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ABSTRACT

In recent years, proposals have been advanced to redefine or reclassify Lewy body disorders by
merging the long-established entities of Parkinson’s disease (PD), Parkinson’s disease dementia (PDD) and
dementia with Lewy bodies (DLB). These proposals reject the International DLB Consortium classification
system that has evolved over three decades of consensus collaborations between neurologists,
neuropsychologists and neuropathologists. While the Consortium’s “one year rule” for separating PD and DLB
has been criticized as arbitrary, it has been a pragmatic and effective tool for splitting the continuum between
the two entities. In addition to the decades of literature supporting the non-homogeneity of PD and DLB, it has
become increasingly apparent that Lewy body disorders may fundamentally differ in their etiology. Most PD
subjects, as well as most clinically-presenting DLB subjects, might best be classified as having a “primary
synucleinopathy” while most clinically-unidentified DLB subjects, who also have concurrent neuropathology-
criteria AD (AD/DLB), as well as those with neuropathological AD and amygdala-predominant LBD insufficient
for a DLB diagnosis, may best be classified as having a “secondary synucleinopathy. Importantly, the DLB
Consortium recognized the importance of comorbid AD pathology by defining “Low”, “Intermediate” and “High”
subdivisions of DLB based on the relative brain stages of both Lewy body and AD pathology. If the one-year
rule for separating PD from DLB, and for then dividing DLB into subtypes based on the presence and severity
of comorbid AD pathology, is effective, then the divided groups should statistically differ in important ways. In
this study we used the comprehensive clinicopathological database of the Arizona Study of Aging and
Neurodegenerative Disorders (AZSAND) to empirically test this hypothesis. Furthermore, we used
multivariable statistical models to test the hypothesis that comorbid AD neuropathology is a major predictor of

the presence and severity of postmortem Lewy synucleinopathy. The results confirm the clinicopathological

heterogeneity of Lewy body disorders as well as the profound influence of comorbid AD pathology.
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INTRODUCTION

In recent years, proposals have been advanced to redefine or reclassify Lewy body disorders by
merging the long-established entities of Parkinson’s disease (PD), Parkinson’s disease dementia (PDD) and
dementia with Lewy bodies (DLB). Some (1-3) have based their argument on clinical and genetic findings that
“... challenge the central role of the classical pathologic criteria” and other groups (4,5) argue from the opposite
side, on the basis that these conditions are alpha-synucleinopathies and that other differences are secondary,
while another new system continues to recognize the heterogeneity of Lewy body diseases (6). All propose
new, biomarker-based clinical classifications.

We here advance a critique of the proposed unity of sporadic, late-onset PD and DLB and point out in
particular the probable shortcomings of these proposed recent re-classification approaches. The International
DLB Consortium classification system (7-11), evolved over almost three decades of consensus collaborations
between neurologists, neuropsychologists and neuropathologists, has generated a wealth of
clinicopathological studies (12-35) that have very convincingly established that PD and DLB differ in many
ways that would greatly complicate unitary clinical trials by introducing tremendous subject heterogeneity.
While the “one year rule” for separating PD and DLB has been criticized as arbitrary, it has been a pragmatic
and effective tool for splitting the continuum between the two entities. Neuropathologists have long recognized
at least two distinct underlying patterns of synuclein pathology spread and these have been confirmed by data-
driven, autopsy-based statistical clustering analyses (36-38).

In addition to the decades of literature supporting the non-homogeneity of PD and DLB, it has become
increasingly apparent that Lewy body disorders may fundamentally differ in their etiology. Most PD subijects,
as well as most clinically-presenting DLB subjects, might best be classified as having a “primary
synucleinopathy” while most clinically-unidentified DLB subjects, who also have concurrent neuropathology-
criteria AD (AD/DLB), as well as those with neuropathological AD and amygdala-predominant LBD insufficient
for a DLB diagnosis, may best be classified as having a “secondary synucleinopathy” (39-45). This is
analogous to the accepted classification of tauopathies into primary and secondary categories (46-49). Both
tau and synuclein pathology clearly occur as responses to several different inherited cerebral amyloidoses,
including genetic early-onset forms depositing not only A (point mutations in PSEN and APP, trisomy 21) but

also prion (Gerstmann-Straussler-Scheinker disease) and gelsolin variant proteins (50-63). Also, synuclein
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pathology accompanies 60-70% of sporadic AD, even in those subjects with very early onset (64) and, in the
Arizona Study of Aging and Neurodegenerative Disorders (AZSAND), roughly 35% and 50% of
clinicopathologically-diagnosed PD and Parkinson’s disease dementia (PDD) cases have neuropathology-
criteria AD, respectively. This evidence suggests that the majority of human synuclein pathology may be
secondary to AB cerebral amyloidosis.

The DLB Consortium recognized the importance of comorbid AD pathology by defining “Low”,
“Intermediate” and “High” subdivisions of DLB based on the relative brain stages of both Lewy body and AD
pathology. If the one-year rule for separating PD from DLB, and for then dividing DLB into subtypes based on
the presence and severity of comorbid AD pathology, is effective, then the divided groups should statistically
differ in important ways. In this study we used the comprehensive AZSAND clinicopathological database to
empirically test this hypothesis. Furthermore, we used multivariable statistical models to test the hypothesis
that comorbid AD neuropathology is a major predictor of the presence and severity of postmortem Lewy

synucleinopathy.

METHODS

Subject selection

Subjects were selected by database searches of the AZSAND/Brain and Body Donation Program
(www.brainandbodydonationprogram.org) (65). Search criteria specified that subjects died and had a
complete neuropathological examination with clinicopathological diagnoses of PD, DLB, or AD, or were non-
demented, non-parkinsonian controls with or without Lewy pathology. Selected DLB subjects had dementia
and met intermediate or high likelihood neuropathological criteria for DLB (9,11). Selected AD subjects had
dementia and met intermediate or high National Institute on Aging-Reagan Institute (NIA-RI) and/or NIA-
Alzheimer’s Association AD neuropathological criteria (66,67). AD subjects not also diagnosed with PD and
not meeting intermediate or high DLB likelihood were classified as Alzheimer’s disease with Lewy bodies
(ADLB)(15,65). Selected PD subjects met AZSAND PD criteria, including clinical parkinsonism with substantia
nigra neuron loss and Lewy pathology. Intermediate and high NIA-RI/NIA-AA AD criteria (66,67) stipulate
Braak neurdfibrillary stages Ill or IV versus V and VI, respectively, with moderate or frequent neuritic plaques.

