtle changes in this
connection may first emerge as mnemonic discrimination
deficits that can be observed while older adults are still cogni-
tively normal. This further supports the notion that mnemonic
discrimination performance is a highly sensitive marker of emerg-
ing cognitive decline.

Our findings extend previous task-based fMRI findings inves-
tigating medial temporal lobe activation during mnemonic dis-
crimination in aging (Marks et al., 2017; Reagh et al., 2018;
Berron, 2019; Tran et al., 2021). One study showed impaired
object mnemonic discrimination in older adults was associated with
relative hypoactivity within alEC and hyperactivity within DG/CA3
compared to young adults (Reagh et al., 2018). Hypoactivation in
alEC was correlated with DG/CA3 hyperactivation, suggesting a

Figure 5. Associations between CA1H and SubH hypoconnectivity with Ab and neurodegeneration. A, There was a
trend-level association between decreased CA1H–SubH FC with increased levels of global Ab pathology (FBP SUVR). B,
There was a trend-level association between decreased CA1H–SubH FC and CA1 volume. C, Increased FBP SUVR was signifi-
cantly associated with reduced CA1 volume. D, Increased FBP SUVR was significantly associated with reduced Sub volume.
*p, 0.05,1p, 0.10.
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functional link between the two processes. We interpret our finding
of increased alEC–DG/CA3 FC to reflect coordinated hyperactiva-
tion in the entorhinal–hippocampal circuit at rest, while alEC hypo-
activation may emerge during active mnemonic discrimination
processing when analyzing specific contrasts or group comparisons
(Reagh et al., 2018; Tran et al., 2021).

Because increased FC was associated with Ab pathology and
neurodegeneration, it suggests that this hyperconnectivity is dys-
functional rather than compensatory. A pathological increase in
FC between the entorhinal cortex and hippocampus at rest is
supported by previous work (Das et al., 2013; Sinha et al., 2019;
Berron et al., 2020; Dautricourt et al., 2021). For example, studies
comparing resting state FC between mild cognitive impairment/
AD patients and elderly control subjects have found increased
FC between entorhinal cortex and hippocampus, particularly
with the hippocampal head (Das et al., 2013), which is consistent
with our results. Another study found increased FC between the
entorhinal cortex and hippocampal subfields in healthy older
African Americans at genetic risk for AD, which was associated
with impaired ability to generalize previously learned informa-
tion (Sinha et al., 2019).

Our study provides novel evidence that hyperconnectivity
between the entorhinal cortex and DG/CA3 is related to Ab pa-
thology. Findings from animal models suggest that Ab increases
neural synchrony and elicits epileptiform activity (Busche et al.,
2008; Palop and Mucke, 2010), which may express as increased
resting state FC. Supporting these findings from animal models,
in human neuroimaging studies Ab pathology is associated with
hyperactivation in both the hippocampus and entorhinal cortex
(Mormino et al., 2012; Huijbers et al., 2014, 2015) and hypercon-
nectivity between cortical networks (Schultz et al., 2017). Ab
may also indirectly lead to hyperconnectivity by promoting de-
velopment of tau in the entorhinal cortex (Sanchez et al., 2021;
Adams et al., 2022), which is associated with hyperactivity in
medial temporal lobe (Huijbers et al., 2019; Maass et al., 2019;
Adams et al., 2021). Together, these findings in combination with
our current results suggest that the hyperconnectivity between
alEC and DG/CA3 may be a result of Alzheimer’s pathology,
which preferentially disrupts alEC–DG/CA3 communication and
expresses as impaired object mnemonic discrimination.

We did not observe any statistically significant relationships
between spatial mnemonic discrimination performance and
entorhinal–hippocampal circuit FC. This is consistent with pre-
vious studies in cognitively normal older adults that failed to
find relationships between spatial mnemonic discrimination and
abnormal task-based activation in pmEC (Reagh et al., 2018;
Berron, 2019) or deficits in performance (Reagh et al., 2018)
compared with young adults. However, a targeted analysis of the
hypothesized connection between pmEC, which preferentially
supports spatial processing (Maass et al., 2015), and DG/CA3H
revealed a nearly significant difference between high-perform-
ing and low-performing groups. It is likely that the connection
between pmEC and DG/CA3, as well as performance on spatial
mnemonic discrimination, is affected later in the development
of AD.

