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β-Amyloid and Tau Drive Early Alzheimer’s Disease Decline While Glucose 
Hypometabolism Drives Late Decline 

Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI) database (adni.loni.usc.edu). As such, the investigators within the ADNI contributed 
to the design and implementation of ADNI and/or provided data but did not participate in analysis or 
writing of this report. A complete listing of ADNI investigators can be found at the end of the 
supplementary information.
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Supplementary Figure 1. Correlation Heatmap of biomarker features. Heatmap depicting 14 
how the biomarker features were correlated one with another. The color legend is representative 15 
of pearson correlation r values. 16 
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CU vs. LMCI: 28 
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LMCI vs. AD: 33 
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CU vs. AD: 45 
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Supplementary Figure 2. SHAP Analysis depicting biomarker feature ranking importance. 49 
Comparison of feature ranking analysis from implementation of the SHapley Additive exPlanations 50 
(SHAP) technique. The bar plots shows feature impacts on the cognitively unimpaired (CU) vs late mild 51 
cognitive impairment (LMCI) analysis, the LMCI vs Alzheimer’s disease (AD) analysis, and the CU vs 52 
AD analysis. 53 
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Supplementary Table 1. Accuracy results of all features and Top 8 features in Random Forest 56 
model from A) three- and B) ten-fold cross validation. 57 
 58 

A) K-fold=3 59 
 60 

All Features 
 CU vs. LMCI LMCI vs. AD CU vs. AD 

Accuracy (%) 72.26 72.42 90.90 
F1-score (%) 72.15 72.37 90.88 

Top 8 Features 
 CU vs. LMCI LMCI vs. AD CU vs. AD 

Accuracy (%) 72.34 71.60 91.40 
F1-score (%) 72.21 71.59 91.38 

 61 
B) K-fold=10 62 

 63 
All Features 

All Features CU vs. LMCI LMCI vs. AD CU vs. AD 
Acc.  72.15 71.45 90.62 

F1-score 71.92 71.03 90.60 
Top 8 Features 

Top 8 Features CU vs. LMCI LMCI vs. AD CU vs. AD 
Acc.  71.19 70.49 91.86 

F1-score 70.98 70.15 91.81 
 64 
  65 
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 67 
 68 
 69 
Supplementary Figure 3. Comparison of precision recall (PR) curves between all 16 biomarker 70 
features (top) and the tope 8 biomarker features (bottom) from the three diagnosis participant group 71 
comparisons: cognitively unimpaired (CU) vs late mild cognitive impairment (LMCI), LCMI vs 72 
Alzheimer’s disease (AD), and CU vs AD. The Average of Precision (AP) is calculated to see the average 73 
precision of each model under different possible thresholds. 74 
 75 
  76 



Supplementary Table 2. Accuracy results of all features in Gradient Tree Boosting model from A) 77 
three-, B) five-, and C) ten-fold cross validation. 78 
 79 

A) K-fold =3 80 
81 

All Features 
CU vs. LMCI LMCI vs. AD CU vs. AD 

Accuracy (%) 70.16 70.41 91.47
F1-score (%) 69.97 70.34 91.44

82 
83 

B) K-fold=584 
85 

All Features 
CU vs. LMCI LMCI vs. AD CU vs. AD 

Accuracy (%) 72.30 71.26 91.87
F1-score (%) 72.24 71.01 91.80

86 
C) K-fold=1087 

88 
All Features 

CU vs. LMCI LMCI vs. AD CU vs. AD 
Accuracy (%) 70.51 70.73 92.63
F1-score (%) 70.29 70.36 92.61

89 
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ACKNOWLEDGEMENT LIST FOR ADNI PUBLICATIONS

The Data and Publications Committee, in keeping with the publication policies adopted by the ADNI Steering 
Committee, here provide lists for standardized acknowledgement. The list consists of three parts: I. ADNI 
Infrastructure Investigators and Site Investigators, II. DOD ADNI Infrastructure Investigators and Site 
Investigators and III. ADNI Depression Infrastructure Investigators and Site Investigators. Infrastructure 
Investigators represent the names responsible for leadership and infrastructure. Site Investigators represent the 
names of individuals at each recruiting site. All papers, including methodological papers, should have an 
acknowledgement list that consists of Infrastructure Investigators plus the FULL list.
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Resource Allocation Review Committee
Tom Montine, MD, PhD  University of Washington (Chair)

Clinical Core Leaders
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Lean Thal, MD UC San Diego
Zaven Khachaturian, PhD  Prevent Alzheimer’s Disease 2020
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Leon Thal, MD UC San Diego
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Part B: Investigators By Site
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DOD ADNI

Part A: Leadership and Infrastructure

Principal Investigator
Michael W. Weiner, MD University of California, San Francisco

ATRI PI and Director of Coordinating Center Clinical Core
Paul Aisen, MD University of Southern California

Executive Committee
Michael Weiner, MD   UC San Francisco
Paul Aisen, MD  University of Southern California
Ronald Petersen, MD, PhD  Mayo Clinic, Rochester
Robert C. Green, MD, MPH Brigham and Women’s Hospital/

Harvard Medical School
Danielle Harvey, PhD  UC Davis
Clifford R. Jack, Jr., MD  Mayo Clinic, Rochester
William Jagust, MD   UC Berkeley
John C. Morris, MD   Washington University St. Louis
Andrew J. Saykin, PsyD  Indiana University
Leslie  M. Shaw, PhD Perelman School of Medicine, UPenn  
Arthur W. Toga, PhD   USC
John Q. Trojanowki, MD, PhD Perelman School of Medicine, University of Pennsylvania 

