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Abstract

Background: Posterior cortical atrophy (PCA) and logopenic progressive aphasia (LPA) are two
of the most common variants of atypical Alzheimer’s disease (AD). Both PCA and LPA are
associated with relative sparing of hippocampus compared to neocortex, although hippocampal
atrophy is observed. It is unclear whether regional patterns of hippocampal subfield involvement
differ between PCA and LPA, and whether they differ from typical AD.

Obijective: To assess volume of specific subfields of the hippocampus in PCA, LPA and typical
AD.

Methods: Fifty-nine patients with PCA and 77 patients with LPA were recruited and underwent
T1-weighted MRI and Pittsburgh Compound B (PiB) PET at Mayo Clinic. Thirty-six probable AD
patients and 100 controls were identified from the Alzheimer’s Disease Neuroimaging Initiative.
Hippocampal subfield volumes were calculated using Freesurfer, and volumes were compared
between PCA, LPA, AD and controls using Kruskal-Wallis and Dunn tests.

Results: The LPA and PCA groups both showed the most striking abnormalities in CA4,
presubiculum, molecular layer of the hippocampus, molecular and granule cell layers of the
dentate gyrus and the hippocampal-amygdala transition area, although atrophy was left-sided in
LPA. PCA showed smaller volume of right presubiculum compared to LPA, with trends for
smaller volumes of right parasubiculum and fimbria. LPA showed a trend for smaller volumes of
left CA1 compared to PCA. The AD group showed smaller volumes of the right subiculum, CA1
and presubiculum compared to LPA.
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Conclusion: Patterns of hippocampal subfield atrophy differ across the different syndromic
variants of AD.
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INTRODUCTION

Alzheimer’s disease (AD) is a major and increasing global burden to the economy and
quality of life, with 16-20 million people affected world-wide [1, 2]. Alzheimer’s disease
can be classified clinically into typical and atypical AD [3]. The typical clinical pattern of
AD starts with episodic memory loss which is related to hippocampal degeneration, which
then progresses to affect other cognitive domains. In contrast, in atypical AD, episodic
memory impairment is not the first symptom [4], with patients instead presenting with
symptoms related to neocortical abnormalities. Two common forms of atypical AD are
posterior cortical atrophy (PCA) and logopenic progressive aphasia (LPA). PCA develops
when there is damage to the parietal and occipital lobes of the brain [5]. Its core features
include visuospatial and perceptual deficits, as well as features of Gerstmann syndrome,
Balint syndrome, alexia and apraxia [6, 7]. In contrast, LPA reflects abnormalities to left
temporoparietal regions that are important to language, and is characterized by anomia, word
retrieval problems, poor sentence repetition, phonological impairments, and working
memory deficits [8-11].

The hippocampus plays an important role in learning and memory [12]. Although it is not
severely affected early in atypical AD, it often becomes atrophic over time. For instance, a
whole hippocampus volumetric analysis using voxel-based morphometry (VBM) found that
there was a reduction in gray matter volume in the right hippocampus in PCA compared to
controls [5]. Other VBM studies have shown reduced volume of the hippocampus in PCA
[5, 13-16] and LPA [15] patients compared to controls. Less, however, is known about
patterns of involvement of specific subfields of the hippocampus in PCA and LPA.
Volumetric analysis of hippocampal subfields involves approximating the volume of each
sub-region of the hippocampus, namely the cornu ammonis (CA1, CA2, CA3, CA4), dentate
gyrus (DG) subiculum, presubiculum, fimbria and hippocampal fissure. The subfields CA2,
CA3 and DG are input structures responsible for encoding, while CA1 and subiculum are
output structures and play a role in retrieval [17, 18]. The subiculum plays a role in spatial
information processing, memory and temporal control of behavior [19]. CA2 plays a role in
cognition, especially in social memory and object recognition [20]. One study found that
PCA was associated with reduced volume of the left presubiculum, right subiculum, right
molecular and granule cell layers of the DG (GC-ML-DG), right molecular layer and the
right hippocampal amygdala transition area (HATA) [21]. That study also found that PCA
showed less involvement of CA1 compared to typical AD. Little is known about
hippocampal subfield abnormalities in LPA, although one study did identify subfield
abnormalities in a cohort of non-semantic primary progressive aphasia patients, with greater
changes observed in the left hemisphere[22].
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In this study, we aimed to investigate differences in volume of the hippocampal subfields
between PCA and LPA, and compare both groups to typical AD. We hypothesized that PCA
and LPA will show similar patterns of abnormalities in hippocampal subfields, although with
more left-sided patterns of involvement in LPA, and that both groups will show different
patterns of abnormalities compared to typical AD. A better understanding of hippocampal
abnormalities will improve understanding of the neurobiology of atypical AD.

