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Differential atrophy along the longitudinal axis of the hippocampus in Alzheimer’s Disease and 1 

Suspected Non-Alzheimer’s Disease Pathophysiology (SNAP) 2 

 3 

ABSTRACT 4 

Purpose: Cerebrospinal fluid (CSF) biomarkers are increasingly used to support Alzheimer’s disease (AD) 5 

diagnosis: Alzheimer’s Disease continuum (ADc) is defined by abnormal amyloid-beta (Aβ), while Suspected 6 

Non-AD Pathophysiology (SNAP) refers to normal Aβ with elevated tau. Given the differential properties 7 

along the hippocampal longitudinal axis, this study aimed to evaluate antero-posterior subregional hippocampal 8 

volume differences among ADc, SNAP, and controls, and their associations with CSF biomarkers and clinical 9 

presentation. 10 

Methods: Data from 1242 participants in the Alzheimer’s Disease Neuroimaging Initiative were analyzed. 11 

Controls (n=234) had normal CSF Aβ (≥192 pg/ml), total tau (<93 pg/ml), and phosphorylated tau (<23 pg/ml). 12 

ADc individuals (n=784) had abnormal Aβ, and SNAP (n=224) showed normal Aβ with elevated tau. T1-13 

weighted MRI scans were used to segment the hippocampus into anterior, intermediate, and posterior 14 

subregions. Controlling for age, sex, and multiple comparisons, groups were compared using one-way 15 

ANOVA, and Pearson correlation coefficients were calculated to assess the relationships between volumetric 16 

variables and age, CSF biomarkers, or neuropsychological scores. 17 

Results: ADc individuals showed significantly lower total and subregional hippocampal volumes compared 18 

with SNAP and controls (P<0.001). Normalized volumes to total ipsilateral hippocampal volume revealed 19 

greater posterior atrophy (P<0.001) and relatively higher anterior volume (P<0.01) in ADc. SNAP and controls 20 

showed stronger correlations between hippocampal volumes and age. Several subregional hippocampal 21 

volumes correlated with CSF biomarkers, cognitive performance, neuropsychiatric symptoms, and functional 22 

impairment. 23 

Conclusion: This study reveals distinct patterns of hippocampal atrophy in ADc and SNAP, enhancing our 24 

understanding of their differential pathophysiology and associated clinical features. 25 

 26 
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Abbreviations: 27 

Aβ, amyloid-β; AD, Alzheimer’s Disease; ADc, Alzheimer’s Disease continuum; ADNI, Alzheimer’s Disease 28 

Neuroimaging Initiative; AUC, area under curve; CDR, clinical dementia rating; CSF, cerebrospinal fluid; 29 

eTIV, estimated total intracranianal volume; FAQ, Functional Activities Questionnaire; GDR, geriatric 30 

depression scale; MMSE, mini-mental state exam; NPI-Q, Neuropsychiatric Inventory Q; ROC, receiver 31 

operating characteristic; Suspected Non-AD Pathophysiology, SNAP; P-Tau, phosphorylated Tau; T-Tau, total 32 

Tau.  33 
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INTRODUCTION 34 

Alzheimer's disease (AD) is characterized by the accumulation of amyloid-β (Aβ) and Tau proteins in the brain, 35 

leading to neurodegeneration and cognitive decline [1, 2]. Cerebrospinal fluid (CSF) biomarkers are 36 

increasingly used in diagnosing neurodegenerative conditions. Biomarker-based criteria were proposed to 37 

classify individuals based on their amyloid, Tau, and/or neurodegeneration/neuronal injury status [3]. 38 

According to these criteria, indirect evidence of aggregated Aβ pathology, such as decreased levels in CSF, 39 

defines the Alzheimer's disease continuum (ADc). The introduction of these criteria has led to the concept of 40 

suspected non-AD pathophysiology (SNAP), which describes individuals with no evidence of Aβ pathology but 41 

with signs of Tau pathology or neurodegeneration, indicated by elevated levels of CSF phosphorylated Tau (P-42 