DLB intermediate and high criteria are based on comparison of Lewy body pathology stage with AD pathology
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stage; when AD NIA level is high, only the neocortical Lewy body stage qualifies for DLB, while when it is

intermediate, either a limbic or neocortical Lewy body stage qualifies for DLB.

Subject characterization

Most subjects had serial standardized research-dedicated clinical evaluations, done by teams of
nurses, medical assistants, behavioral neurologists, movement disorders neurologists, neuropsychologists and
psychometrists using standardized assessment batteries [64], including the Mini Mental State Examination
(MMSE), National Alzheimer’s Coordinating Center (NACC) Uniform Data Set (UDS) and the Unified
Parkinson’s Disease Rating Scale (UPDRS). Subjects had olfactory testing with the University of Pennsylvania

Smell Identification Test (67)(UPSIT) every third year on average.

All subjects received identical neuropathological examinations by a single observer (TGB), including
summary regional brain density measures for total amyloid plagues and neurofibrillary tangles (summary score
of 5 regional semi-quantitative 0-3 density scores for a maximum possible total of 15 in frontal, temporal and
parietal lobes plus hippocampal CA1 and entorhinal/transentorhinal area), Lewy body pathology summary
regional brain density scores (summary score of semi-quantitative 0-4 density scores in 10 brain regions for a
maximum possible total of 40), and staging using the Unified Staging System for Lewy Body Disorders [15], as
well as assignment of CERAD neuritic plaque density, Braak neurofibrillary stage, and AD neuropathological

change levels of Low, Intermediate or High, as described previously [65].

Statistical analysis

Demographic and post-mortem characteristics were analyzed using one-way analysis of variance
(ANOVA), Chi-square tests, Fisher's Exact tests and paired significance testing as appropriate. The objectives
were twofold, first to determine whether the subgroups were significantly different in terms of age of disease

onset, disease duration, fraction that were male, percentage meeting AD neuropathological criteria (NIA-

R/NIA-AA intermediate or high), fraction with the apolipoprotein E-E4 allele, fraction with severe substantia

nigra pigmented neuron loss, fraction with clinical parkinsonism, and severity scores for UPSIT, UPDRS motor

score, MMSE score and summary brain synuclein pathology load, and second, to determine, using logistic
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regression models adjusted for age, gender and possession of an apolipoprotein E-€4 allele, the independent

influence of AD neuropathology on the presence and severity of brain synuclein pathology.

Results

Clinical, demographic and neuropathological characteristics of the compared groups are shown in
Table 1 and Figure 1. Analysis of variance or chi-square tests found significant group differences on all
comparisons. Despite multiple specific paired differences between subgroups (see Supplementary Data File 1
for raw data and complete statistical results), on most comparisons the diagnostic groups fell into two distinct
sets that were collectively different, as shown with red and blue coloration of the bar graphs, respectively. The
red subgroups appear to be most reflective of synuclein pathology while the blue subgroups are more
influenced by AD pathology. The PD and PDAD groups are distinctly different from all other groups in age of
onset (youngest, Figure 1a), disease duration (longest, Figure 1b), percentage with parkinsonism (most, Figure
19), percentage with severe SN neuronal loss (most, Figure 1h), UPDRS motor score (highest, Figure 1i) and
MMSE score (highest, Figure 1f). For other characteristics, one or more of the DLB groups are distinctly
similar to the PD groups, including for percentage male (most, Figure 1c), UPSIT score (lowest, Figure 1l),
brain synuclein pathology load (most, 1j) and percentage with peripheral nervous system (PNS) synuclein
pathology (most, 1k).

Logistic regression analysis of AZSAND data (Supplementary File 2) shows that the presence of
threshold brain distributions of amyloid plaques are the strongest predictor, with a 1.49 Odds Ratio (OR) and p-

value < 0.0001, for the presence of any brain synuclein pathology (Table 2), exceeding the association

strengths of age, male sex and the apolipoprotein E-E4 allele. For subjects clinicopathologically diagnosed

with PD (Table 3), threshold levels of both plagues and tangles are again the strongest predictors, with 2.7 and
2.4 ORs, respectively, for the presence of the neocortical stage of Lewy synuclein pathology, the most severe

form of Lewy body disease, again exceeding the previously-known association strengths of age, male sex and

the apolipoprotein E-€4 allele. The plaque and tangle load thresholds for both regressions were chosen to

approximate the thresholds at which PET-tau and PET-amyloid become positive.
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Table 1. Diagnostic group sizes and mean ages. PD = PD (non-demented) + PDD (with dementia); DLB-H =
DLB Consortium High Likelihood of DLB; DLB-I = DLB Consortium Intermediate Likelihood of DLB; ADLB = AD
with DLB Consortium Low Likelihood Lewy body pathology; ADNLB = AD with no Lewy body pathology. Means
and standard deviations are shown. See also Supplementary Files 1 and 2.

PD?! PDAD DLB-H DLB-I ADLB ADNLB ANOVA p-value
(nN=179) | N=90) | (n=65) | (n=91) [ (n=306) | (n=421)
Age (yrs) 79.55 81.56 81.78 82.97 82.62 84.02 < 0.0001
(7.14) (6.13) (6.66) (9.16) (9.57) (9.57)

1. PD significantly different from DLB-I (Tukey p > 0.001); PD significantly different from ADLB and ADNLB (Tukey p > 0.0001)



https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Figure 1. Comparison of clinicopathological subgroups defined by PD, DLB and AD criteria of the International
Dementia with Lewy Bodies Consortium and the National Institute on Aging-Reagan/Alzheimer’s Association.
See Supplementary File 1 for complete data and statistical subgroup comparisons. The subgroups colored red
appear to be most influenced by synuclein pathology while those colored blue are most influenced by AD
pathology. PNS = peripheral nervous system.
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Table 2. Univariable and multivariable logistic regression models assessing predictors for the presence of any

brain Lewy synuclein pathology (see Supplementary File 2 for data).