METHODS

Participants

Patients who fulfilled clinical criteria for PCA [7] and LPA [23] were recruited from the
Mayo Clinic Department of Neurology, Rochester MN, by the Neurodegenerative Research
Group (NRG) between 7t July 2010 and 28t February 2020. The diagnosis of PCA was
based on clinical consensus criteria [7]. Briefly, patients were included if the chief complaint
was a progressive visuospatial or perceptual problem, the visuospatial/perceptual deficits
were corroborated on neuropsychological testing and the visuospatial/perceptual deficits
were more severe than deficits in all other cognitive domains. Ophthalmologic examination
must have been normal within 3 months of presentation. The diagnosis of LPA was based on
clinical consensus criteria which requires impaired word retrieval, naming, and repetition of
sentences and phrases, and at least three of either phonological errors, spared single-word
comprehension and object knowledge, spared motor speech and absence of agrammatism
[23]. Both LPA and PCA patients underwent neurological and neuropsychological
evaluations, Pittsburgh Compound B (PiB) PET imaging and a volumetric head MRI.
Patients were included in the study if they showed evidence of beta-amyloid positivity with a
PiB global standardized uptake ratio (SUVR) of greater than 1.48 [24]. One hundred and
forty one patients, 82 with LPA and 59 with PCA were included in the study. All patients
gave informed consent to participate in the project and the project protocol was approved by
Institutional Review Board (IRB) of Mayo Clinic.

For comparison with our patients, we identified patients diagnosed with probable AD and
cognitively unimpaired controls from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) (www.loni.ucla.edu/ADNI). 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 magnetic resonance imaging, positron emission
tomography, other biological markers, and clinical and neuropsychological assessment can
be combined to measure the progression of mild cognitive impairment and early AD. The
AD patients in ADNI all met NINCDS/ADRDA criteria for probable AD[25]. We selected
only individuals who had undergone a 3T MRI on a GE scanner (to match our cohort) and
were aged between 60 and 75 years at the time of scan, which resulted in 37 AD patients and
100 cognitively unimpaired controls. We selected this age range in order to identify a
relatively pure and representative typical AD group. We have previously shown that typical
AD patients under age 60 have atypical patterns of atrophy and older patients have a large
contribution from other pathologies [3]. The AD group was median (inter-quartile range) 71
(66, 73) years old at the time of scan, with 49% females and Mini-Mental State Examination
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scores of 24 (23, 25). The control group was 70 (67, 73) years old, with 61% female and
Mini-Mental State Examination scores of 29 (29, 30).

Neurological and neuropsychological evaluations

All neurological assessments for the PCA and LPA patients were performed by one of two
Behavioral Neurologists (KAJ, JGR). The neurological evaluation included the Montreal
Cognitive Assessment (MoCA) [26] to assess general cognitive function, the Clinical
Dementia Rating (CDR) Scale [27] to assess functional ability, the Boston Diagnostic
Aphasia Examination (BDAE) repetition subtest [28] to assess sentence repetition, the brief
questionnaire version of the Neuropsychiatric Inventory (NPI-Q) [29] to assess psychiatric
and behavioral features, and the Movement Disorder Society-sponsored revision of the
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) Part I11 [30] to assess
Parkinsonism. All neuropsychological tests were administered by a trained psychometrist
and overseen by a board-certified Neuropsychologist (MMM). These tests included the
Visual Object and Space Perception (VOSP) Battery incomplete letters [31] test to assess
visuoperceptual function, the Rey-Osterrieth (Rey-O) complex figure test [32] to assess
visuoconstructional abilities, the Wechsler Memory Scale 111 (WMS-I11) visual reproduction
I/11 [33] to assess visual memory, the Auditory Verbal Learning Test (AVLT) to assess verbal
memory[34], and the Boston Naming Test (BNT) to assess confrontational word retrieval
[35]. The Rey-O, WMS-I111% retention and AVLT % recall scores were expressed as Mayo
Older American Normative (MOANS) age-adjusted scale scores which are constructed to
have a mean of 10 and a standard deviation of 3 among cognitively healthy people.

