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Abstract.
Background: A complex set of interactions between biological, genetic, and environmental factors likely underlies the
development of Alzheimer’s disease (AD). Identifying which of these factors is most associated with AD is important for
early diagnosis and treatment.
Objective: We sought to examine genetic risk and structural brain volume on episodic memory in a sample of older adults
ranging from cognitively normal to those diagnosed with AD.
Methods: 686 adults (55–91 years old) completed a 3T MRI scan, baseline cognitive assessments, and biospecimen collec-
tion through the Alzheimer’s Disease Neuroimaging Initiative. Hierarchical linear regression analyses examined main and
interaction effects of medial temporal lobe (MTL) volume and polygenic hazard score (PHS), indicating genetic risk for AD,
on a validated episodic memory composite score.
Results: Genetic risk moderated the relationship between MTL volume and memory, such that individuals with high PHS and
lower hippocampal and entorhinal volume had lower memory composite scores [�F (1,677) = 4.057, p = 0.044, �R2 = 0.002].
Further analyses showed this effect was driven by the left hippocampus [�F(1,677) = 5.256, p = 0.022, �R2 = 0.003] and
right entorhinal cortex [�F (1,677) = 6.078, p = 0.014, �R2 = 0.003].
Conclusions: Among those with high genetic risk for AD, lower volume was associated with poorer memory. Results suggest
that the interaction between AD genetic risk and MTL volume increases the likelihood for memory impairment among older
adults. Results from this study suggest that genetic risk and brain volume should be considered key factors in tracking
cognitive decline.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenera-
tive disease characterized by progressive cognitive
decline. AD is the sixth leading cause of death in
the United States with approximately 5.8 million
individuals currently living with this condition [1].
The frequency of AD diagnoses is expected to dou-
ble by year 2040 [2], placing an increasing burden
on family caregivers, the healthcare system, and the
economy. A better understanding of the factors asso-
ciated with dementia, including brain and genetic
markers, will inform early intervention strategies to
attenuate cognitive decline. Here, we examine the
synergistic relationship between AD-related genetic
and brain markers to determine associations with
episodic memory impairment, which is the defining
clinical feature of AD.

Previous work has demonstrated that biological
markers of AD, such as brain atrophy, accumula-
tion of amyloid deposits, and neurofibrillary tangles,
can be detected years before the onset of clinical AD
symptoms [3–5]. The medial temporal lobe, includ-
ing the hippocampus and entorhinal cortex, shows
the earliest signs of atrophy and tau accumulation [6,
7]. These regions have also been consistently asso-
ciated with memory impairment in mild cognitive
impairment [8, 9], suggesting that they are critical for
understanding memory in AD, as well as in healthy
older adults.

Genetic factors are also thought to play a role in
the development of AD. It is estimated that genetic
factors contribute 58–79% to AD risk [10]. The �4
allele of apolipoprotein E (APOE) is the strongest and
most well-known contributor to AD [11–13]. How-
ever, recent work has demonstrated that polygenic
approaches, which integrate the influence of multiple
genes on a trait [14], add predictive value in the AD
phenotype compared to when APOE is considered
alone [15]. Nevertheless, the vast majority of studies
have focused on the risk associated with a single can-
didate gene, such as APOE [16] which may contribute
to smaller effect sizes and non-significant findings.
Furthermore, a limitation in many studies is that only
a single biomarker (e.g., genetics or neuroimaging) is
examined in relation to AD, providing only a partial
picture of the complex AD phenotype.