Univariable Multivariable
Variable Effect OR (95% CI) P value OR (95% CI) P value
Age One year change 0.99 (0.98,1) 0.016 0.99 (0.98,1) 0.031
Sex Male vs Female | 1.39 (1.15,1.69) <0.001 1.41 (1.16,1.72) <0.001
ApoE4 any Yes vs No 1.6 (1.31,1.95) <0.001 1.31 (1.06,1.63) 0.014
Tangle score >5 Yes vs No 1.28 (1.05,1.56) 0.016 1.11 (0.89,1.4) 0.349
Plague score > 5 Yes vs No 1.64 (1.34,2) <0.001 1.49 (1.18,1.9) <0.001

Table 3. Univariable and multivariable logistic regression model assessing predictors for the presence, in
subjects clinicopathologically diagnosed with Parkinson’s disease, of the Neocortical Stage of brain Lewy
synuclein pathology (see Supplementary File 2 for data).

Univariable Multivariable
Variable Effect OR (95% CI) P value OR (95% CI) P value
Age One year change | 1.02 (0.98,1.06) 0.347 1(0.96,1.05) 0.924
Sex Male vs Female | 1.08 (0.61,1.88) 0.798 1.34 (0.72,2.49) 0.351
ApoE4 any Yes vs No 2.68 (1.43,5.19) 0.003 1.96 (0.96,4.01) 0.066
Tangle score >5 Yes vs No 2.76 (1.59,4.89) < 0.001 2.42 (1.32,4.43) 0.004
Plague score >5 Yes vs No 3.73 (2.16,6.55) <0.001 2.77 (1.5,5.11) 0.001

DISCUSSION

The apparent dichotomy of results for the diagnostic subgroups, albeit with variable dyadic constituents,
supports to some extent the division of Lewy body diseases into primary and secondary synucleinopathies,
with primary synucleinopathies composed of PD and PDAD, while DLB-H, DLB-I, and ADLB might be
considered secondary synucleinopathies due to their greater similarities, in several categories, to AD without

Lewy pathology (ADNLB), including older age of onset, shorter disease duration, greater fraction with an

apolipoprotein E-£4 allele, lower final MMSE and UPRS motor scores, and smaller fractions with parkinsonism

and severe SN neuronal loss. However, for some other categories the DLB-H and/or DLB-I subgroups are
more similar to PD and PDAD, including for greater fraction of males affected, lower UPSIT olfactory scores,
and greater CNS and PNS synuclein pathology scores, suggesting that these subgroups may be more or less
equally influenced by synuclein and AD pathology. It is possible that synuclein and AD molecular pathologies
may have separate and independent origins with a subsequent acceleration of the prion-like spread of
synucleinopathy in subjects with comorbid AD. These very distinct “biological” subgroup differences indicate

that PD and most cases of DLB will need completely different approaches to clinical diagnosis, prevention and
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therapy and therefore will also need continued efforts to more fully explore differences, as well as similarities,
in their etiology and pathogenesis.

Our conclusion thus runs counter to what has been envisioned for PD and DLB classifications in recent
publications (1-5), where statements have included, “Disease staging is a classification system that produces
clusters of patients who require similar treatments and have similar expected outcomes. Staging can serve as
the basis for clustering clinically homogeneous patients”. In fact, we believe that staging as proposed, by
lumping PD and DLB together, rather than decreasing heterogeneity of the grouped subjects, would increase
it. This is in opposition to the general direction across medical fields towards “personalized” or “precision”
medicine and would hinder potential trial-enhancing stratification of patients in clinical trials.

Note that the clinicopathological heterogeneity here demonstrated would likely be further increased
when considering additional neuropathological comorbidities including microscopic changes of progressive
supranuclear palsy, amyloid angiopathy, TPD-43 proteinopathy, cerebrovascular ischemic lesions, ARTAG,
argyrophilic grains and others.

We therefore support new synuclein biomarker-based clinical classifications of Lewy body disorders but
propose that any new classificatory systems should be set within the established clinicopathological context
principally developed by the International DLB Consortium. Aided by biomarker identification of both AD and
synuclein molecular pathology, cross-referencing the newly-proposed classificatory categories with the
extensively documented DLB and NIA-AA AD criteria will allow drawing on the decades-long published
clinicopathological literature for both Lewy body disorders and Alzheimer’s disease. Concurrent biomarker
assays for pathology associated with LBDs and AD will now make such cross-referencing possible and should
enable enhanced preclinical detection of LBD as well as improved prediction of rates of cognitive and motor
decline. With the new wave of greatly increased biomarker diagnostic accuracy, recognition of the often
clinically unsuspected presence of AD within subjects clinically diagnosed with PD and DLB, as well as the
clinically unsuspected presence of Lewy body disease in subjects clinically diagnosed with AD, will allow for
eventual clinical trials directed at molecular therapy for two or even all three molecular targets simultaneously

(e.g. AB, tau and synuclein), an eventuality that seems increasingly necessary.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

ACKNOWLEDGEMENTS

The Brain and Body Donation Program has been supported by the National Institute of Neurological Disorders
and Stroke (U24 NS072026 National Brain and Tissue Resource for Parkinson’s Disease and Related
Disorders), the National Institute on Aging (P30 AG019610 and P30AG072980, Arizona Alzheimer’s Disease
Core Center), the Arizona Department of Health Services (contract 211002, Arizona Alzheimer’s Research
Center), the Arizona Biomedical Research Commission (contracts 4001, 0011, 05-901 and 1001 to the Arizona

Parkinson's Disease Consortium) and the Michael J. Fox Foundation for Parkinson’s Research.

REFERENCES

[1] Berg D, Postuma RB, Bloem B, Chan P, Dubois B, Gasser T, Goetz CG, Halliday GM, Hardy J, Lang AE,
Litvan I, Marek K, Obeso J, Oertel W, Olanow CW, Poewe W, Stern M, Deuschl G. Time to
redefine PD? Introductory statement of the MDS Task Force on the definition of Parkinson's
disease. Mov Disord. 2014 Apr;29(4):454-62. doi: 10.1002/mds.25844. Epub 2014 Mar 11.
PMID: 24619848; PMCID: PMC4204150.