Tau) or total Tau (T-Tau), respectively. While the revised criteria for AD diagnosis and staging undervalues the 43 

clinical significance of SNAP cases, it also highlights that these could correspond to neuropathologically 44 

defined primary age-related tauopathy (PART) [4], which is a non-AD condition still understudied, but known 45 

to associate with specific clinical and imaging profiles [5, 6]. 46 

The underlying pathological processes of SNAP remain unclear and need to be distinguished from those of 47 

ADc. One of the brain structures affected early on in AD pathogenesis is the hippocampus, which is 48 

heterogeneous along its longitudinal axis in terms of gene expression, electrophysiology, connectivity, and 49 

function [7, 8]. Furthermore, recent research has shown that the posterior hippocampus is more susceptible to 50 

atrophy than the anterior or intermediate portions in clinically defined AD [9]. 51 

In this study, we used the same algorithm to segment the HPC into those subregions to assess atrophy along the 52 

longitudinal axis of the hippocampus in both ADc and SNAP, as defined by CSF Aβ, P-Tau, and T-Tau levels. 53 

We also aimed to determine how these patterns of atrophy could help differentiate between these conditions at 54 

an early stage of the ADc. Additionally, we evaluated how various subregional volumetric metrics correlate 55 

with clinical presentation and CSF biomarkers.  56 
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MATERIALS AND METHODS 57 

Research design, subjects and variables 58 

The data utilized in this study were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 59 

database (adni.loni.usc.edu), established in 2003 as a public–private partnership led by principal investigator 60 

Michael W. Weiner, MD. The primary aim of ADNI has been to investigate whether various metrics, including 61 

those derived from magnetic resonance imaging (MRI), are associated with cognitive dysfunction and the onset 62 

of AD. This initiative received approval from the institutional ethical committees of all participating 63 

institutions, and written informed consent was obtained from all research participants and, when applicable, 64 

from collateral informants. The ADNI database encompasses data from over 60 sites across the USA and 65 

Canada. Following approval and granted access to the data, we retrieved ADNI data from 66 

https://ida.loni.usc.edu/l across all available cohorts (ADNI-1, ADNI-GO, ADNI-2, and ADNI-3). Individuals 67 

were included based on the availability of CSF biomarkers. ADc was defined as CSF Aβ < 192 pg/ml; SNAP 68 

had Aβ levels ≥ 192 pg/ml with T-Tau levels ≥ 93 pg/ml or P-Tau levels ≥ 23 pg/ml. Sex, age, volumetric T1-69 

weighted MRI acquisition, scores on the Mini-Mental State Exam (MMSE), Clinical Dementia Rating (CDR), 70 

Neuropsychiatric Inventory Q (NPI-Q), Geriatric Depression Scale (GDS), and Functional Activities 71 

Questionnaire (FAQ) collected closest to the date of lumbar puncture were obtained for analysis. 72 

 73 

MRI brain imaging analysis and HPC segmentation 74 

Volumetric T1-weighted MRI scans were converted to NIfTI format, downloaded, and subjected to further 75 

analysis. Structural data were processed using the standard semiautomatic workflow implemented in FreeSurfer 76 

toolkit version 6.0 (http://surfer.nmr.mgh.harvard.edu/). This pipeline involves 31 processing steps, including 77 

spatial normalization, skull stripping, intensity normalization, gray-white matter tessellation, and segmentation 78 

of cortical, subcortical, and white matter regions. This pipeline has been validated against manual 79 

segmentations [10] and is considered reliable across sessions, scanner platforms, updates and field strengths 80 