In the current study, we examined the influence of
both genetic and brain imaging markers on episodic
memory performance using a heterogeneous sample
of older adults that included individuals character-
ized as having normal cognition (NC), mild cognitive

impairment (MCI), and AD from the Alzheimer’s
Diseases Neuroimaging Initiative (ADNI) database.
ADNI is a longitudinal, multisite study aimed at
helping researchers investigate the clinical, imaging,
genetic, and biomarkers involved in AD to improve
early detection and treatment. Genetic risk for AD
was determined using a polygenic hazard score (PHS)
that integrated 31 AD-associated single nucleotide
polymorphisms (SNPs) plus two APOE variants.
Because medial temporal lobe (MTL) regions are
among the first to atrophy in AD, we focused our anal-
yses on hippocampal and entorhinal cortex volume
with episodic memory performance as our outcome
variable. Episodic memory refers to the recollec-
tion of an event defined by a unique spatial and
temporal context [17, 18]. This domain of mem-
ory has been implicated in both MCI and AD, and
is considered one of the earliest hallmarks of AD
progression [19, 20]. Episodic memory performance
was quantified using a composite score derived from
weighted episodic memory data collected as part of
the ADNI neuropsychological battery. This compos-
ite score was created to aid researchers in predicting
decline and conversion to AD and has been shown
to be as or more effective at predicting conversion
than any single score comprising the battery [21].
In the present study, we hypothesized that individ-
uals with high polygenic risk for AD and smaller
MTL volumes would show reduced episodic memory
performance.

MATERIALS AND METHODS

Data used in the preparation of this article
were obtained from the ADNI database (http://
adni.loni.usc.edu). The ADNI was launched in 2003
as a public-private partnership, led by Principal
Investigator Michael W. Weiner, MD. The primary
goal of ADNI has been to test whether serial
MRI, positron emission tomography (PET), other
biological markers, and clinical and neuropsycho-
logical assessment can be combined to measure
the progression of MCI and early AD. For up-
to-date information, see http://www.adni-info.org.
Data used in this manuscript were downloaded
from the ADNI database (http://adni.loni.usc.
edu) on February 13, 2020 from the following four
datasheets: ADNIMERGE.csv, DESIKANLAB.csv,
UCSFFSX51 11 08 19.csv, and UWNPSYCH-
SUM 03 07 19.csv.

http://adni.loni.usc.edu
http://adni.loni.usc.edu
http://www.adni-info.org
http://adni.loni.usc.edu
http://adni.loni.usc.edu
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Participants

As described in greater detail in the ADNI pro-
tocol (http://www.adni-info.org), participants were
between the ages of 55 and 91 years, had completed
at least six years of education, and were willing and
able to perform all test procedures described in the
protocol. The 686 participants in this sample were
originally recruited to be part of the ADNI 2 or ADNI
GO phase of the study. The full list of inclusion
and exclusion criteria can be accessed on the online
ADNI protocol (http://adni.loni.usc.edu/wp-content/
themes/freshnews-dev-v2/documents/clinical/
ADNI-2 Protocol.pdf). Non-Hispanic White indi-
viduals with a non-accelerated T1 MRI screening
scan and baseline visit information were included
for analyses. Written informed consent was obtained
from all participants, and all data were deidentified.

The cognitively normal group was defined as hav-
ing a Mini-Mental State Examination (MMSE) score
between 24 and 30 and a global Clinical Dementia
Rating (CDR) of zero [22]. Diagnostic criteria for
MCI included an MMSE score between 24 and 30,
a global CDR of 0.5, a subjective memory concern
reported, and an objective memory impairment on
the Wechsler Memory Scale Logical Memory II [23].
Diagnostic criteria for AD included MMSE scores
between 20 and 26 and global CDR of 0.5 or 1.0 at
baseline.

MRI analyses

All participants in ADNI 2 and ADNI GO
received a 3T MRI scan that underwent quality
control and preprocessing at the Mayo Clinic.
Cortical reconstruction and volumetric segmentation
were performed by the University of California
San Francisco with FreeSurfer image analysis
suite (version 5.1). The scans were processed
cross-sectionally using the 2010 Desikan-Killiany
atlas. Regions-of-interest (ROI) were registered to
each individual subject’s cortical representation via
surface-based registration and subcortical volume
was extracted for each subject. Cortical volume
values of the entorhinal cortex and hippocampus
were extracted for the left and right hemisphere, as
well as bilaterally. All volumes were adjusted for
intracranial volume using the covariance formula
(Brainvolume adj = Brainvolume nat − b (TIVnat

−Mean TIVnat) where TIV is the total intracranial
volume and b is the slope of the regression of
the region of interest on TIV [24]. Since both

the entorhinal cortex and hippocampus have been
associated with AD, bilateral entorhinal cortex and
hippocampal volume were combined to create a
single ROI for AD (AD ROI).