[2] Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, Obeso J, Marek K, Litvan I, Lang AE,
Halliday G, Goetz CG, Gasser T, Dubois B, Chan P, Bloem BR, Adler CH, Deuschl G. MDS
clinical diagnostic criteria for Parkinson's disease. Mov Disord. 2015 Oct;30(12):1591-601. doi:
10.1002/mds.26424. PMID: 26474316.

[3] Chahine LM, Merchant K, Siderowf A, Sherer T, Tanner C, Marek K, Simuni T. Proposal for a Biologic
Staging System of Parkinson's Disease. J Parkinsons Dis. 2023;13(3):297-309. doi:
10.3233/JPD-225111. PMID: 37066922; PMCID: PMC10200239.

[4] Simuni T, Chahine LM, Poston K, Brumm M, Buracchio T, Campbell M, Chowdhury S, Coffey C, Concha-
Marambio L, Dam T, DiBiaso P, Foroud T, Frasier M, Gochanour C, Jennings D, Kieburtz K,
Kopil CM, Merchant K, Mollenhauer B, Montine T, Nudelman K, Pagano G, Seibyl J, Sherer T,
Singleton A, Stephenson D, Stern M, Soto C, Tanner CM, Tolosa E, Weintraub D, Xiao Y,
Siderowf A, Dunn B, Marek K. A biological definition of neuronal a-synuclein disease: towards an
integrated staging system for research. Lancet Neurol. 2024 Feb;23(2):178-190.
doi:10.1016/S1474-4422(23)00405-2. PMID: 38267190.

[5] Borghammer P, Okkels N, Weintraub D. Parkinson's Disease and Dementia with Lewy Bodies: One and the
Same. J Parkinsons Dis. 2024;14(3):383-397. do0i:10.3233/JPD-240002. PMID: 38640172;
PMCID: PMC11091584.

[6] Hoglinger GU, Adler CH, Berg D, Klein C, Outeiro TF, Poewe W, Postuma R, Stoess| AJ, Lang AE. A
biological classification of Parkinson's disease: the SynNeurGe research diagnostic criteria.
Lancet Neurol. 2024 Feb;23(2):191-204. doi: 10.1016/S1474-4422(23)00404-0. Erratum in:
Lancet Neurol. 2024 Mar;23(3):e7. doi: 10.1016/S1474-4422(24)00048-6. PMID: 38267191.

[7] McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Hansen LA, Salmon DP, Lowe J, Mirra SS,
Byrne EJ, Lennox G, Quinn NP, Edwardson JA, Ince PG, Bergeron C, Burns A, Miller BL,
Lovestone S, Collerton D, Jansen EN, Ballard C, de Vos RA, Wilcock GK, Jellinger KA, Perry
RH. Consensus guidelines for the clinical and pathologic diagnosis of dementia with Lewy
bodies (DLB): report of the consortium on DLB international workshop. Neurology. 1996
Nov;47(5):1113-24. doi: 10.1212/wnl.47.5.1113. PMID: 8909416.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

[8] McKeith IG, Perry EK, Perry RH. Report of the second dementia with Lewy body international workshop:
diagnosis and treatment. Consortium on Dementia with Lewy Bodies. Neurology. 1999 Sep
22;53(5):902-5. doi: 10.1212/wnl.53.5.902. PMID: 10496243.

[9] McKeith IG, Dickson DW, Lowe J, Emre M, O'Brien JT, Feldman H, Cummings J, Duda JE, Lippa C, Perry
EK, Aarsland D, Arai H, Ballard CG, Boeve B, Burn DJ, Costa D, Del Ser T, Dubois B, Galasko
D, Gauthier S, Goetz CG, Gomez-Tortosa E, Halliday G, Hansen LA, Hardy J, Iwatsubo T,
Kalaria RN, Kaufer D, Kenny RA, Korczyn A, Kosaka K, Lee VM, Lees A, Litvan |, Londos E,
Lopez OL, Minoshima S, Mizuno Y, Molina JA, Mukaetova-Ladinska EB, Pasquier F, Perry RH,
Schulz JB, Trojanowski JQ, Yamada M; Consortium on DLB. Diagnosis and management of
dementia with Lewy bodies: third report of the DLB Consortium. Neurology. 2005 Dec
27;65(12):1863-72. doi: 10.1212/01.wnl.0000187889.17253.b1. Epub 2005 Oct 19. Erratum in:
Neurology. 2005 Dec 27;65(12):1992. PMID: 16237129.

[10] McKeith IG. Consensus guidelines for the clinical and pathologic diagnosis of dementia with Lewy bodies
(DLB): report of the Consortium on DLB International Workshop. J Alzheimers Dis. 2006;9(3
Suppl):417-23. doi: 10.3233/jad-2006-9s347. PMID: 16914880.

[11] McKeith IG, Boeve BF, Dickson DW, Halliday G, Taylor JP, Weintraub D, Aarsland D, Galvin J, Attems J,
Ballard CG, Bayston A, Beach TG, Blanc F, Bohnen N, Bonanni L, Bras J, Brundin P, Burn D,
Chen-Plotkin A, Duda JE, El-Agnaf O, Feldman H, Ferman TJ, Ffytche D, Fujishiro H, Galasko
D, Goldman JG, Gomperts SN, Graff-Radford NR, Honig LS, Iranzo A, Kantarci K, Kaufer D,
Kukull W, Lee VMY, Leverenz JB, Lewis S, Lippa C, Lunde A, Masellis M, Masliah E, McLean
P, Mollenhauer B, Montine TJ, Moreno E, Mori E, Murray M, O'Brien JT, Orimo S, Postuma RB,
Ramaswamy S, Ross OA, Salmon DP, Singleton A, Taylor A, Thomas A, Tiraboschi P, Toledo
JB, Trojanowski JQ, Tsuang D, Walker Z, Yamada M, Kosaka K. Diagnosis and management of
dementia with Lewy bodies: Fourth consensus report of the DLB Consortium. Neurology. 2017
Jul 4;89(1):88-100. doi:10.1212/WNL.0000000000004058. Epub 2017 Jun 7. PMID: 28592453;
PMCID:PMC5496518.

[12] Marui W, Iseki E, Nakai T, Miura S, Kato M, Uéda K, Kosaka K. Progression and staging of Lewy
pathology in brains from patients with dementia with Lewy bodies. J Neurol Sci. 2002 Mar
30;195(2):153-9. d0i:10.1016/s0022-510x(02)00006-0. PMID: 11897247.