MRI acquisition

The LPA and PCA patients were scanned with a 3.0 Tesla MRI (GE) scanner and the
protocol included a 3D magnetization prepared rapid acquisition gradient echo (MPRAGE).
The MRI scanning parameters used are as follows: sagittal plane, TR/TE/TI = 2300/3/900
ms, pixel spacing of 1.0156 x 1.0156, flip angle of 8°, slice thickness = 1.2 mm, repetition
time of 7.032 msec, in-plane matrix = 256 x 256 and field of view (FOV) = 26 cm. This
sequence was developed to be consistent with the ADNI protocol (published on http://
adni.loni.usc.edu/methods/documents/mri-protocols/). All images were corrected for
gradient non-linearity and intensity inhomogeneity.

Hippocampal subfield volume analysis

Hippocampal subfields were segmented using FreeSurfer version 6.0 [36, 37]. Each scan
undergoes the standard volumetric FreeSurfer pipeline using a probabilistic atlas of the
hippocampal formation, and then hippocampal subfield segmentation is performed. Briefly,
the hippocampal subfield segmentation uses a Bayesian modelling approach, which
generates a model on the MRI image around the hippocampal area and this model is
optimized using the Generalized Expectation Maximization (GEM) algorithm [38]. This
optimized model is then used to obtain an optimal segmentation, which is given below:

S=argmax{y; j=1,..1} M= (1alyi- %.8),
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where S'is obtained by assigning each voxel to the label with the highest posterior
probability and {ﬁ Ae} is the estimate of the model parameters for approximating anatomical

labeling [37]. Each hippocampus was segmented into the following subfields: CA1, CA2,
CA3, CA4, GC-ML-DG, subiculum, HATA, presubiculum, parasubiculum, fimbria,
molecular layer of the hippocampus (HP), hippocampal tail and hippocampal fissure. Whole
hippocampal volume was also calculated, as well as total intracranial volume ( 7/V) to allow
a correction for head size. Hippocampal subfield segmentations and corresponding MR
images were visually inspected for quality using Freesurfer’s Freeview tool. A total of eight
cases were removed due to failed segmentations (five LPA, one AD, and two controls),
resulting in final group sizes of 77 LPA, 59 PCA, 36 AD and 98 controls. Example
hippocampal segmentations are shown in Figure 1.

Statistical analyses

RESULTS

To allow comparison between patients with different TIV, we used a proportion method
which expresses the brain volume (V) as a proportion of TIV. The normalized volume (?) is
computed as v= V/TIV.

We compared continuous demographic and clinical features using Pearson’s Chi-square test
for association on the categorical variables (gender and handedness) and unpaired t-tests for
the remaining continuous clinical features. All p-values were reported after correction for
false discovery rate (FDR) using the Benjamini-Hochberg method [39]. Whole hippocampal
volume and subfield volumes were compared across all four groups (LPA, PCA, AD,
controls) using the Kruskal Wallis test coupled with the Dunn test for paired comparisons.
The p-values for the Dunn test were adjusted using the Benjamini-Hochberg FDR approach
[39]. In addition, we computed Cohen d for paired group comparisons. Cohen d'can be
interpreted in terms of the amount of non-overlap of the clinical group in relation to the
control group. Cohen’s d'is large if 2.0 < < 0.8; medium: 0.5 < < 0.8; small: 0.0 < d<
0.5. Note that the larger the value of d, the larger the percentage of non-overlap. The Cohen
d (version 0.8.0), Kruskal-Wallis (version 0.99.35) and Dunn test (version 1.3.5) were
performed using R package (version 3.6.2).

Comparison of PCA with LPA using demographics and clinical characteristics

Demographic and clinical features are shown in Table 1. The LPA patients had significantly
shorter diseases duration and were older than the PCA patients. Consistent with their clinical
syndromes, LPA patients performed significantly worse than PCA on the BNT and the
BDAE repetition, while PCA patients performed more poorly on the VOSP Letters and Rey-
O Complex Figure Test. The PCA patients also performed more poorly on CDR and NPI-Q.

Comparison of whole and subfield Hippocampal volumes

The comparison of whole and subfield hippocampal volumes between groups is shown in
Tables 2 and 3. All hippocampal subfields, except for the right hippocampal fissure, showed
significant differences among LPA, PCA, AD and controls based on the Kruskal-Wallis test
(Table 2). All remaining hippocampal subfields were smaller in LPA, PCA and AD
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compared to controls, except for the left hippocampal fissure which did not differ between
AD and controls.