Polygenic hazard score

PHS was composed of 31 AD-associated single
nucleotide polymorphisms and two APOE variants
that were identified using genotype data from the
International Genomics of Alzheimer’s Project and
the Alzheimer’s Disease Genetics Consortium as
described elsewhere [25]. Supplementary Table 1
details the specific AD risk variants used in that study.
1,854 AD-associated SNPs (at p < 10–5) were identi-
fied using genome-wide association study data from
17,008 individuals with AD and 37,154 controls in
the International Genomics of Alzheimer’s Project
[25, 26]. In a stepwise procedure, genotype data from
6,409 AD patients and 9,386 controls in Phase 1 of
the Alzheimer’s Disease Genetics Consortium were
used to identify the top AD-associated SNPs and
develop a survival model using a Cox proportional
hazard model for PHS. In each step, the SNP that
most improved model prediction after controlling for
the effects of sex and APOE variant was added, and
this process continued until residuals did not improve
with the addition of another SNP. In the final model,
two APOE variants, the �2 and �4 alleles, and 31 AD-
associated SNPs were integrated into a single PHS
that reflects an individual’s risk for developing AD
based their age and genotype. The final continuous-
measure score was used as a measure of genetic risk
for AD in the current study. This PHS was tested
in independent samples and found that it strongly
predicted AD age of onset and progression to AD
[25].

Memory composite score

A previously validated composite episodic mem-
ory score was used to assess memory function [21].
This composite score was calculated from elements of
the Rey Auditory Verbal Learning Test, Alzheimer’s
Disease Assessment Scale-Cognitive, MMSE, and
the Logical Memory subtest of the Wechsler Mem-
ory Test-Revised. Cognitive data from 803 ADNI
participants were used in a single factor model to
develop a composite score. To test the validity and
performance of the composite score, the ability of the
score to detect change in each diagnostic group over
time was assessed. Next, the score’s ability to predict

http://www.adni-info.org
http://adni.loni.usc.edu/wp-content/themes/freshnews-dev-v2/documents/clinical/ADNI-2_Protocol.pdf
http://adni.loni.usc.edu/wp-content/themes/freshnews-dev-v2/documents/clinical/ADNI-2_Protocol.pdf
http://adni.loni.usc.edu/wp-content/themes/freshnews-dev-v2/documents/clinical/ADNI-2_Protocol.pdf
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Table 1
Demographic and clinical characteristics

Variable NC MCI AD
Mean (SD) Mean (SD) Mean (SD) p

Age in years 73.2 (5.8)ab 71.6 (7.3)ab,bc 74.7 (8.1)bc <0.001
N (# of female) 203 (110) 376 (162) 107 (42) 0.013
Education in years 16.7 (2.6)ac 16.3 (2.7) 15.7 (2.6)ac <0.001
Polygenic Hazard Score (PHS) 0.053 (0.63)ac,ab 0.404 (0.79)ab,bc 0.793 (0.83)ac,bc <0.001
Adjusted AD ROI volume 5734 (526)ac,ab 5317 (820)ab,bc 4384 (646)ab,bc <0.001
Episodic memory composite score 1.09 (0.57)ac,ab 0.32 (0.67)ab,bc –0.93 (0.51)ab,bc <0.001

AD, Alzheimer’s disease; AD ROI, AD single region of interest; NC, normal cognition; MCI, mild cognitive impairment. aNC, bMCI, cAD,
absignificant difference between NC and MCI, acsignificant difference between NC and AD, bcsignificant difference between MCI and AD.
Superscripts indicate that the pairwise groups have statistical significance using the Tukey HSD.

conversion from MCI to AD was measured and the
strength of the relationship with memory-associated
MRI-derived parameters was calculated. Findings
indicated that the performance of the composite score
was equivalent or superior to the individual memory
indicators.