[13] Popescu A, Lippa CF, Lee VM, Trojanowski JQ. Lewy bodies in the amygdala: increase of alpha-synuclein
aggregates in neurodegenerative diseases with tau-based inclusions. Arch Neurol. 2004
Dec;61(12):1915-9. doi:10.1001/archneur.61.12.1915. PMID: 15596612.

[14] Uchikado H, Lin WL, DeLucia MW, Dickson DW. Alzheimer disease with amygdala Lewy bodies: a distinct
form of alpha-synucleinopathy. J Neuropathol Exp Neurol.2006 Jul;65(7):685-97. doi:
10.1097/01.jnen.0000225908.90052.07. PMID: 16825955; PMCID: PMC5706655.

[15] Beach TG, Adler CH, Lue L, Sue LI, Bachalakuri J, Henry-Watson J, Sasse J, Boyer S, Shirohi S, Brooks
R, Eschbacher J, White CL 3rd, Akiyama H, Caviness J, Shill HA, Connor DJ, Sabbagh MN,
Walker DG; Arizona Parkinson's Disease Consortium. Unified staging system for Lewy body
disorders: correlation with nigrostriatal degeneration, cognitive impairment and motor
dysfunction. Acta Neuropathol. 2009 Jun;117(6):613-34. doi: 10.1007/s00401-009-0538-8. Epub
2009 Apr 28. PMID: 19399512; PMCID: PMC2757320.

[16] Beach TG, Adler CH, Sue LI, Vedders L, Lue L, White lii CL, Akiyama H, Caviness JN, Shill HA, Sabbagh
MN, Walker DG; Arizona Parkinson's Disease Consortium. Multi-organ distribution of
phosphorylated alpha-synuclein histopathology in subjects with Lewy body disorders. Acta
Neuropathol. 2010 Jun;119(6):689-702. doi: 10.1007/s00401-010-0664-3. Epub 2010 Mar 21.
PMID:20306269; PMCID: PMC2866090.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

[17] Gelpi E, Navarro-Otano J, Tolosa E, Gaig C, Compta Y, Rey MJ, Marti MJ, Hernandez I, Valldeoriola F,
Refé R, Ribalta T. Multiple organ involvement by alpha-synuclein pathology in Lewy body
disorders. Mov Disord. 2014 Jul;29(8):1010-8. doi: 10.1002/mds.25776. Epub 2014 Jan 2.
PMID: 24395122,

[18] Beach TG, Adler CH, Serrano G, Sue LI, Walker DG, Dugger BN, Shill HA, Driver-Dunckley E, Caviness
JN, Intorcia A, Filon J, Scott S, Garcia A, Hoffman B, Belden CM, Davis KJ, Sabbagh MN;
Arizona Parkinson's Disease Consortium. Prevalence of Submandibular Gland Synucleinopathy
in Parkinson's Disease, Dementia with Lewy Bodies and other Lewy Body Disorders. J
Parkinsons Dis. 2016;6(1):153-63. doi: 10.3233/JPD-150680. PMID: 26756744; PMCID:
PMC5498170.

[19] Walker L, Stefanis L, Attems J. Clinical and neuropathological differences between Parkinson's disease,
Parkinson's disease dementia and dementia with Lewy bodies - current issues and future
directions. J Neurochem. 2019 Sep;150(5):467-474. doi: 10.1111/jnc.14698. Epub 2019 Apr 23.
PMID: 30892688.

[20] Malek-Ahmadi M, Beach TG, Zamrini E, Adler CH, Sabbagh MN, Shill HA, Jacobson SA, Belden CM,
Caselli RJ, Woodruff BK, Rapscak SZ, Ahern GL, Shi J, Caviness JN, Driver-Dunckley E, Mehta
SH, Shprecher DR, Spann BM, Tariot P, Davis KJ, Long KE, Nicholson LR, Intorcia A, Glass
MJ, Walker JE, Callan M, Curry J, Cutler B, Oliver J, Arce R, Walker DG, Lue LF, Serrano GE,
Sue LI, Chen K, Reiman EM. Faster cognitive decline in dementia due to Alzheimer disease
with clinically undiagnosed Lewy body disease. PLoS One. 2019 Jun 25;14(6):e0217566.
doi: 10.1371/journal.pone.0217566. PMID: 31237877; PMCID: PMC6592515.

[21] Beach TG, Adler CH, Zhang N, Serrano GE, Sue LI, Driver-Dunckley E, Mehta SH, Zamrini EE, Sabbagh
MN, Shill HA, Belden CM, Shprecher DR, Caselli RJ, Reiman EM, Davis KJ, Long KE,
Nicholson LR, Intorcia AJ, Glass MJ, Walker JE, Callan MM, Oliver JC, Arce R, Gerkin RC.
Severe hyposmia distinguishes neuropathologically confirmed dementia with Lewy bodies from
Alzheimer's disease dementia. PLoS One. 2020 Apr 22;15(4):e0231720.
doi:10.1371/journal.pone.0231720. PMID: 32320406; PMCID: PMC7176090.

[22] Coughlin DG, Hurtig HI, Irwin DJ. Pathological Influences on Clinical Heterogeneity in Lewy Body
Diseases. Mov Disord. 2020 Jan;35(1):5-19. doi:10.1002/mds.27867. Epub 2019 Oct 29. PMID:
31660655; PMCID: PMC7233798.

[23] Milan-Tomas A, Fernandez-Matarrubia M, Rodriguez-Oroz MC. Lewy Body Dementias: A Coin with Two
Sides? Behav Sci (Basel). 2021 Jun 22;11(7):94. doi:10.3390/bs11070094. PMID: 34206456;
PMCID: PMC8301188.

[24] Martini A, Weis L, Schifano R, Pistonesi F, Fiorenzato E, Antonini A, BiundoR. Differences in cognitive
profiles between Lewy body and Parkinson's disease dementia. J Neural Transm (Vienna). 2020
Mar;127(3):323-330. doi:10.1007/s00702-019-02129-2. Epub 2020 Jan 2. PMID: 31898759.

