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Abstract

INTRODUCTION: The increasing use of Alzheimer’s disease (AD) biomarkers has led

to the recognition of a subgroup of non-ADamnesticmild cognitive impairment (aMCI)

patients who have medial temporal hypometabolism on fluorodeoxyglucose-positron

emission tomography (FDG-PET).

METHODS: In this academic memory-clinic-based consecutive series, 16 non-AD

aMCI patients and 28 AD controls matched for sex, age, and baseline Mini-Mental

State Examination (MMSE) were followed for a median duration of 4.5 years. Our

primary outcome was the MMSE decline rate over the subsequent years. We also

determined the final diagnosis over time.

RESULTS: FDG-PET showed more pronounced medial temporal hypometabolism in

non-ADcases andmore inferior parietal lobule hypometabolism inADcontrols.MMSE

decline was slower in non-AD (β = −0.51) than in AD (β = −2.00) patients. Five non-

AD cases developed frontotemporal dementia years after symptom onset, and one

developed dementia with Lewy bodies.

DISCUSSION: Non-AD aMCI patients with medial temporal hypometabolism show

slower cognitive decline.
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Highlights

∙ Non-AD aMCI with medial temporal hypometabolism shows slower cognitive

decline than AD.

∙ FDG-PET revealed distinct metabolic patterns between non-AD aMCI and AD

patients.
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∙ Approximately one-third of non-AD aMCI cases developed frontotemporal

dementia.

∙ Comprehensive diagnostic biomarkers are crucial for non-AD aMCI characteriza-

tion.

1 INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of dementia

and a leading source of morbidity and mortality in aging individuals,

with prevalence rising from 0.2% to 0.9% at age 60−64 years old to

10.7%−13.1% in those aged 80−84 years.1

A diagnosis of amnestic mild cognitive impairment (aMCI) relies

on subjective memory complaints confirmed by neuropsychological

assessment, with other cognitive domains and instrumental activities

of daily living remaining relatively intact.2 Individuals diagnosed with

aMCI have an annual conversion rate to dementia of approximately

10% (but up to 30%).3,4 Although difficultieswith delayed recall (i.e., an

amnestic deficit), are commonly associatedwithAD,5 this presentation

can also be caused by non-AD pathologies.

The development of biomarkers has significantly advancedADdiag-

nosis by enabling in vivo detection of AD pathology in patients with

aMCI. Interestingly, the application of these biomarkers in clinical set-

tings has revealed a subset of aMCI patients without amyloid pathol-

ogy, indicating they do not have AD.6 A study found that about 50%

of aMCI subjects had negative amyloid-PET scans.7 Several studies

have shown that the addition of amyloid-positron emission tomogra-

phy (PET) imaging often leads to a change in diagnosis in patients who

were initially clinically diagnosedwithAD.8,9 This subgroup, character-

ized by an amnestic syndrome, suggestive of hippocampal dysfunction,

as seen with AD, but with negative AD biomarkers (lumbar puncture

and/or amyloid-PET10,11) is termed non-AD amnestic syndrome, and

can only be identified through negative AD biomarker results.

Previous studies found that amyloid-negative patientswith aMCIdo

not show a cognitive decline over a period of 3 years,12 or even more

than a decade.6 However, a large multicentric study found that 24% of

amyloid-negative aMCI cases progressed to dementiawithin 3 years.13

While a negative amyloid status, indicating the absence of AD, is

generally seen as good news,14 it does not guarantee that patients

with aMCI will not deteriorate, as some may develop neuropsychiatric

conditions or progress to neurodegenerative disorders with dementia.

Within this subgroup of non-AD aMCI, diagnostic imaging

using fluorodeoxyglucose (FDG)-PET may reveal medial temporal

hypometabolism.15−17 The subsequent clinical trajectory and ultimate

diagnosis of this subgroup remain ill-defined. These diagnostic ambi-

guities often leave patients and families with unresolved questions

when faced with a situation where an amnestic deficit is confirmed in

the absence of AD.

In this study, we look at the non-AD (amyloid-negative) aMCI group

(cases) with isolated medial temporal hypometabolism on FDG-PET

and compare them to a control cohort with biomarker-proven AD in a

prodromal or mild dementia stage (controls), matched for sex, age, and

baselineMini-Mental State Examination (MMSE).