Statistical approach

All data were analyzed using IBM SPSS Statis-
tics for Macintosh, version 26. Demographic and
participant characteristic analyses were conducted to
compare participants with NC, MCI, and AD using
either chi-square tests for categorical variables or
analysis of variance (ANOVA) for continuous vari-
ables.

Hierarchical linear regression models were con-
ducted to analyze the interactive effects of PHS
and brain volume on composite episodic mem-
ory scores. Covariates included in the first step of
the linear regression model were: sex, age, edu-
cation, cerebrospinal fluid amyloid-� (A�), and
diagnosis. Cerebrospinal fluid (CSF) A�1–42 was
analyzed using the fully automated Roche Elec-
sys immunoassay at the UPenn/ADNI Biomarker
laboratory. Values outside of the measuring range
of the assay (200–1700 pg/mL) were truncated to
the technical limits. The second step of the model
assessed for main effects of PHS and AD ROI vol-
ume. The third step of the model added the interaction
between genetic risk and brain volume. If signif-
icant interaction effects were observed, follow-up
partial correlation analyses were conducted to deter-
mine the direction of the interaction effects using
the same covariates. Additional follow-up analyses
were conducted to determine which specific MTL
regions were driving the interaction (left hippocam-
pus, right hippocampus, left entorhinal cortex, right
entorhinal cortex). If significant MTL regions were

identified, diagnosis-stratified analyses were con-
ducted to establish if the effects were more prominent
in a particular diagnostic group (NC, MCI, AD).

RESULTS

Sample characteristics

Participant demographic and clinical characteris-
tics as a function of diagnostic group are shown in
Table 1. Individuals in the MCI group were signifi-
cantly younger than the other two groups. Participants
in the AD group had fewer years of education than
individuals with NC. There were significant differ-
ences in episodic memory composite score, PHS, and
adjusted AD ROI volume among the three groups.

Genetic risk for AD moderates the relationship
between AD ROI volume and episodic memory

PHS moderated the relationship between AD ROI
volume and memory, such that individuals with high
PHS and lower AD ROI volume had lower episodic
memory composite scores [�F (1,677) = 4.057,
p = 0.044, �R2 = 0.002] (see Table 2 model 3 and
Fig. 1A]. To parse the interaction effect, partial corre-
lations were used to examine the relationship between
AD ROI volume and episodic memory for low and
high PHS (using a median split). Adjusting for all
covariates, results revealed that among individuals
with high genetic risk for AD, lower AD ROI vol-
ume was associated with lower episodic memory
composite score (high: pr = 0.398, p < 0.001). The
relationship between AD ROI volume and episodic
memory was also present in the low genetic risk for
AD group (low: pr = 0.241, p < 0.001). To determine
whether there was a significant difference among the
correlations for high and low genetic risk groups,
the Fisher Z statistic was calculated using a two-
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Table 2
Summary of regression analysis for association with MTL volume

Model 1 Model 2 Model 3
Variable B SE(B) � p B SE(B) � p B SE(B) � p

Education 0.037 0.009 0.110 <0.001 0.038 0.008 0.113 <0.001 0.038 0.008 0.113 <0.001
Age –0.017 0.003 –0.135 <0.001 –0.007 0.003 –0.054 <0.043 –0.007 0.003 –0.055 0.039
Sex –0.240 0.046 –0.133 <0.001 –0.304 0.044 –0.169 <0.001 –0.303 0.044 –0.168 <0.001
Diagnosis –0.820 0.037 –0.601 <0.001 –0.648 0.039 –0.475 <0.001 –0.645 0.039 –0.473 <0.001
A� 0.000 0.000 0.197 <0.001 0.000 0.000 0.131 <0.001 –0.000 0.000 0.131 <0.001
PHS –0.065 0.031 –0.057 <0.036 –0.404 0.171 –0.355 0.018
AD ROI 0.000 0.000 0.270 <0.001 0.000 0.000 0.248 <0.001
PHSxAD ROI 6.4706E-5 0.000 0.297 0.044
R2 0.594 0.642 0.644
Model F 199.3 173.5 153.0

PHS, polygenic hazard score; AD ROI, AD single region of interest; MTL, medial temporal lobe; A�, amyloid-�.