[25] Walker L, Stefanis L, Attems J. Clinical and neuropathological differences between Parkinson's disease,
Parkinson's disease dementia and dementia with Lewy bodies - current issues and future
directions. J Neurochem. 2019 Sep;150(5):467-474. doi: 10.1111/jnc.14698. Epub 2019 Apr 23.
PMID: 30892688.

[26] McCann H, Stevens CH, Cartwright H, Halliday GM. a-Synucleinopathy phenotypes. Parkinsonism Relat
Disord. 2014 Jan;20 Suppl 1:S62-7. doi:10.1016/S1353-8020(13)70017-8. PMID: 24262191.

[27] Jenner P, Morris HR, Robbins TW, Goedert M, Hardy J, Ben-Shlomo Y, Bolam P, Burn D, Hindle JV,
Brooks D. Parkinson's disease--the debate on the clinical phenomenology, aetiology, pathology
and pathogenesis. J Parkinsons Dis. 2013;3(1):1-11. doi: 10.3233/JPD-130175. PMID:
23938306; PMCID: PMC4078250.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

[28] Halliday GM, Holton JL, Revesz T, Dickson DW. Neuropathology underlying clinical variability in patients
with synucleinopathies. Acta Neuropathol. 2011 Aug;122(2):187-204. doi: 10.1007/s00401-011-
0852-9. Epub 2011 Jul 1. PMID:21720849.

[29] Petrova M, Mehrabian-Spasova S, Aarsland D, Raycheva M, Traykov L. Clinical and Neuropsychological
Differences between Mild Parkinson's Disease Dementia and Dementia with Lewy Bodies.
Dement Geriatr Cogn Dis Extra. 2015 May 29;5(2):212-20. doi: 10.1159/000375363. PMID:
26195977; PMCID: PMC4483490.

[30] Revuelta GJ, Lippa CF. Dementia with Lewy bodies and Parkinson's disease dementia may best be
viewed as two distinct entities. Int Psychogeriatr. 2009 Apr;21(2):213-6. doi:
10.1017/S1041610208008600. Epub 2009 Jan 28. PMID:19173761.

[31] McKeith I. Commentary: DLB and PDD: the same or different? Is there a debate? Int Psychogeriatr. 2009
Apr;21(2):220-4. doi: 10.1017/S1041610208008624. Epub 2009 Jan 28. PMID: 19173763.

[32] Lippa CF, Duda JE, Grossman M, Hurtig HI, Aarsland D, Boeve BF, Brooks DJ, Dickson DW, Dubois B,
Emre M, Fahn S, Farmer JM, Galasko D, Galvin JE, Goetz CG, Growdon JH, Gwinn-Hardy KA,
Hardy J, Heutink P, lwatsubo T, Kosaka K, Lee VM, Leverenz JB, Masliah E, McKeith IG,
Nussbaum RL, Olanow CW, Ravina BM, Singleton AB, Tanner CM, Trojanowski JQ, Wszolek
ZK; DLB/PDD Working Group. DLB and PDD boundary issues: diagnosis, treatment, molecular
pathology, and biomarkers. Neurology. 2007 Mar 13;68(11):812-9. doi:
10.1212/01.wnl.0000256715.13907.d3. PMID: 17353469.

[33] Kaivola K, Shah Z, Chia R; International LBD Genomics Consortium; Scholz SW. Genetic evaluation of
dementia with Lewy bodies implicates distinct disease subgroups. Brain. 2022 Jun
3;145(5):1757-1762. doi: 10.1093/brain/awab402. Erratum in: Brain. 2023 Aug 1;146(8):e62-
e63. doi: 10.1093/brain/awad103. PMID:35381062; PMCID: PMC9423712.

[34] Boeve BF, Dickson DW, Duda JE, Ferman TJ, Galasko DR, Galvin JE, Goldman JG, Growdon JH, Hurtig
HI, Kaufer DI, Kantarci K, Leverenz JB, Lippa CF, Lopez OL, McKeith IG, Singleton AB, Taylor
A, Tsuang D, Weintraub D, Zabetian CP. Arguing against the proposed definition changes of PD.
Mov Disord. 2016 Nov;31(11):1619-1622. doi: 10.1002/mds.26721. Epub 2016 Aug 5. PMID:
27492190;PMCID: PMC5168716.

[35] Choudhury P, Zhang N, Adler CH, Chen K, Belden C, Driver-Dunckley E, Mehta SH, Shprecher DR,
Serrano GE, Shill HA, Beach TG, Atri A. Longitudinal motor decline in dementia with Lewy
bodies, Parkinson disease dementia, and Alzheimer's dementia in a community autopsy cohort.
Alzheimers Dement. 2023 Oct;19(10):4377-4387. doi: 10.1002/alz.13357. Epub 2023 Jul 8.
PMID: 37422286; PMCID: PMC10592344.

[36] Toledo JB, Gopal P, Raible K, Irwin DJ, Brettschneider J, Sedor S, Waits K, Boluda S, Grossman M, Van
Deerlin VM, Lee EB, Arnold SE, Duda JE, Hurtig H, Lee VM, Adler CH, Beach TG, Trojanowski
JQ. Pathological a-synuclein distribution in subjects with coincident Alzheimer's and Lewy body
pathology. Acta Neuropathol. 2016 Mar;131(3):393-409. doi: 10.1007/s00401-015-1526-9. Epub
2015 Dec 31. PMID:26721587; PMCID: PMC4754135.

[37] Raunio A, Kaivola K, Tuimala J, Kero M, Oinas M, Polvikoski T, Paetau A, Tienari PJ, Myllykangas L.
Lewy-related pathology exhibits two anatomically and genetically distinct progression patterns: a
population-based study of Finns aged 85. Acta Neuropathol. 2019 Nov;138(5):771-782.
doi:10.1007/s00401-019-02071-3. Epub 2019 Sep 7. PMID: 31494694; PMCID: PMC6800868.

[38] Mastenbroek SE, Vogel JW, Collij LE, Serrano GE, Tremblay C, Young AL, Arce RA, Shill HA, Driver-
Dunckley ED, Mehta SH, Belden CM, Atri A, Choudhury P, Barkhof F, Adler CH, Ossenkoppele
R, Beach TG, Hansson O. Disease progression modelling reveals heterogeneity in trajectories


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

of Lewy-type a-synuclein pathology. Nat Commun. 2024 Jun 15;15(1):5133. doi:
10.1038/s41467-024-49402-x. PMID: 38879548; PMCID: PMC11180185.