The primary research questions are: Are there any between-group

differences in the rate of cognitive decline, and secondly, what are the

eventual diagnostic outcomes of the non-AD aMCI group? We also

evaluated between-group differences in baseline cognitive profile and

between-group differences in FDG-PET.

Overall, this investigation aims to enhance our understanding of

non-AD, that is, amyloid-negative, aMCI by exploring its clinical evolu-

tion and providing a comparison with amyloid-positive/AD aMCI.

2 METHODS

2.1 Study design, data collection, and patient
cohort

This retrospective study utilized electronic clinical records from UZ

Leuven, Belgium, covering patients seen at the academic neurology

memory clinic between February 2007 andMay 2022.

The study included a consecutive series of non-AD aMCI cases,

defined as patients with pure aMCI, confirmed by neuropsychological

assessment and clinically compatiblewith prodromal AD, butwith neg-

ative AD biomarkers (cerebrospinal fluid or amyloid-PET). Additional

inclusion criteria were medial temporal hypometabolism on FDG-PET,

follow-up of at least 6 months and at least three MMSE evaluations.

None of the 16 non-AD aMCI cases had a history of epilepsy or were

on antiepileptic drugs.

A database search identified 16 eligible patients. Their negative

amyloid statuswas confirmed throughnormal cerebrospinal fluid (CSF)

biomarkers (10 cases), normal brain amyloid PET scan (4 cases) or both

(2 cases). The clinical-diagnostic procedure for determining biomarker

negativity is detailed in the supplementary data, along with a table

with the CSF biomarker concentrations for each case (Table S1). Data

were extracted from outpatient visit reports, including age, sex, MMSE

scores at baseline, and neuropsychological assessments. The follow-up

period had amedian duration of 4.5 years, ranging from0.5 to 11 years.

Controls with amyloid biomarker-proven AD in a prodromal or mild

dementia stage were selected from a prospective cohort study. From

this cohort of 190 patients, 28 AD controls were matched for sex,

baseline age andMMSE-scores with the non-AD aMCI cases. Amyloid-

status was determined through CSF (19 cases), PET (7 cases), or both

(2 cases). Of the 28 controls, 20 received an FDG-PET scan, with one

excluded due to incomplete brain coverage. The follow-up period for

controls had amedian of 4.5 years, ranging from 2 to 14 years.
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2.2 Data acquisition

2.2.1 Neuropsychological evaluation

Neuropsychological tests included Rey Auditory Verbal Learning Test

(AVLT) total learning (TL) and free delayed recall (DR), Trail Making

Test Ratio B/A (TMT B/A), Letter Verbal Fluency (LVF), Animal Verbal

Fluency (AVF), and Boston Naming Test (BNT).

2.2.2 FDG-PET

For detailed FDG-PET acquisition procedures, we refer to the Supple-

mentary Appendix.

2.2.3 Rate of cognitive decline

To evaluate the rate of cognitive decline, the longitudinal trajecto-

ries of MMSE scores, obtained on occasion of the clinical baseline

and follow-up visits, were compared between the two groups, with

median follow-up times of 4.5 years (see the statistical data analysis

section).

2.2.4 Eventual diagnostic outcome

We reviewed the final diagnostic outcomes, and – where available –

post mortem data. We were particularly interested in which and how

many cases received a diagnosis of a non-AD neurodegenerative dis-

order during follow-up. This was based on the diagnosis mentioned

in the report of the last available outpatient visit at the memory

clinic.

2.3 Statistical data analysis

2.3.1 Neuropsychological evaluation

Statistical analysis was performed using R (version 4.2.2). The sta-

tistical analysis process involved a systematic exploration to discern

differences and associations between the cohort of 16 non-AD aMCI

cases and the control group comprising 28 AD individuals for the

first analysis. Shapiro–Wilk tests were used to examine the normal-

ity of continuous data. Continuous variables were compared using

Welch’s t-tests, if normally distributed, and using a non-parametric

Mann–Whitney U test, if not. To obtain a comprehensive overview of

potential variations in multiple neuropsychological assessment out-

comes, a multivariate analysis of variance (MANOVA) was conducted.