Fig. 1. A) The interaction of PHS and bilateral AD ROI volume. Among individuals with high genetic risk for AD, lower brain volume
was associated with lower episodic memory composite scores. Values on the x-axis represent combined bilateral entorhinal cortex and
hippocampal volume. B) The interaction of PHS and left hippocampal volume. Individuals with high genetic risk and low volume had
lower episodic memory scores. C) The interaction of PHS and right entorhinal cortex volume. Individuals with high genetic risk for AD and
smaller volume had lower scores on the episodic memory composite. All regional volumes were adjusted for intracranial volume. Values on
the y-axis represent standardized residuals of episodic memory performance (accounting for sex, age, education, diagnosis, and A�). AD,
Alzheimer’s disease; ROI, regions-of-interest; PHS, polygenic hazard score; A�, amyloid-�.
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tailed test. Results revealed a significant difference
(p = 0.022), suggesting that the relationship between
AD ROI volume and episodic memory was stronger
among individuals with high genetic risk for AD com-
pared to those with low genetic risk.

Further analyses were conducted to examine lat-
erality (left, right hemisphere) and individual ROI
(hippocampus, entorhinal cortex) effects. A signifi-
cant interaction of the left hippocampus and genetic
risk emerged, such that individuals with high genetic
risk and low volume had the lowest episodic memory
scores [�F(1,677) = 5.256, p = 0.022, �R2 =0.003]
(Fig. 1B). Partial correlations revealed that among
individuals with both high and low PHS, left hip-
pocampal volume was associated with the memory
composite score (high: pr = 0.399, p < 0.001; low:
pr = 0.209, p < 0.001). To further clarify this relation-
ship, the Fisher Z statistic was calculated using a
two-tailed test. Results revealed a significant differ-
ence (p = 0.0061), indicating a stronger association
between left hippocampal volume and episodic mem-
ory among individuals with high genetic risk for AD
compared to those with low genetic risk. In the right
hippocampus, there were no significant interactions.
However, main effects of PHS (p < 0.001) and right
hippocampal volume (p < 0.001) emerged, such that
greater genetic risk and smaller volume were inde-
pendently associated with worse episodic memory
performance.

A significant interaction was observed between
PHS and right entorhinal cortex volume [�F
(1,677) = 6.078, p = 0.014, �R2 = 0.003] (Fig. 1C).
This was significant for participants with both low
and high PHS (low: pr = 0.173, p = 0.001; high:
pr = .202, p < 0.001). A Fisher Z statistic was calcu-
lated using a two-tailed test, and the results indicated
no significant differences between individuals with
high genetic risk for AD compared to those with low
genetic risk for AD (p = 0.697). No significant inter-
actions in the left entorhinal cortex were observed.
However, there were main effects of PHS and left
entorhinal cortex volume, such that higher genetic
risk and low volume were each individually associ-
ated with lower memory scores (ps < 0.001).