[39] Kim WS, Kagedal K, Halliday GM. Alpha-synuclein biology in Lewy body diseases. Alzheimers Res Ther.
2014 Oct 27;6(5):73. d0i:10.1186/s13195-014-0073-2. PMID: 25580161; PMCID: PMC4288216.

[40] Bassil F, Brown HJ, Pattabhiraman S, lwasyk JE, Maghames CM, Meymand ES, Cox TO, Riddle DM,
Zhang B, Trojanowski JQ, Lee VM. Amyloid-Beta (AB) Plaques Promote Seeding and Spreading
of Alpha-Synuclein and Tau in a Mouse Model of Lewy Body Disorders with AR Pathology.
Neuron. 2020 Jan 22;105(2):260-275.e6. doi: 10.1016/j.neuron.2019.10.010. Epub 2019 Nov 20.
Erratum in: Neuron. 2023 Nov 15;111(22):3699. PMID: 31759806; PMCID: PMC6981053.

[41] Geut H, Hepp DH, Foncke E, Berendse HW, Rozemuller JM, Huitinga I, van de Berg WDJ.
Neuropathological correlates of parkinsonian disorders in a large Dutch autopsy series. Acta
Neuropathol Commun. 2020 Mar 26;8(1):39. doi:10.1186/s40478-020-00914-9. PMID:
32216828; PMCID: PMC7098103.

[42] Marui W, Iseki E, Nakai T, Miura S, Kato M, Uéda K, Kosaka K. Progression and staging of Lewy
pathology in brains from patients with dementia with Lewy bodies. J Neurol Sci. 2002 Mar
30;195(2):153-9. doi:10.1016/s0022-510x(02)00006-0. PMID: 11897247

[43] Popescu A, Lippa CF, Lee VM, Trojanowski JQ. Lewy bodies in the amygdala: increase of alpha-synuclein
aggregates in neurodegenerative diseases with tau-based inclusions. Arch Neurol. 2004
Dec;61(12):1915-9. doi:10.1001/archneur.61.12.1915. PMID: 15596612.

[44] Uchikado H, Lin WL, DeLucia MW, Dickson DW. Alzheimer disease with amygdala Lewy bodies: a distinct
form of alpha-synucleinopathy. J Neuropathol Exp Neurol.2006 Jul;65(7):685-97. doi:
10.1097/01.jnen.0000225908.90052.07. PMID: 16825955; PMCID: PMC5706655.

[45] Moda F, Ciullini A, Dellarole IL, Lombardo A, Campanella N, Bufano G, Cazzaniga FA, Giaccone G.
Secondary Protein Aggregates in Neurodegenerative Diseases: Almost the Rule Rather than the
Exception. Front Biosci (Landmark Ed). 2023 Oct 20;28(10):255. doi: 10.31083/].thl12810255.
PMID: 37919089.

[46] Langerscheidt F, Wied T, Al Kabbani MA, van Eimeren T, Wunderlich G, Zempel H. Genetic forms of
tauopathies: inherited causes and implications of Alzheimer's disease-like TAU pathology in
primary and secondary tauopathies. J Neurol. 2024 Jun;271(6):2992-3018. doi: 10.1007/s00415-
024-12314-3. Epub 2024 Mar 30. PMID: 38554150; PMCID: PMC11136742.

[47] Gotz J, Halliday G, Nisbet RM. Molecular Pathogenesis of the Tauopathies. Annu Rev Pathol. 2019 Jan
24;14:239-261. doi: 10.1146/annurev-pathmechdis-012418-012936. Epub 2018 Oct 24. PMID:
30355155.

[48] Nelson PT, Abner EL, Patel E, Anderson S, Wilcock DM, Kryscio RJ, Van Eldik LJ, Jicha GA, Gal Z,
Nelson RS, Nelson BG, Gal J, Azam MT, Fardo DW, Cykowski MD. The Amygdala as a Locus of
Pathologic Misfolding in Neurodegenerative Diseases. J Neuropathol Exp Neurol. 2018 Jan
1;77(1):2-20. doi:10.1093/jnen/nIx099. PMID: 29186501; PMCID: PMC5901077.

[49] Chung DC, Roemer S, Petrucelli L, Dickson DW. Cellular and pathological heterogeneity of primary
tauopathies. Mol Neurodegener. 2021 Aug 23;16(1):57. doi: 10.1186/s13024-021-00476-X.
PMID: 34425874; PMCID: PMC8381569.

[50] Sepulveda-Falla D, Lanau CAV, White C 3rd, Serrano GE, Acosta-Uribe J, Mejia-Cupajita B, Villalba-
Moreno ND, Lu P, Glatzel M, Kofler JK, Ghetti B, Frosch MP, Restrepo FL, Kosik KS, Beach TG.
Comorbidities in Early-Onset Sporadic versus Presenilin-1 Mutation-Associated Alzheimer's


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Disease Dementia: Evidence for Dependency on Alzheimer's Disease Neuropathological
Changes. medRxiv [Preprint]. 2023 Aug 16:2023.08.14.23294081.
doi:10.1101/2023.08.14.23294081. PMID:37646002; PMCID: PMC10462216.

[51] Ringman JM, Monsell S, Ng DW, Zhou Y, Nguyen A, Coppola G, Van B, V, Mendez MF, Tung S,
Weintraub S, Mesulam MM, Bigio EH, Gitelman DR, Fisher-Hubbard AO, Albin RL, Vinters HV
(2016) Neuropathology of Autosomal Dominant Alzheimer Disease in the National Alzheimer
Coordinating Center Database. J Neuropathol Exp Neurol 75, 284-290.

[52] Besser LM, Kukull WA, Teylan MA, Bigio EH, Cairns NJ, Kofler JK, Montine TJ, Schneider JA, Nelson PT
(2018) The Revised National Alzheimer's Coordinating Center's Neuropathology Form-Available
Data and New Analyses. J Neuropathol Exp Neurol 77, 717-726.

[53] Halliday G, Brooks W, Arthur H, Creasey H, Broe GA (1997) Further evidence for an association between
a mutation in the APP gene and Lewy body formation. Neurosci Lett 227, 49-52.