This approach facilitated a comparison of diverse dependent variables

between the two groups.

RESEARCH INCONTEXT

1. Systematic review: The literature was reviewed using

traditional sources like PubMed, focusing on studies

addressing non-Alzheimer’s disease (AD) amnestic

mild cognitive impairment (aMCI), fluorodeoxyglucose-

positron emission tomography (FDG-PET) imaging, and

associated cognitive outcomes. Relevant citations are

included to provide a comprehensive background.

2. Interpretation: Our findings suggest that non-AD aMCI

with medial temporal hypometabolism progresses more

slowly than AD-related aMCI. This subgroup also shows

a significant likelihood of evolving into frontotemporal

dementia.

3. Future directions: Future research should aim to iden-

tify specific biomarkers for early detection of non-AD

aMCI subtypes. Longitudinal studies with larger cohorts

and post mortem pathological confirmations are neces-

sary to validate these findings and explore underlying

mechanisms.

2.3.2 Baseline FDG-PET

We evaluated the regional differences in hypometabolism between

non-ADaMCI cases andADaMCI controls. Between-groupdifferences

in FDG-PET tracer uptake were assessed through voxelwise compar-

isons of scaled FDG-PET images using two-sample t-tests in SPM12.

Thresholded maps (voxel level Puncorrected < 0.001, family wise error

(FWE) corrected cluster level PFWE < 0.05) were superimposed on the

MNI152 template using the Nilearn package in Python (v3.9.13).

2.3.3 Rate of cognitive decline

As a primary outcome objective, we evaluated differences in the lon-

gitudinal trajectories of MMSE between the two groups. To evaluate

group differences in these MMSE trajectories, a Linear Mixed-effects

(LME) model included random effects for subject and time and a group

× time interaction termaspredictorwithMMSEscoreasoutcome. Sep-

arate models for each group were also constructed, including random

effects for subject and timewithMMSEscore asoutcome. In these LME

analyses, time was centered around the time of the baseline visit, and

all LMEmodels were corrected for age, sex, and baselineMMSE score.

As a sensitivity analysis, all analyses were repeated within a

matched subset of 13 controls and cases chosen to ensure one-to-

onematching of baselineMMSE scores. For the remaining three cases,

there was no control counterpart with the exact same MMSE-score,

and they were therefore excluded from the sensitivity analysis.
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TABLE 1 Cohort demographics.

Parameter

Cases

(n= 16)

AD controls

(n= 28) p-value

Sex, male/female, n (%male) 12/4 (75%) 20/8 (71%) 1.00

Age (IQR) 67.5 (10) 63.5 (10.5) 0.17

MMSE/30 (IQR) 28 (2.5) 27 (2.25) 0.12

Follow-up time in years (IQR) 4.45 (3.42) 4.52 (3.44) 0.87

AVLT TL (IQR) 35 (13.5) 38 (12) 0.61

AVLTDR (IQR) 0.52 (0.23) 0.56 (0.30) 0.46

TMTRatio B/A (IQR) 2.17 (0.67) 2.10 (0.92) 0.84

LVF T (IQR) 29 (7.75) 35 (19.5) 0.72

AVF (IQR) 16 (4) 17.5 (8.5) 0.86

BNT (IQR) 54 (4.25) 54 (6) 0.95

ApoE genotype (n)

Unknown 6 0

E4/E4 0 6

E4/E3 1 13

E4/E2 1 0

E3/E3 7 9

E2/E3 1 0

ApoE contingency table (n)

E4 carriers 2 19 0.02

Non-E4 carriers 8 9

E2 carriers 2 0 0.06

Non-E2 carriers 8 28

Abbreviations: AD, Alzheimer’s disease; ApoE, apolipoprotein E; AVF, Ani-

mal Verbal Fluency; AVLT, Rey Auditory Verbal Learning Test; BNT, Boston

Naming Test; IQR, interquartile range; LVF, Letter Verbal Fluency; MMSE,

Mini-Mental State Examination; TMT Ratio A/B, Trail Making Test Ratio

B/A.

2.3.4 Final diagnostic outcome

As the second outcome objective, we reported the final diagnostic

outcome in the non-AD aMCI group in a descriptive manner.