Association between genetic risk for AD and
brain volume in diagnosis-stratified sample

Diagnosis-stratified analyses were conducted for
the regions with a significant PHS x ROI interaction
on episodic memory (i.e., left hippocampus and right
entorhinal cortex). There was a significant interaction

Fig. 2. The interaction of PHS and left hippocampal volume
among individuals with MCI. Among individuals with MCI, high
genetic risk for AD and lower brain volume was associated with
lower episodic memory composite scores. Values on the x-axis rep-
resent left hippocampal volume adjusted for intracranial volume.
Values on the y-axis represent standardized residuals of episodic
memory performance (accounting for sex, age, education, and A�).
PHS, polygenic hazard score; MCI, mild cognitive impairment;
A�, amyloid-�.

between left hippocampal volume and PHS among
individuals with MCI [�F(1,368) = 4.169, p = 0.042,
�R2 = 0.008] (Fig. 2). Within the MCI diagnostic
category, this association was significant for partici-
pants with both low and high PHS (low: pr = 0.256,
p = 0.001; high: pr = 0.416, p < 0.001). Using a two-
tailed Fisher Z statistic, there was a nonsignificant
trend for individuals with high genetic risk to have
a stronger relationship between left hippocampal
volume and episodic memory (p = 0.0819). No inter-
actions were present in NC or AD individuals, but
significant main effects of left hippocampal volume
(p < 0.001) and PHS (p = 0.005) were observed in the
AD group.

A significant interaction emerged between right
entorhinal cortex volume and PHS among individuals
with AD [�F(1,99) = 4.967, p = 0.028, �R2 = 0.038]
(Fig. 3). This relationship was only significant for
individuals with high PHS (pr = 0.365, p < 0.001).
There were also main effects of right entorhinal cortex
volume (p < 0.001) and PHS (p = 0.001) in the MCI
group, such that lower volume and higher genetic risk
were independently associated with lower episodic
memory scores

DISCUSSION

The purpose of the current study was to exam-
ine neurobiological markers that influence cognitive
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Fig. 3. The interaction of PHS and right entorhinal cortex volume
among individuals with AD. Among individuals with AD, high
genetic risk and lower brain volume was associated with lower
episodic memory composite scores. Values on the x-axis represent
left hippocampal volume adjusted for intracranial volume. Values
on the y-axis represent standardized residuals of episodic memory
performance (accounting for sex, age, education, and A�). AD,
Alzheimer’s disease; PHS, polygenic hazard score; A�, amyloid-
�.

performance related to AD. In this study, we investi-
gated the associations between regions of the medial
temporal lobe, genetic risk for AD, and a previ-
ously validated episodic memory composite score.
There were three main findings. First, among indi-
viduals with high genetic risk for AD, smaller medial
temporal lobe volume was associated with lower
episodic memory scores. Second, the moderating
effect of genetic risk for AD was primarily observed
in the left hippocampus and right entorhinal cortex.
Finally, after conducting diagnosis-specific analy-
ses within these regions, two different patterns of
results emerged. The interaction between left hip-
pocampal volume and genetic risk was observed in
the MCI group whereas the association between right
entorhinal cortex volume and genetic risk for AD was
significant in the AD group. Together, these find-
ings suggest that medial temporal lobe volume and
polygenic risk for AD represent important markers
of episodic memory performance, even when taking
into account other important biological markers such
as CSF A� levels.

The present study demonstrates the power of
using a polygenic approach over a candidate gene
approach to studying complex phenotypes. A pre-
vious study using the APOE gene as a measure
of genetic risk in the ADNI sample failed to find
an association between genetic risk, hippocampal
volume, and cognitive performance across control,
MCI, and AD participants [16]. The �4 variant of

APOE has been frequently studied because it is the
strongest known contributor to AD [12, 27]. How-
ever, even potent candidate genes such as APOE
account provide an incomplete picture of the variance
associated with neurodegenerative disease [27]. Poly-
genic approaches, by contrast, aggregate weightings
across multiple SNPs that account for more variance
in diseases such as AD [28]. Successful polygenic
approaches have been used in various conditions,
including multiple sclerosis, rheumatoid arthritis, and
schizophrenia. Recently, research investigating AD
has used PHS to combine particular genetic variants
that can provide a more comprehensive measure for
AD risk [29]. Importantly, in line with this direction
of research, the current study used a PHS calcula-
tion that was derived from genotyping over 70,000
individuals and aggregating 31 AD-associated SNPs
and two APOE variants [25]. The improved predictive
capabilities of PHS may have contributed to our find-
ing of genetics moderating the relationship between
the AD ROI and episodic memory.