[54] Ishikawa A, Piao YS, Miyashita A, Kuwano R, Onodera O, Ohtake H, Suzuki M, Nishizawa M, Takahashi
H (2005) A mutant PSEN1 causes dementia with Lewy bodies and variant Alzheimer's disease.
Ann Neurol 57, 429-434.

[55] Rosenberg CK, Pericak-Vance MA, Saunders AM, Gilbert JR, Gaskell PC, Hulette CM (2000) Lewy body
and Alzheimer pathology in a family with the amyloid-beta precursor protein APP717 gene
mutation. Acta Neuropathol 100, 145-152.

[56] Lantos PL, Ovenstone IM, Johnson J, Clelland CA, Roques P, Rossor MN (1994) Lewy bodies in the brain
of two members of a family with the 717 (Val to Ile) mutation of the amyloid precursor protein
gene. Neurosci Lett 172, 77-79.

[57] Lippa CF, Fujiwara H, Mann DM, Giasson B, Baba M, Schmidt ML, Nee LE, O'Connell B, Pollen DA, St
George-Hyslop P, Ghetti B, Nochlin D, Bird TD, Cairns NJ, Lee VM, Iwatsubo T, Trojanowski JQ
(1998) Lewy bodies contain altered alpha-synuclein in brains of many familial Alzheimer's
disease patients with mutations in presenilin and amyloid precursor protein genes. Am J Pathol
153, 1365-1370.

[58] Leverenz JB, Fishel MA, Peskind ER, Montine TJ, Nochlin D, Steinbart E, Raskind MA, Schellenberg GD,
Bird TD, Tsuang D (2006) Lewy body pathology in familial Alzheimer disease: evidence for
disease- and mutation-specific pathologic phenotype. Arch Neurol 63, 370-376.

[59] Kaneko H, Kakita A, Kasuga K, Nozaki H, Ishikawa A, Miyashita A, Kuwano R, Ito G, Iwatsubo T,
Takahashi H, Nishizawa M, Onodera O, Sisodia SS, lkeuchi T (2007) Enhanced accumulation
of phosphorylated alpha-synuclein and elevated beta-amyloid 42/40 ratio caused by expression
of the presenilin-1 deltaT440 mutant associated with familial Lewy body disease and variant
Alzheimer's disease. J Neurosci 27, 13092-13097.

[60] Sutovsky S, Smolek T, Turcani P, Petrovic R, Brandoburova P, Jadhav S, Novak P, Attems J, Zilka N
(2018). Neuropathology and biochemistry of early onset familial Alzheimer's disease caused by
presenilin-1 missense mutation Thr116Asn. J Neural Transm (Vienna)125, 965-976.

[61] Lippa CF, Rosso AL, Stutzbach LD, Neumann M, Lee VM, Trojanowski JQ. Transactive response DNA-
binding protein 43 burden in familial Alzheimer disease and Down syndrome. Arch Neurol. 2009
Dec;66(12):1483-8.

[62] Haltia M, Ghiso J, Wisniewski T, Kiuru S, Miller D, Frangione B (1991) Gelsolin variant and beta-amyloid
co-occur in a case of Alzheimer's with Lewy bodies. Neurobiol Aging 12, 313-316.

[63] Bugiani O, Giaccone G, Piccardo P, Morbin M, Tagliavini F, Ghetti B (2000) Neuropathology of
Gerstmann-Straussler-Scheinker disease. Microsc Res Tech 50, 10-15.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.08.30.24312864; this version posted September 4, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

[64] Beach TG, Malek-Ahmadi M. Alzheimer's Disease Neuropathological Comorbidities are Common in the
Younger-Old. J Alzheimers Dis. 2021;79(1):389-400. doi:10.3233/JAD-201213. PMID:
33285640; PMCID: PMC8034496.

[65] Beach TG, Adler CH, Sue LI, Serrano G, Shill HA, Walker DG, Lue L, Roher AE, Dugger BN, Maarouf C,
Birdsill AC, Intorcia A, Saxon-Labelle M, Pullen J, Scroggins A, Filon J, Scott S, Hoffman B,
Garcia A, Caviness JN, Hentz JG, Driver-Dunckley E, Jacobson SA, Davis KJ, Belden CM,
Long KE, Malek-Ahmadi M, Powell JJ, Gale LD, Nicholson LR, Caselli RJ, Woodruff BK,
Rapscak SZ, Ahern GL, Shi J, Burke AD, Reiman EM, Sabbagh MN. Arizona Study of Aging
and Neurodegenerative Disorders and Brain and Body Donation Program. Neuropathology.
2015 Aug;35(4):354-89. doi: 10.1111/neup.12189. Epub 2015 Jan 26. PMID:25619230; PMCID:
PMC4593391.

[66] Consensus recommendations for the postmortem diagnosis of Alzheimer's disease. The National Institute
on Aging, and Reagan Institute Working Group on Diagnostic Criteria for the Neuropathological
Assessment of Alzheimer's Disease. Neurobiol Aging. 1997 Jul-Aug;18(4 Suppl):S1-2. PMID:
9330978.

[67] Montine TJ, Phelps CH, Beach TG, Bigio EH, Cairns NJ, Dickson DW, Duyckaerts C, Frosch MP, Masliah
E, Mirra SS, Nelson PT, Schneider JA, Thal DR, Trojanowski JQ, Vinters HV, Hyman BT;
National Institute on Aging; Alzheimer’s Association. National Institute on Aging-Alzheimer's
Association guidelines for the neuropathologic assessment of Alzheimer's disease: a practical
approach. Acta Neuropathol. 2012 Jan;123(1):1-11. doi: 10.1007/s00401-011-0910-3. Epub
2011 Nov 20. PMID: 22101365; PMCID: PMC3268003.

[68] Hasan S, Adler CH, Zhang N, Serrano GE, Sue LI, Shill HA, Mehta SH, Beach TG, Driver-Dunckley ED.
Olfactory Dysfunction in Incidental Lewy Body Disease and Parkinson's Disease: An Update.
Innov Clin Neurosci. 2022 Oct-Dec;19(10-12):19-23. PMID: 36591548; PMCID: PMC9776774.


https://doi.org/10.1101/2024.08.30.24312864
http://creativecommons.org/licenses/by-nc-nd/4.0/