3 RESULTS

3.1 Neuropsychological evaluation

Baseline characteristics for cases (i.e., amyloid-negative, non-AD,

aMCI) and controls (i.e., amyloid-positive, AD in prodromal or mild

dementia stage) are shown in Table 1. No significant difference in age,

sex nor baseline MMSE (Figure 1) was found between the groups,

as they were matched for these variables in this case-control design.

AD controls did have a numerically lower baseline MMSE score than

non-AD aMCI cases.

Baseline neuropsychological assessments did not significantly differ

between non-AD cases and AD controls (Figure 2).

F IGURE 1 BaselineMini-Mental State Examination (MMSE) of
cases and controls.

Moreover, aMANOVAdid not reveal a statistically significant global

difference (P > 0.99) between cases and controls regarding the six

cognitive tasks we used as dependent variables.

3.2 Differences in FDG-PET hypometabolism

Figure 3 shows the areas in which tracer uptake differed between

non-AD cases and AD controls. Non-AD cases had lower 18F-FDG

tracer uptake in bilateral medial temporal lobes, particularly within

the hippocampus and parahippocampal gyrus (Figure S1). However,

after FWEcorrection formultiple comparisons at the cluster level, only

the medial temporal cluster within the right hemisphere (P = 0.04,

Puncorrected = 0.01) remained significant (left hemisphere: P = 0.07,

Puncorrected =0.02). AD controls, on the other hand, demonstrated lower
18F FDG tracer uptake in the inferior parietal lobule, particularly on the

right side.

3.3 Differences in rate of cognitive decline

Decreases in MMSE scores over time, independent of sex, age, and

MMSE score at baseline, were observed for both AD (β = −2.00, 95%
CI −2.54 to −1.46, P < 0.001) and non-AD (β = −0.51, 95% CI −0.75
to −0.27, P = 0.002) aMCI patients. The rate of MMSE decline was sig-

nificantly higher in AD aMCI patients (β(Group*time) = −1.58, 95% CI

−2.29 to −0.76, P < 0.001) than in the non-AD group, as depicted in

Figure 4. This means that the MMSE declined 2.00 points per year in

the AD group, whereas it declined 0.5 points per year in the non-AD

group.

To further ensure that the observed difference in MMSE progres-

sion rates was not biased by the numerically, albeit not significantly,
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F IGURE 2 Boxplots of cognitive tests in both groups.

lower baseline MMSE score in AD controls compared to non-AD

cases, we also conducted a sensitivity analysis in 13 non-AD aMCI

cases and 13 AD controls who were matched for baseline MMSE

score. Demographics of this subset are shown in the Table S2. No sig-

nificant differences were found for age and sex, proving they were

matched correctly. Baseline neuropsychological assessments did not

significantly differ between both groups. So again, we did not find any

significant differences between cases and controls in any of the tested

cognitive measures, proving the identical baseline phenotype between

both groups. This sensitivity analysis similarly showed a significantly

faster MMSE-decline in the AD control group (β(Group*time) = −1.53,
95% CI −2.35 to −0.71, P = 0.001) compared to the non-AD aMCI

patients (Figure S2).

3.4 The final diagnostic outcomes in non-AD
aMCI patients

Wereviewed the final diagnostic outcomes of the 16 cases in a descrip-

tive manner. We were particularly interested in how many cases

evolved into a clinical picture corresponding to a non-AD neurode-

generative cognitive disorder. Of the 16 cases, eight cases remained

unspecified (i.e., non-AD amnestic deficit). No baseline variable differ-

ences were seen between the subgroup with a subsequent diagnosis

and those that remained unexplained (Table 2).

Five of the 16 cases were diagnosed with bvFTD during follow-

up, including two clinically probable and three definite cases (average

follow-up: 6.8 years, range 4.1–10.9 years).

In one probable case, behavioral symptoms appeared 1 year after

the memory complaints, fulfilling the criteria of possible bvFTD.

Because of further progressive behavioral complaints (disinhibition,

apathy, binge eating) over the following years, a new FDG-PET was

performed, which confirmed progressive hypometabolism in the right

temporal and left frontal cortex, after which the diagnosis of probable

bvFTDwasmade.