[11]. For the purposes of the present study, only left hippocampus, right hippocampus and estimated total 81 

intracranial volume (eTIV) were considered. The segmentation of the hippocampus along its longitudinal axis 82 

was performed as described by Morais-Ribeiro et al. [9]. Briefly, this segmentation method builds upon an 83 

algorithm previously described by Lerma-Usabiaga et al. [12] and is publicly available at 84 
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https://github.com/anacoelho/HippocampusAxisAnalysis.git. Principal component analysis is initially 85 

conducted on all points belonging to the hippocampus to derive the longitudinal axis, which is then refined 86 

using quadratic Bézier curve. Subsequently, orthogonal planes to the longitudinal axis are defined to perform 87 

the sub-segmentation into three hippocampal subdivisions: anterior, intermediate, and posterior. The volume of 88 

each subdivision is computed accordingly. 89 

 90 

Statistical analysis 91 

Subregional volumes were normalized by either dividing absolute volume by the absolute total hippocampus 92 

volume or by eTIV as indicated. Residuals of regression were calculated for volumetric measures and clinical 93 

scores, controlling for age and sex, except when analyses over age were performed, in which case adjustment 94 

only for sex was conducted in this way. Group comparisons were conducted using one-way ANOVA with 95 

adjustment for eTIV, age, and sex, followed by Tukey’s multiple comparisons post hoc test – data are presented 96 

as box-whisker plots, with the median (center line), 25th to 75th percentiles (box), and minimal and maximal 97 

values (whiskers). Pearson correlation coefficients (r) were calculated to analyze the relationship of volume 98 

metrics with age, and comparisons between groups were performed using the Jennrich test with adjustment for 99 

multiple comparisons using Bonferroni correction – scatterplots with linear regression trend lines and 95% 100 

confidence intervals were generated to visualize the correlation data. The discrimination magnitude of the 101 

anterior/posterior hippocampal volume ratio between ADc and SNAP in early age was assessed by calculating 102 

the area under the curve (AUC) of the receiver operating characteristic (ROC). Correlation analyses (r) between 103 

subregional volumetric metrics and either the clinical scores or CSF biomarkers were represented as heat maps, 104 

with control for multiple corrections using the Benjamini-Hochberg procedure (FDR < 5%). CSF levels of Aβ, 105 

P-Tau, T-Tau, and age were compared between groups using one-way ANOVA with Tukey’s multiple 106 

comparisons post hoc test. Sex distribution between groups was analyzed using the chi-squared test. Outliers 107 

were excluded via the ROUT method (Q 0.1%). Results were considered significant when P < 0.05, except 108 

when adjustment for multiple comparisons was conducted (adjusted significance P is indicated in corresponding 109 

figures). Tests were two-sided. Stata 16.1 was used for calculating residuals, conducting the Jennrich test, 110 

graphing volumetric variations over age, and generating ROCs. Prism 7 (GraphPad) was utilized for outlier 111 

identification, one-way ANOVA, Pearson coefficients calculation, graphing box-whisker plots, stacked bar 112 

charts, and correlational heat maps.  113 
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RESULTS 114 

A total of 784 individuals classified as ADc (defined by abnormal Aβ concentration in CSF), 224 SNAP 115 

participants (exhibiting normal CSF Aβ levels but abnormal T-Tau or P-Tau), and 234 controls (displaying 116 

normal levels of Aβ, T-Tau, and P-Tau) were included. As anticipated, ADc individuals exhibited reduced Aβ 117 

levels compared with the other groups, while no differences were observed between controls and SNAP in Aβ 118 

levels. Significant differences were observed among the three groups in both T-Tau and P-Tau levels (Online 119 

supplemental data - Fig S1). ADc participants were older compared with SNAP, with no other significant age 120 

differences among the groups. There were no differences in sex proportions between the groups (Online 121 

supplemental data - Fig S2). 122 

 123 

Total HPC volume 124 

Initially, we compared the volumes of the total HPC among the groups. Controlling for age, sex, and eTIV, 125 

ADc participants showed significantly diminished volumes of both right (P < 0.001) and left (P < 0.001) 126 

hippocampus compared with the other groups (Fig 1A, Online supplemental data – Fig S3A). Adjusting for sex 127 

and eTIV, a significant age-related decrease in hippocampal volume was observed bilaterally across all three 128 

groups. However, on the right, ADc correlation was less pronounced compared with controls (P = 0.002) and 129 