Further analyses were conducted to examine the
effects of individual ROIs (hippocampus, entorhi-
nal cortex) and laterality (left, right hemisphere). In
the hippocampus, the association between genetic
risk for AD and brain volume on episodic memory
performance was significant in the left hemisphere.
This is consistent with previous research which
has found that hippocampal volume is associated
with memory recall performance in older adults
with age-related cognitive decline, individuals with
MCI, and those diagnosed with AD [30]. The left
hippocampus appears to be more vulnerable to
neurodegeneration than the right, although the mech-
anisms contributing to this effect are unknown [30,
31]. Another possible interpretation of this finding
is that results may be driven through the use of a
primarily verbal outcome variable. Previous research
has noted that verbal episodic memory tests are
more strongly associated with left hippocampal vol-
ume, whereas visuospatial memory tests are more
strongly associated with right hippocampal volume
[32].

Diagnostic-specific results revealed that hip-
pocampal volume and genetic risk for AD were
associated with lower episodic memory scores in both
the MCI and AD groups. However, the interaction of
these risk factors explained more variance in episodic
memory only in the MCI group. It is possible that
by the time individuals progress to AD, the combi-
nation of these two variables can no longer explain
significantly more variance in episodic memory per-
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formance because these individuals are further along
a cognitive decline trajectory.

In addition to the hippocampal findings on episodic
memory in the present study, genetic risk for AD
also moderated the relationship between the right
entorhinal cortex and episodic memory in the entire
sample. Follow-up diagnostic-specific tests revealed
that this finding was specific to the AD group. There is
some consensus that the entorhinal cortex is uniquely
indicative of neurodegeneration that does not occur
in normal age-related decline [37]. Neuropathologi-
cal staging of AD conducted at the time of autopsy
suggests that stages 1 and 2 are comprised of accu-
mulating neurofibrillary tangles specifically in the
entorhinal cortex [33]. In vivo detection of tau via
PET imaging has led to converging evidence that
largely parallels previous autopsy findings [34]. As
such, the current results which indicate that among
individuals with MCI there are meaningful differ-
ences in the hippocampus, while entorhinal cortex
differences were driven by the AD group are con-
sistent with prior work. The current findings extend
the literature of episodic memory by suggesting that
moderating effects of genetics may be particularly
meaningful in the hippocampus among individuals
with MCI, but within the entorhinal cortex among
those already diagnosed with AD.

Several limitations of the current study warrant
comment. This study examined associations between
anatomical regions of the MTL and genetic risk for
AD; however, causal relationships cannot be drawn as
the analyses conducted were cross-sectional. By only
studying one time point, we are limited in understand-
ing the temporal relationship between our variables of
interest (genetic risk and brain volume). Additionally,
only White, non-Hispanic individuals were included,
minimizing the generalizability of findings. As more
diverse individuals are included in genetic datasets,
polygenic hazard score should be validated for indi-
viduals from different ethnic backgrounds, allowing
similar analyses to be done on a larger and more
diverse population.

Summary

The goal of the current study was to examine
associations between genetic risk for AD and brain
volume to aid our understanding of cognitive func-
tioning in healthy and pathological aging. We used
a polygenic risk score for AD in combination with
volume measurements in two regions of the MTL
and found that among older adults, genetic risk for

AD and MTL volume appear to have synergistic
effects on episodic memory. Furthermore, results in
the hippocampus were particularly driven by indi-
viduals with MCI, whereas results in the entorhinal
cortex were driven by individuals with AD. These
findings highlight the importance of incorporating
multiple modalities to understand risk for cognitive
decline in aging to better inform prevention and treat-
ment approaches for AD. In addition, these findings
suggest that genetic risk and brain volume should be
included as key variables in models tracking progres-
sion of cognitive decline.
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