The other probable case developed behavioral symptoms 3

years after the amnestic deficit. An FDG-PET confirmed bitemporal

hypometabolism, leading to a probable bvFTD diagnosis.

Of the three definite cases, one had a MAPT mutation (p.406 W)

diagnosed after behavioral complaints emerged 8 years after the

amnestic complaints. This patient had a familial history of dementia

with a modified Goldmann score18 of 1. The second had a C9orf72

mutation with behavioral symptoms 7 years after the initial amnes-

tic syndrome. A new FDG-PET showed striking hypometabolism in the

right frontal cortex. There was no familial history (the father died at

a young age), and there were no upper or lower motor symptoms at

the last consultation. The third developed behavioral symptoms more

than 10 years after the amnestic deficit, with an FDG-PET not indica-

tive of a specific neurodegenerative disorder. This patient died 3 years

later. An autopsy revealed FTLD-TDP43 type C pathology. In all bvFTD
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F IGURE 3 FDG-PET analysis, adjusted for covariates age and sex, showing areas withmore pronounced hypometabolism compared between
both groups. (A) Non-AD cases showmore hypometabolism in themedial temporal lobe. (B) AD controls showmore hypometabolism in the
parietal lobe. AD, Alzheimer’s disease; FDG-PET, fluorodeoxyglucose-positron emission tomography.

F IGURE 4 MMSE-decline over time in both groups, corrected for
baselineMMSE. The rate ofMMSE decline was significantly higher in
AD aMCI patients (β=−2.00, P< 0.001) than in the non-Alzheimer
disease (non-AD) group (β=−0.51, P< 0.01). AD, Alzheimer’s disease;
aMCI, amnestic mild cognitive impairment; MMSE,Mini-Mental State
Examination.

patients, behavioral symptoms arose several years after the initial

presentation.

In one case, extrapyramidal symptoms arose one and a half years

after the initial presentation at thememory clinic. This case fulfilled the

criteria for (probable) dementia with Lewy bodies (DLB), according to

theMcKeith 2017 international consensus criteria.19

One case was classified as vascular dementia, with Fazekas 3 on the

initialMRI scan. None of the other cases had a Fazekas higher than 2 at

initial presentation (five cases had Fazekas 0, four cases Fazekas 1, two

casesFazekas2, four cases did not undergoanMRIdue to incompatible

devices).

One case turned out to have sleep-/stress-related memory com-

plaints, which were resolved after the patient started an SSRI. On the

last consultation, this patient had anMMSE score of 30/30, afterwhich

follow-up was discontinued. However, it is important to note that the

follow-up period for this case was only 7months.

4 DISCUSSION

This study enhances our understanding of non-AD aMCI with medial

temporal hypometabolism by comparing its clinical evolution to
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TABLE 2 demographics and baseline characteristics of cases with andwithout final diagnosis.

Parameter

Cases with diagnosis

(n= 8)

Cases without diagnosis

(n= 8) p-value

Sex, male/female, n (%male) 7/1 (87.5%) 5/3 (62.5%) 0.56

Age (IQR) 68 (10.75) 67.5 (7.75) 0.83

MMSE/30 (IQR) 28 (2.75) 28 (1.0) 0.79

Follow-up time in years (IQR) 4.67 (1.88) 3.35 (3.51) 0.38

AVLT TL (IQR) 33 (15.75) 35 (8) 0.71

AVLTDR (IQR) 0.5 (0.17) 0.55 (0.27) 0.92

TMTRBA (IQR) 2.35 (0.92) 2.09 (0.34) 0.44

LVF T (IQR) 29 (6.25) 28 (7.75) 0.56

AVF (IQR) 16.5 (11.25) 15.5 (1.5) 0.63

BNT (IQR) 55.5 (6.75) 53.5 (1.5) 0.53

Abbreviations: AD, Alzheimer’s disease; ApoE, apolipoprotein E; AVF, Animal Verbal Fluency; AVLT, Rey Auditory Verbal Learning Test; BNT, Boston Naming

Test; IQR, interquartile range; LVF, Letter Verbal Fluency;MMSE,Mini-Mental State Examination; TMTRatio A/B, Trail Making Test Ratio B/A.

amyloid positive aMCI patients with the same clinical phenotype. It

is among the first to compare cognitive decline rates and FDG-PET

patterns between these groups.