SNAP (P < 0.001); on the left hemisphere, ADc group showed a significantly different correlation compared 130 

with SNAP only (P = 0.006) (Fig 1B, Online supplemental data - Fig S3B). 131 

 132 

Volume of subregions along the longitudinal axis of the hippocampus 133 

Subsequently, we applied the longitudinal axis segmentation method described by Morais-Ribeiro et al. [9] to 134 

divide the hippocampus into three equal subdivisions: anterior, intermediate, and posterior. Controlling for age, 135 

sex, and eTIV, ADc participants exhibited decreased volumes in all three subregions compared to the other 136 

groups, in both hemispheres (P < 0.001; Fig 2A, Online supplemental data - Fig S4A). Furthermore, adjusting 137 

for eTIV and sex, a similar pattern of correlation with age was observed for the subregional volumes on both 138 

hemispheres, with a decreased influence of age observed in the ADc group compared to controls or SNAP (Fig 139 

2B, Online supplemental data - Fig S4B). 140 
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To investigate differential intrahippocampal changes in these subregional volumes, we normalized the volumes 141 

of the anterior, intermediate, and posterior hippocampus to the total ipsilateral hippocampal volume (besides 142 

adjustments for age and sex). ADc participants exhibited an increased ratio of anterior hippocampus volume to 143 

total hippocampal volume and a decreased ratio of posterior hippocampus volume to total hippocampal volume 144 

compared with controls or SNAP, both on the left (P < 0.001) and right (P < 0.01) hemispheres (Online 145 

supplemental data – Fig S5A and C). Notably, ADc showed minimal change in these ratios over time, as 146 

opposed to controls or SNAP (exception made for left anterior hippocampus in controls), in which those ratios 147 

tend to equalize the ones from ADc in older individuals (Online supplemental data - Fig S5B and D). No 148 

differences between groups were found in intermediate hippocampus volume, including over time. 149 

To consolidate these differential changes along the longitudinal axis of the hippocampus into a single metric, 150 

we calculated the ratio of anterior hippocampal volume to posterior hippocampal volume for both hemispheres. 151 

This ratio was bilaterally increased in ADc compared with the other groups (P < 0.001; Fig 3A, Online 152 

supplemental data - Fig S6A), and while SNAP and controls showed progressive increase over time, ADc 153 

exhibited minimal changes (Fig 3B, Online supplemental data - Fig S6B). Given that these volumetric 154 

differences between groups attenuate over time and the challenge to distinguish neurodegenerative conditions in 155 

younger individuals, we sought to evaluate the potential discriminatory ability of this ratio to correctly discern 156 

between SNAP and ADc in young individuals (below 60 years old), by calculating the corresponding AUC of 157 

ROC curve for right and left hippocampus. We observed minimally satisfactory discrimination between groups, 158 

with an estimated AUC of 0.70 for the right side (Fig 3C) and 0.70 0.65 for the left (Online supplemental data - 159 

Fig S6C). 160 

 161 

Relationship between subregional metrics and clinical scores 162 

Controlling for age and sex, ADc participants demonstrated worse cognition (P < 0.001), more neuropsychiatric 163 

symptoms (P < 0.01), and greater functional impairment (P < 0.001) compared with controls or SNAP (Online 164 

supplemental data - Fig S7A-E). Correlation heatmaps uncovered significant relationships between these 165 

clinical scores and the calculated subregional volumetric measures, with stronger correlations observed in ADc 166 

(Fig 4). Notably, more “predictive” variables were detected on the left than the right, for both SNAP and ADc. 167 

 168 
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Association between subregional metrics and CSF biomarkers 169 

To depict if these subregional volumes correlate with the CSF biomarkers used to define our groups of study 170 

(T-Tau, P-Tau and Aβ), we built correlation heatmaps between those and the same subregional volume 171 

variables. Controls showed no significant correlations (Fig 5A), whereas ADc showed multiple significant 172 

correlations with levels of T-Tau, P-Tau and Aβ (Fig 5B). In SNAP, only CSF T-Tau concentration correlated 173 

with subregional volumetric measures (Fig 5C).  174 
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DISCUSSION 175 