For LPA, the regions with the largest Cohen d'values (>1.2) in comparison to controls were
left CA4, left molecular layer HP, left GC-ML-DG, left whole hippocampus, left HATA, left
CAZ3, left CAL and left presubiculum (Table 3). For PCA, the only regions with a Cohen d
value larger than 1.2 were the right HATA and right presubiculum. For AD, the regions with
the largest Cohen d values (>1.2) were left hippocampal tail, right subiculum, right
molecular layer HP, right whole hippocampus, left subiculum, right presubiculum, left CA4,
left presubiculum, right CA1 and left whole hippocampus.

The PCA group showed smaller volume of the right presubiculum compared to LPA. There
were also trends (corrected Dunns p values <0.1) for PCA to have smaller volumes of right
parasubiculum, and fimbria compared to LPA, and for LPA to show smaller volumes of left
CAL1 compared to PCA (Table 3, Figure 2). The AD group showed smaller volumes of the
right subiculum, CA1 and presubiculum compared to LPA (Table 3, Figure 2). There were
also trends for AD to have smaller volumes of the right molecular layer HP, CA4, and
fimbria compared to LPA, and LPA to have smaller volume of the left HATA compared to
AD (Table 3, Figure 2). There were trends for AD to have smaller volumes of the right
subiculum and left hippocampal tail compared to PCA.

DISCUSSION

This study utilizing a large number of well characterized LPA and PCA patients
demonstrates that both syndromes are associated with volume loss of the majority of the
hippocampal subfields, however, LPA showed more asymmetric left-sided involvement and
smaller volumes of left CA1 compared to PCA, and PCA showed greater involvement of the
right presubiculum, parasubiculum and fimbria. Regional differences were also observed
when comparing both variants to typical AD.

There was a large degree of overlap between LPA and PCA, with both syndromes showing
volume loss across the hippocampal regions. The subfields that showed the most severe
involvement in PCA were the right presubiculum and HATA, followed by right CA4, left
and right molecular layer, left GC-ML-DG, left HATA and left subiculum. These regions are
very similar to those identified in PCA in a previous study[21]. The CA4, presubiculum,
molecular layer, GC-ML-DG and HATA were also amongst the most severely affected
structures in LPA, although in LPA we observed a striking asymmetry with greatest
involvement of left hemisphere regions. This is not unexpected given that LPA is a language
disorder and commonly targets the left hemisphere. The PCA cohort showed a slight right-
sided predominance, with the two most affected structures being on the right, but also
showed severe involvement of many subfields in the left hemisphere.

Differences were observed between PCA and LPA in specific subfields. The PCA patients
showed greater involvement of the right presubiculum, and trends for greater involvement of
the right parasubiculum and fimbria compared to LPA. The pre and parasubiculum both
receive inputs from the parietal lobe and evidence has suggested that they play a role in
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creating a visuospatial representation of the world, i.e. a scene, critical in both memory,
navigation and spatial processing[40]. It is, therefore, possible that damage to the pre and
parasubiculum in PCA could be contributing to the visuospatial deficits characteristic of this
syndrome. The fimbria is a white matter tract that begins at the posterior end of the
hippocampus and transitions into the fornix which is the main connecting tract of the limbic
system [41]. The fimbria-fornix pathway plays a crucial role in spatial memory [42]. The
posterior location of the fimbria may make it particularly vulnerable in PCA, since
neurodegeneration is observed in posterior temporal and parietooccipital regions[5]. We also
observed a trend for LPA to have a smaller volume of the left CA1 compared to PCA. This
was somewhat unexpected given that the CAL1 subfield plays a crucial role in contextual
retrieval [43], incremental value learning [44] and episodic autobiographical memory [45],
and is associated with typical amnestic AD[46—49]. Abnormalities in CA1 have previously
been identified in patients with primary progressive aphasia and were related to visual
memory performance[22]. While the LPA patients in our cohort performed comparably to
the PCA patients in both visual and verbal memory performance, both tests can be
confounded by non-memory language and visuoperceptual deficits, plus the PCA patients
had a longer disease duration.