We found a slower MMSE decline in the non-AD aMCI group com-

pared toADaMCI. Notably, 5 of 16 non-AD cases evolved into a bvFTD

phenotype over several years. One case developed DLB, with as initial

manifestation non-AD aMCI.

The neuropsychological assessment included the Auditory Verbal

Learning Test (AVLT) to detect episodic memory impairment, the ear-

liest and most prominent feature of AD or aMCI.20 AVLT is a sensitive

measure for early AD diagnosis and a valid predictor of conversion

from MCI to AD.21 The assessment also included tests for atten-

tion, visuomotor processing, executive function, semanticmemory, and

language. Previous studies showed Aβ positive aMCI patients score

worse on episodic memory,7,22–24 while Aβ negative aMCI patients

performworseonnon-episodicmemorydomains.22 We foundnobase-

line differences, indicating proper matching and an indistinguishable

cognitive phenotype at baseline. The difference with prior studies can

be explained by the medial temporal hypometabolism as an inclusion

criterion in our cohort.

In AD, FDG-PET hypometabolism of the bilateral parietotemporal

association cortex, has demonstrated a sensitivity of 94% and a speci-

ficity of 73%with post-mortem histopathological validation.25,26 FDG-

PET also has been recognized as one of the most accurate biomarkers

in MCI, predicting clinical stability or conversion to AD dementia.15

Limited but important evidence shows that aMCI patients with focal

hypometabolism in the medial temporal lobe structures, alongside a

negative amyloid load, show a more benign clinical course.5,15,16,27,28

In AD, the subtype where hypometabolism is limited to the medial

temporal cortex has been labeled limbic-predominant AD. As we

demonstrate, biomarkers are key to the differentiation between AD

and non-ADwhen isolated medial temporal hypometabolism is seen in

aMCI.

In this retrospectively analyzed cohort, it was clearly shown that the

amyloid-negative aMCI group with medial temporal hypometabolism

has a significantly slower cognitive decline compared to amyloid

positive AD-controls. This is a consistent finding with previous

studies.5,6,15,16

4.1 Pure amnestic presentation of bvFTD

The cognitive profile of bvFTD typically involves executive deficitswith

relative sparing of episodic memory.29 However, some bvFTD patients

may present with memory complaints and lower scores in episodic

memory tests.30 The emphasis on preserved episodic memory in the

current bvFTD criteria,29 as it was believed to enable effective dif-

ferentiation from AD, may need to be revised, given the substantial

proportion of amnesic-bvFTD patients.31

Current international consensus criteria for bvFTD by Rascovsky

et al.29 state that behavioral symptoms must appear “early”, that is,

within the first 3 years. This arbitrary cutoff seems suboptimal, as

our study shows FTD can present with a pure amnestic deficit, with

behavioral symptoms emerging up to 10 years later.

One definite bvFTD patient had a MAPT p.R406Wmutation, often

linked to an AD-like phenotype.32 A recent paper33 showed a dual-

ity and heterogeneity in the clinical presentation of p.R406W patients

on an FTD-AD spectrum. The second definite bvFTD patient had a

C9orf72 mutation. Atypical amnestic presentations of the C9orf72-

FTD/ALS spectrum can mimic other neurodegenerative diseases like

AD.34,35 The third definite bvFTD patient developed behavioral symp-

toms after more than 10 years. An autopsy revealed FTLD-TDP43

type C pathology, defined by a predominance of elongated dystrophic

neurites (DNs) in upper cortical layers with few neuronal cytoplasmic

inclusions (NCIs).36 This subtype is associated with severe anterior

temporal atrophy and semantic dementia, though bvFTD can also

occur.36–38 We found no literature on FTLD-TDP type C present-

ing with an amnestic deficit. The uncertainty of clinical diagnosis

underscores the need for reliable, sensitive, and more specific in vivo

biomarkers for TDP-43 proteinopathies.39
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4.2 Underlying etiology and neuropathology

Several underlying non-AD (Aβ negative) etiologies have been pro-

posed as possible neuropathological causes of aMCI with a more

slowly progressive course.15 The heterogeneous biomarker-based

concept called suspected non-AD pathology (SNAP)40,41 is charac-

terized by neurodegeneration without amyloid deposition. Possible

pathological substrates include limbic-predominant age-related TDP-

43 encephalopathy (LATE), primary age-related tauopathy (PART),

hippocampal sclerosis (HS), and argyrophilic grain disease (AGD). Cur-

rently, it is not possible to reliably diagnose LATE, PART, or AGD in

vivo.