CSF biomarkers have become integral in aiding the differential diagnosis of neurodegenerative conditions such 176 

as ADc, evidenced by Aβ pathology, and SNAP, characterized by elevated Tau levels in CSF alongside normal 177 

Aβ concentration [3]. Notably, studies focused on the hippocampus have underscored distinct properties along 178 

its longitudinal axis [8]. Here, we detail volumetric changes along the hippocampus axis among individuals 179 

with these neurodegenerative conditions and controls, alongside exploring their relationship with clinical scores 180 

and the CSF biomarkers T-Tau, P-Tau, and Aβ. 181 

The hippocampus plays a pivotal role in learning and memory, and its volume is known to decrease in patients 182 

with AD [13]. Our subregional analyses align with recent work by Morais-Ribeiro et al. [9], wherein similar 183 

investigations were conducted within an AD group defined by clinical presentation. Both studies underscore the 184 

heightened vulnerability of the posterior hippocampus to atrophy (Fig 3, Online supplemental data - Fig S5). 185 

Complementing these findings, Wolf et al. employed three-dimensional surface mapping to assess the 186 

microstructural integrity of hippocampal subfields, revealing that the association of age with hippocampal 187 

microstructural integrity predominantly affects regions situated in the hippocampal body and tail [14]. 188 

Moreover, our findings indicate that changes in various volumetric subregions exhibit a less pronounced effect 189 

of aging in AD compared with controls and SNAP, consistent with decreased volumes observed from early ages 190 

in the AD group. We confirm that volumes of the anterior, intermediate, and posterior hippocampus 191 

significantly correlate with MMSE scores [9] and expand upon that by demonstrating that these subregional 192 

volumes are also associated with CDR score and daily functioning (Fig 4). Interestingly, our analysis reveals a 193 

distinct pattern in ADc, wherein volumes of the intermediate and anterior hippocampus are significantly 194 

associated with NPI-Q score, which gauges the magnitude of neuropsychiatric symptoms. This finding 195 

complements recent research indicating a 42% prevalence of psychosis in AD, which was linked to various 196 

histologic and clinical metrics, as well as regional temporal lobe atrophy [15]. 197 

The ratio of anterior hippocampal volume to posterior hippocampal volume, serving as a consolidated metric 198 

capturing both anterior and posterior relative atrophy patterns, not only exhibited significant correlations with 199 

global cognition and daily functioning in ADc (Fig 4) but also emerged as a potential neuroimaging biomarker 200 

for distinguishing ADc from SNAP at an early stage (Fig 3). Our findings regarding subregional volumes in 201 

SNAP are consistent with various studies showing that total hippocampal atrophy and cognitive decline are 202 

more pronounced in ADc than in SNAP, with the latter showing no relevant differences compared with controls 203 
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[16–22]. Expanding on those studies focused on total hippocampal volume assessment, our approach delves 204 

into anterior-posterior subregional volumes. Interestingly, while SNAP presents as a relatively benign condition 205 

at the cognitive and volumetric levels when compared with controls, we found significant correlations between 206 

subregional volumes and T-Tau in SNAP but not in controls, indicative of underlying incipient 207 

neurodegeneration in the former. Importantly, early neurodegeneration entails synaptic and neuronal loss, with 208 

levels of CSF Tau (rather than Aβ) being predictive of future cognitive impairments [23]. 209 

Our analyses revealed various correlations between subregional hippocampal volumes and the levels of 210 

biomarkers implicated in the pathophysiology of ADc and SNAP. Significant associations were observed with 211 

T-Tau, P-Tau, and Aβ in ADc, and with T-Tau in SNAP (Fig 5). In ADc, these results are consistent with 212 

previous findings regarding total hippocampal volume [24]. Moreover, in AD cases with dementia, postero-213 

medial network regions that coactivate with the posterior hippocampus overlap with areas exhibiting Aβ and 214 

Tau deposition [25]. Since various neurodegenerative disorders involve toxic accumulation of proteins, such as 215 

Aβ and Tau in AD, their regional deposition may explain the anterior–posterior hippocampal atrophy in AD. 216 