Ab pathology was also related to further hypoconnectivity
and neurodegeneration within the hippocampus itself, particu-
larly involving CA1 and Sub. Hypoconnectivity within the hip-
pocampus may be a direct result of hyperconnectivity between
entorhinal cortex and hippocampus. A study in mice found that
Ab -related excitatory increases in entorhinal cortex activation
were associated with compensatory downregulation of subiculum
activity, which was proposed to be a protective response (Angulo

et al., 2017). The connection between CA1 and Sub is of particular
interest due to the propensity of tau pathology to target these sub-
fields while sparing DG/CA3 until late stages of AD (Braak and
Braak, 1991). Future research should investigate specific tasks that
probe CA1 and Sub in the context of aging and preclinical AD to
determine whether FC between these regions is associated with
cognitive performance.

We did not find contributions of anterior-temporal and pos-
terior-medial cortical networks to object or spatial mnemonic
discrimination performance, respectively. Previous work has
demonstrated a loss of functional specificity within these net-
works in aging (Berron et al., 2018; Maass et al., 2019). Because
of our high-resolution sequence with partial field of view
focused on medial temporal lobe, we were unable to sample cer-
tain cortical regions commonly considered parts of these net-
works (Ranganath and Ritchey, 2012). Disrupted FC in these
networks may arise later in disease progression or contribute
more broadly to memory than specific deficits in mnemonic
discrimination. Nonetheless, Ab was associated with FC within
the posteromedial network, which is consistent with previous
findings (Maass et al., 2019; Cassady et al., 2021).

There was no direct association between mnemonic discrimi-
nation performance and neurodegeneration. This suggests that
FC, which can reflect both coordinated activation and structural
connections, may be more sensitive to subtle cognitive changes.
Previous studies have identified relationships between alEC vol-
ume/thickness and cognition in older adults (Olsen et al., 2017;
Holbrook et al., 2019; Tran et al., 2021). However, because
changes in neural function occur before overt neurodegenera-
tion, it is likely that our results are detecting dysfunction that
may not yet be observable with coarse structural measurements
such as volume.

This study has several limitations. First, we did not have tau-
PET to evaluate tau within medial temporal lobe. While Ab1
participants are highly likely to have entorhinal tau pathology
(Braak and Braak, 1997), some participants classified as Ab –
may also have age-related development of tau in medial temporal
lobe (Crary et al., 2014). Previous work in cognitively normal
older adults has shown that the medial temporal tau-PET signal
is related to lure discrimination on an emotional pattern sep-
aration task, but only within Ab1 participants (Leal et al.,
2019), which suggests that Ab may potentiate the effects of
tau pathology on memory. Second, different ROIs were used
to calculate volume than the ROIs used to calculate FC, which
may have diminished the strength of associations due the
decreased specificity of the regions. Nonetheless, we observed
associations between volume with both FC and Ab pathology.
Finally, 7T fMRI data could enable an even more precise mea-
surement of FC within subfield ROIs (Berron et al., 2016).
However, we applied semipartial correlations and no spatial
smoothing to control for potential blurring of signal from adja-
cent ROIs and found distinct patterns of FC that matched our
hypotheses and previous literature. Replication of our findings
at higher resolution may uncover additional novel associations.

In conclusion, our results suggest that Ab pathology indi-
rectly leads to mnemonic discrimination impairment through
entorhinal–hippocampal circuit dysfunction. The vulnerabil-
ity of the alEC to Alzheimer’s pathology may result in altered
communication with DG/CA3, leading to impairment of object
mnemonic discrimination early in the pathogenesis of AD. Ab
pathology further contributes to altered FC and neurodegenera-
tion within the hippocampus itself, indicating more general
dysfunction. Because resting state FC is easier to acquire than
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task-based fMRI, several existing large-scale studies have worked
to harmonize sequences across sites. However, more work is still
needed to establish the foundational principles related to the
use of these data in clinical trials. That said, disruptions in FC
within the entorhinal–hippocampal circuit could be a promis-
ing biomarker of emerging memory decline.
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