LATE is an underrecognized disease entity, described in elderly peo-

ple with episodic memory impairments, and frequently co-occurs with

neuropathologically definedAD.27 Its hallmark is deposits of abnormal,

phosphorylated, and mislocalized TDP-43 in limbic brain structures,

with or without coexisting HS pathology.42–44 PART is a tauopathy

defined by AD-type neurofibrillary tangles (NFTs) mostly restricted to

medial temporal lobe structures, without (or with few) Aβ plaques.45

AGD is a late-onset, highly frequent sporadic tauopathy, characterized

by argyrophilic grains and neuronal pre-tangles, spreading through-

out the limbic system.46,47 AGD usually affects elderly subjects and

manifests as very slowly progressive aMCI, often with behavioral

abnormalities.47 HS has been suggested as a main cause of memory

loss in patients with aMCI and slow progression. HS refers to severe

neuronal loss and astrogliosis of CA1 and/or subiculum. Most elderly

people with HS have TDP-43 pathology.48

Vascular cognitive impairment (VCI) predominantly involves deficits

in executive functioning, due to subcortical vascular pathology inter-

rupting frontostriatal circuits, with less memory impairment than

AD.49 However, cognitive changes in VCI are more variable, and

subjects with VCI can present with broader cognitive impairment,

including memory deficits.50 Mild cognitive impairment with Lewy

bodies typically starts with a dysexecutive syndrome rather than an

amnestic deficit. As our study indicates, a pure amnestic deficit can be

the initial presentation of vascular cognitive impairment or Lewy body

disease, although FTLDwas the leading cause in our series.

4.3 Strengths and clinical implications

Our study has several strengths. It is one of the first studies to compare

the rate of cognitive decline between non-AD aMCI with medial tem-

poral hypometabolism and AD patients, and to compare the FDG-PET

patterns between these two groups.

As there is a need to give a more precise prognosis in the aMCI

population, the slower rate of cognitive decline in this subgroup of

aMCI patients is clinically relevant. The specific neuronal dysfunction

involving medial temporal lobes, as shown by 18F-FDG-PET, can be

considered a clinically useful biomarker for aMCI due to neurodegen-

erative disease beyond AD. It is important that AD biomarker negative

aMCI patients also receive follow-up, in particular if medial temporal

hypometabolism is present on FDG-PET, as a considerable proportion

evolves into a bvFTD or DLB phenotype.

4.4 Limitations

Our study has several limitations. This was a retrospective study

with a relatively small sample size. In cases without a genetic or

neuropathological definite diagnosis, the study design assumes that

the clinical-neurological course illuminates the syndrome’s cause at

presentation. However, without neuropathological confirmation, one

cannot exclude that the original syndrome had a separate cause from

symptoms arising over the subsequent years, due to co-pathology.

Lastly, the exclusion of AD in non-AD aMCI relies on the sensitivity

of the biomarker method used in the clinic, determined by the stan-

dardized procedures and specific thresholds balancing sensitivity and

specificity. If we adapt the total tau and 181phosphotauCSF cut-offs for

maximal sensitivity, two of the cases had total tau and 181phosphotau

value above threshold, all with Aβ42 or Aβ42/Aβ40 well within the

normal range. However, maximizing sensitivity comes at the cost of

specificity.

5 CONCLUSION

In conclusion, amyloid-negative or non-AD aMCI patients with medial

temporal hypometabolismshowasignificantly slower cognitivedecline

compared to their amyloid-positive counterparts. Approximately one-

third of these cases were caused by frontotemporal lobar degenera-

tion, while half of the cases remained unexplained during their lifetime.

The findings underscore the complexity of aMCI aetiology with medial

temporal hypometabolism and the importance of comprehensive diag-

nostic biomarkers. Future studies with neuropathological verification

are needed to confirm our findings and further characterize this

subgroup of aMCI.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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