Interestingly, recent studies of neuropathological and imaging data of AD patients suggest a strong association 217 

between antero-medial temporal regions, such as the anterior hippocampus, and the accumulation of transactive 218 

response DNA-binding protein 43 (TDP-43) [26], a finding replicated in clinically defined populations 219 

exhibiting probable TDP-43 pathology [27]. Furthermore, in AD, iron deposition in the posterior hippocampal 220 

CA1 region has been strongly and negatively correlated with memory fidelity [28]. Additionally, other 221 

pathologies co-occurring in ADc, such as the presence of Lewy bodies [6] or cerebrovascular changes [29], 222 

which are known to differentially affect brain atrophy patterns, can potentially impact the hippocampus along 223 

its longitudinal axis and should be taken into account in future studies. 224 

On the other hand, cognitive deterioration in SNAP subjects appears to be more closely related to neuronal 225 

damage rather than Aβ pathology [30]. In line with the new research framework for AD, SNAP is now 226 

conceptually understood to be positive for neurodegeneration, which can be defined based on MRI-detected 227 

atrophy, abnormal 18F-FDG PET scans, or elevated CSF Tau levels [3]. Despite our findings that SNAP groups 228 

exhibit increased T-Tau levels and corresponding correlations with hippocampal subregional volumes, these 229 

volume metrics are not significantly different from controls. This suggests that different neurodegeneration 230 

biomarkers track distinct aspects of disease processes, providing similar but not redundant information [31]. 231 

Furthermore, the underlying pathology of SNAP is heterogeneous. Unlike amyloid pathology, several 232 
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pathological processes can lead to neurodegeneration, including PART [32, 33], which is the most prevalent 233 

pathology that can be observed in people with “pathological” SNAP (that is, with no evidence of amyloid 234 

pathology in the presence of Tau pathology) [34, 35]. Additionally, PART typically has a much more limited 235 

impact on cognition compared with AD as well, so it may account for at least a subset of individuals with the 236 

SNAP biomarker profile [36]. 237 

Our analyses revealed that left subregional volumetric metrics are particularly predictive of global cognition 238 

and daily functioning in both ADc and SNAP (Fig 4), the same side where correlations with T-Tau were found 239 

in SNAP (Fig 5). Additionally, we observed differences between ADc and SNAP in their correlations of total 240 

(Fig 1, Online supplemental data - Fig S3) and intermediate (Online supplemental data - Fig S3 and S4) 241 

hippocampal volumes with age, also on the left side. Altogether, left hippocampal atrophy may better reflect 242 

clinical presentation and represent underlying pathophysiology. 243 

Some caveats must be considered in interpreting our findings. First, there may be a degree of selection bias 244 

inherent in the ADNI cohort's composition and corresponding data collection methods. Second, despite the 245 

large sample size, relying on a single database may limit the generalizability of our results. Finally, despite 246 

adjusting for well-established potential confounders, as an observational study, there may be other confounding 247 

factors that we did not account for. 248 

As a future perspective, given that AD mainly declarative memory deficits [37], it is crucial to understand the 249 

extent to which subregional atrophy patterns along the longitudinal hippocampal axis impact specific 250 

components of this form of long-term memory. For instance, in rodents, dorsal hippocampus lesions impair 251 

spatial memory and lesions in ventral hippocampus lead to anxiety-like behavior [8, 38], whereas social 252 

memory depends on different subregions along the longitudinal axis [39]. Lastly, SNAP’s etiology remains 253 

unclear, with several processes possibly contributing to neurodegeneration. Importantly, while the revised 254 

criteria for AD diagnosis and staging acknowledge that SNAP cases could correspond to PART, they do not 255 

tackle the biomarker definition and potential clinical significance of SNAP and how it differentiates from AD 256 