We also observed differences between both atypical AD variants and typical AD. The typical
AD group showed relatively bilateral patterns of atrophy with the most striking loss
observed in the hippocampal tail, subiculum, molecular layer, presubiculum, CAl and CAA4.
Interestingly, the AD patients did not show increased volume of either hippocampal fissure,
in line with a previous study[50]. We found that the right subiculum was smaller in AD
compared to both LPA and PCA, suggesting that it may be preferentially affected in
amnestic AD. The AD patients also showed smaller volumes of the right CA1 and
presubiculum subfields compared to LPA. Previous studies have shown that both CA1 and
the subiculum are strongly affected in amnestic AD[49, 51, 52], and one study found smaller
CAL volumes in typical AD compared to PCA[21]. We also found evidence that the left
HATA was smaller in LPA compared to AD. In fact, the left HATA showed a larger
difference (i.e. AUROC) between LPA and controls than between PCA and controls,
suggesting a particular association with LPA. It is unclear whether the HATA contributes to
the LPA phenotype, although the left anterior temporal lobe does indeed tend to be involved
to a greater degree in LPA than AD and PCA and so it may reflect the anatomy of the
disease[16, 53].

A strength of our study was the large number of LPA and PCA patients who all underwent
identical MRI as well as amyloid determination with PiB-PET. A limitation, however, was
that the PCA group had a longer disease duration at the time of scan and were younger than
the LPA group which could have biased the results. The use of ADNI data allowed
comparison to a large cohort of controls and to a cohort of probable AD patients. We
ensured that the ADNI cases were also scanned on a GE, 3T scanner; however, noise could
have been introduced into the analysis since ADNI cases are scanned in multiple sites. We
only used T1-weighted MRI scans in order to define hippocampal subfields; a determination
which could be improved by including complementary information from T2 weighted MR
imaging.
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In summary, this study demonstrates that these atypical variants of AD have overlapping
neuroanatomical disruptions in the hippocampal subfields, although there are some regional
differences which may relate to differences in clinical or neurodegenerative topography
between LPA and PCA. There is also evidence that patterns of hippocampal subfield
involvement in atypical AD differ somewhat from that observed in typical amnestic AD.
Future research is needed to determine the histological correlates of these findings. Given
these findings, it may be important to understand disease mechanisms behind neurogenesis
in hippocampal subfields, perhaps utilizing techniques such as proteomics and metabolomics
that may be important steps towards developing therapeutics.
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Representative examples of hippocampal subfield segmentations from a patient with PCA,

LPA, AD, and a control. The left side of the brain is shown on the right of each image.
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Box-plots across groups for hippocampal subfields that showed differences between LPA,
PCA, and AD. Values are adjusted for TIV. *<0.05, **<0.01, ***<0.001, ****<0.0001,
ttrend-level of p < 0.10.
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Table 1:

Demographic and clinical characteristics of patients with LPA and PCA

Features LPA(N=77) PCA(N=59) FDR p-values
Gender (female) 46 (60%) 36 (61%) 0.88
Handedness (right) 68 (88%) 54 (92%) 0.68
Age Onset (years) 64 (57, 70) 58 (54, 63) 0.0002
Age MRI (years) 68 (61,73) 62 (58.5, 69.5) 0.02
Education 16 (14, 16) 16 (13, 18) 0.66
Disease duration (years) 3.6(2.7,4.9) 4.7 (3.9,6.8) 0.0004
Global PiB SUVR 24(22,26) 25(23,2.6) 0.29
BNT 9(6.5,12) 12 (9, 14) 0.02
BDAE repetition 6 (4,8) 8 (6, 10) 0.02
NPI-Q 2(1,4) 35(2,6) 0.03
CDR sum of boxes 3(15,45) 4(2,75) 0.02
WMS-I11 VR% retention MOANS 8 (6, 10.5) 75(4,9.8) 0.29
AVLT long term recall MOANS 6(4,7) 6 (4,8) 0.68
VOSP letters 19.5(18,20)  11.5(5.25, 16) <0.0001
MOCA 16 (10, 19) 18 (10, 20) 0.62
MSD-UPDRS Il1 3(1.375, 6) 2(0,8) 0.29
Rey-O MOANS 6(2,9.25) 2(2,2) 0.0002

Data are shown as Q1 (Q1, Q3) or NV (%). Significant adjusted p-values are bolded. AVLT: Auditory Verbal Learning Test, Rey-O-MOANS: Rey
Osterrieth Mayo Older American Normative Scale, MOCA: Montreal Cognitive Assessment Battery; CDR: Clinical Dementia Rating, VOSP:
visual object and space perception, WMS-111 VR% retention MOANS: Wechsler Memory Scale Il Visual Reproduction MOANS, BNT: Boston
Naming Test, BDAE: Boston Diagnostic Aphasia Examination, NPI-Q: Neuropsychiatric Inventory Brief Questionnaire, MSD-UPDRS III:
Movement Disorder Society Unified Parkinson’s Disease Rating Scale Part I11.
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Table 2:

Hippocampal volume estimates for LPA, PCA, AD and controls

TIV normalized hippocampal volumes

Kruskal-Wallis p-value

Hippocampal subfields LPA PCA AD Control

Left Hippocampal tail 0.306 (0.064) | 0.313 (0.052) | 0.290 (0.044) | 0.368 (0.056) | <0.0001
Left subiculum 0.243 (0.047) | 0.242 (0.057) | 0.236 (0.040) | 0.293 (0.044) | <0.0001
Left CA1 0.345 (0.060) | 0.369 (0.063) | 0.365 (0.068) | 0.428 (0.069) | <0.0001
Left hippocampal fissure 0.109 (0.022) | 0.107 (0.024) | 0.116 (0.024) | 0.121 (0.026) | 0.003
Left presubiculum 0.173 (0.030) | 0.177 (0.037) | 0.169 (0.037) | 0.211 (0.033) | <0.0001
Left parasubiculum 0.037 (0.009) | 0.039 (0.009) | 0.037 (0.012) | 0.044 (0.010) | <0.0001
Left molecular layer HP 0.301 (0.053) | 0.320 (0.054) | 0.313 (0.060) | 0.380 (0.055) | <0.0001
Left GC.ML.DG 0.157 (0.025) | 0.165 (0.030) | 0.166 (0.029) | 0.197 (0.030) | <0.0001
Left CA3 0.112 (0.020) | 0.119 (0.023) | 0.118 (0.025) | 0.144 (0.025) | <0.0001
Left CA4 0.139 (0.022) | 0.144 (0.029) | 0.140 (0.030) | 0.174 (0.024) | <0.0001
Left fimbria 0.038 (0.016) | 0.037 (0.017) | 0.035 (0.015) | 0.046 (0.015) | <0.0001
Left HATA 0.031 (0.007) | 0.034 (0.007) | 0.034 (0.008) | 0.041 (0.008) | <0.0001
Left whole hippocampus 1.875(0.323) | 1.969 (0.350) | 1.936 (0.326) | 2.319 (0.306) | <0.0001
Right hippocampal tail 0.336 (0.058) | 0.342(0.067) | 0.316 (0.060) | 0.382 (0.064) | <0.0001
Right subiculum 0.253 (0.044) | 0.249 (0.047) | 0.229 (0.047) | 0.294 (0.045) | <0.0001
Right CA1 0.393 (0.071) | 0.375(0.071) | 0.360 (0.061) | 0.448 (0.074) | <0.0001
Right hippocampal fissure | 0.120 (0.024) | 0.121 (0.022) | 0.125 (0.028) | 0.126 (0.025) | 0.514
Right presubiculum 0.174 (0.033) | 0.160 (0.030) | 0.156 (0.029) | 0.198 (0.032) | <0.0001
Right parasubiculum 0.037 (0.010) | 0.034 (0.008) | 0.035 (0.010) | 0.042 (0.009) | <0.0001
Right molecular layer HP | 0.336 (0.048) | 0.327 (0.059) | 0.311 (0.064) | 0.390 (0.052) | <0.0001
Right GC.ML.DG 0.182 (0.030) | 0.182 (0.034) | 0.172 (0.037) | 0.208 (0.032) | <0.0001
Right CA3 0.136 (0.023) | 0.138 (0.025) | 0.129 (0.024) | 0.155 (0.028) | <0.0001
Right CA4 0.160 (0.024) | 0.155 (0.027) | 0.149 (0.027) | 0.180 (0.026) | <0.0001
Right fimbria 0.037 (0.016) | 0.032 (0.014) | 0.031(0.012) | 0.046 (0.015) | <0.0001
Right HATA 0.036 (0.006) | 0.034 (0.008) | 0.036 (0.007) | 0.044 (0.008) | <0.0001
Right whole hippocampus | 2.068 (0.322) | 2.064 (0.319) | 1.926 (0.366) | 2.387 (0.325) | <0.0001

GC-ML-DG: Molecular and Granule Cell Layers of the Dentate, HATA: Hippocampal Amygdala Transition Area, PCA: Posterior Cortical

Atrophy, LPA: Logopenic Progressive Aphasia, AD: probable Alzheimer’s Disease.
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