[4]. Therefore, complementary biomarkers reflecting disease-specific and co-occurring pathologies will be 257 

invaluable for improving diagnostic accuracy. These biomarkers may encompass genetic, molecular, imaging, 258 

and vascular factors [18]. 259 

 260 
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CONCLUSIONS 261 

We demonstrated that ADc displays lower total and subregional hippocampal volumes compared with SNAP or 262 

controls, with a particular susceptibility in the posterior hippocampus and less dependency of these volumetric 263 

measures on age. Several subregional hippocampal volumes correlate significantly with altered levels of CSF 264 

biomarkers in both ADc and SNAP, aligning with the specific pathophysiology involved, and are associated 265 

with global cognition, neuropsychiatric features, and functional impairment. The anterior-posterior relative 266 

atrophy pattern can contribute to differentiation between ADc and SNAP. Therefore, our work contributes to 267 

the growing evidence implicating anterior–posterior gradients in hipocampal disease.  268 
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FIGUREs 398 

 399 

Fig. 1 Comparison of total right hippocampus volume between groups. Controlling for age, sex and eTIV, ADc 400 

show significantly diminished volumes of the right hippocampus (HPC) compared to controls and SNAP (A). 401 

Adjusting for sex and eTIV, the three groups show a significant decrease of the right HPC volume with age (B) 402 

- ADc correlation is significantly different from the other groups. # P < 0.01(6); ***P < 0.001; ns, non-403 

significant; R, right  404 
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 405 

Fig. 2 Subregional right hippocampal volumes normalized to eTIV comparisons between groups. On the right 406 

hemisphere, ADc displays reduced volume of posterior (A1), intermediate (A2) and anterior hippocampus 407 

(HPC) (A3). The three groups have a significant decrease of the right posterior (B1), intermediate (B2) and 408 

anterior HPC volume (B3). ADc correlation with age is significantly different from the remaining groups in 409 

posterior HPC and in intermediate; in anterior HPC, it is different from SNAP. # P < 0.025; ***P < 0.001; ns, 410 

non-significant; R, right  411 
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 412 

Fig. 3 Anterior/posterior right hippocampal volume ratio compared between groups. On the right hippocampus 413 

(HPC), ADc also display increased anterior/posterior HPC volume ration compared to the other groups (A). 414 

Over age and controlling for sex, there is significant increase of this ratio in controls and SNAP, with no 415 

significant change in ADc (B) – that variation is significantly different between controls and ADc. AUC of 416 

ROC for the right ratio to distinguish ADc from SNAP is estimated at 0.70 (C). # P < 0.01(6); **P < 0.01; ***P 417 

< 0.001; ns, non-significant; R, right  418 
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 419 

Fig. 4 Correlation analyses between hippocampal subregional volumetric measures and various clinical scores. 420 

In all of these analyses, adjustment for age and sex was performed. Only significant results are colored, after 421 

correction for multiple comparisons with Benjamini-Hochberg method (FDR < 5%). Color and brightness 422 
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indicate magnitude of Pearson coefficient r according to the color code displayed. Controls, ADc and SNAP 423 

show various significant correlations between hippocampal (HPC) subregional metrics and mini-mental state 424 

exam score, clinical dementia rating and functional activities questionnaire score; no significant correlations 425 

were found with geriatric depression scale; ADc is the only group in which there are significant correlations 426 

with neuropsychiatric inventory Q score. Refer to Online supplemental data - Tables S1, S2 and S3 for detailed 427 

Pearson coefficients, corresponding P values and adjusted alpha level that indicates statistical significance. 428 

MMSE, Mini-Mental State Exam, CDR, Clinical Dementia Rating; NPI-Q, Neuropsychiatric Inventory Q; 429 

GDR, Geriatric Depression Scale; FAQ, Functional Activities Questionnaire  430 
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 431 
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Fig. 5 Heat map of correlation analyses (r) between hippocampal subregional volumetric measures and CSF 432 

levels of T-Tau, P-Tau and Aβ, for controls (A), ADc (B) and SNAP (C). Adjustment for age and Benjamini-433 

Hochberg method (FDR < 5%) was used to control for multiple comparisons. Only significant results are 434 

colored, according to the color code displayed. Refer to Online supplemental data - Tables S4, S5 and S6 for 435 

detailed Pearson coefficients, corresponding P values and adjusted alpha level that indicates statistical 436 

significance 437 
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