Psychological Evaluation/PTSD Core
Thomas Neylan, MD   UC San Francisco

Traumatic Brain Injury/TBI Core
Jordan Grafman, PhD Rehabilitation Institute of Chicago, Feinberg School of Medicine, 

Northwestern University
Data and Publication Committee (DPC)
Robert C. Green, MD, MPH  BWH/HMS (Chair)

Resource Allocation Review Committee
Tom Montine, MD, PhD  University of Washington (Chair)

Clinical Core Leaders
Michael Weiner MD   Core PI
Ronald Petersen, MD, PhD Mayo Clinic, Rochester (Core PI)
Paul Aisen, MD  University of Southern California

Clinical Informatics and Operations 
Gustavo Jimenez, MBS USC 
Michael Donohue, PhD USC 
Devon Gessert , BS  USC 
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Kelly Harless, BA USC 
Jennifer Salazar, MBS USC
Yuliana Cabrera, BS  USC 
Sarah Walter, MSc  USC

Lindsey Hergesheimen, BS USC

San Francisco Veterans Affairs Medical Center
Thomas Neylan, MD  UC San Francisco
Jacqueline Hayes  UC San Francisco
Shannon Finley  UC San Francisco

Biostatistics Core Leaders and Key Personnel
Danielle Harvey, PhD  UC Davis (Core PI)
Michael Donohue, PhD UC San Diego

MRI Core Leaders and Key Personnel
Clifford R. Jack, Jr., MD  Mayo Clinic, Rochester (Core PI)
Matthew Bernstein, PhD  Mayo Clinic, Rochester
Bret Borowski, RT  Mayo Clinic
Jeff Gunter, PhD Mayo Clinic
Matt Senjem, MS Mayo Clinic
Kejal Kantarci  Mayo Clinic
Chad Ward  Mayo Clinic

PET Core Leaders and Key Personnel
William Jagust, MD   UC Berkeley (Core PI)
Robert A. Koeppe, PhD  University of Michigan
Norm Foster, MD   University of Utah
Eric M. Reiman, MD   Banner Alzheimer’s Institute
Kewei Chen, PhD   Banner Alzheimer’s Institute
Susan Landau, PhD  UC Berkeley

Neuropathology Core Leaders
John C. Morris, MD   Washington University St. Louis
Nigel J. Cairns, PhD, FRCPath  Washington University St. Louis
Erin Householder, MS Washington University St. Louis

Biomarkers Core Leaders and Key Personnel
Leslie M. Shaw, PhD   Perelman School of Medicine, UPenn 
John Q. Trojanowki, MD, PhD  Perelman School of Medicine, UPenn 
Virginia Lee, PhD, MBA  Perelman School of Medicine, UPenn 
Magdalena Korecka, PhD   Perelman School of Medicine, UPenn 
Michal Figurski, PhD  Perelman School of Medicine, UPenn 

Informatics Core Leaders and Key Personnel
Arthur W. Toga, PhD USC (Core PI)
Karen Crawford  USC
Scott Neu, PhD  USC 
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Genetics Core Leaders and Key Personnel
Andrew J. Saykin, PsyD Indiana University
Tatiana M. Foroud, PhD Indiana University

Steven Potkin, MD UC  UC Irvine
Li Shen, PhD   Indiana University
Kelley Faber, MS, CCRC Indiana University
Sungeun Kim, PhD  Indiana University
Kwangsik Nho, PhD  Indiana University

Initial Concept Planning & Development
Michael W. Weiner, MD UC San Francisco
Karl Friedl  Department of Defense (retired)

Part B: Investigators By Site

University of Southern California: 
Lon S. Schneider, MD, MS 
Sonia Pawluczyk, MD 
Mauricio Becerra 

University of California, San Diego: 
James Brewer, MD, PhD 
Helen Vanderswag, RN 

Columbia University Medical Center: 
Yaakov Stern, PhD 
Lawrence S. Honig, MD, PhD 
Karen L. Bell, MD 

Rush University Medical Center: 
Debra Fleischman, Ph.D. 
Konstantinos Arfanakis, Ph.D. 
Raj C. Shah, M.D. 

Wien Center: 
Dr. Ranjan Duara MD PI 
Dr. Daniel Varon  MD Co-PI  
Maria T Greig HP Coordinator 

Duke University Medical Center: 
P. Murali Doraiswamy, MBBS 
Jeffrey R. Petrella, MD  
Olga James, MD

University of Rochester Medical Center: 
Anton P. Porsteinsson, MD (director) 
Bonnie Goldstein, MS, NP (coordinator) 
Kimberly S. Martin, RN 

University of California, Irvine: 
Steven G. Potkin, MD
Adrian Preda, MD
Dana Nguyen, PhD 
Medical University South Carolina:
Jacobo Mintzer, MD, MBA 
Dino Massoglia, MD, PhD 
Olga Brawman-Mintzer, MD 

Premiere Research Inst (Palm Beach 
Neurology): 
Carl Sadowsky, MD
Walter Martinez, MD
Teresa Villena, MD 

University of California, San Francisco:
William Jagust MD 
Susan Landau PhD 
Howard Rosen, MD
David Perry 

Georgetown University Medical Center: 
Raymond Scott Turner, MD, PhD
Kelly Behan
Brigid Reynolds, NP

Brigham and Women's Hospital: 
Reisa A. Sperling, MD 
Keith A. Johnson, MD 
Gad Marshall, MD

Banner Sun Health Research Institute:
Marwan N. Sabbagh, MD
Sandra A. Jacobson, MD
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Sherye A. Sirrel, MS, CCRC

Howard University: 
Thomas O. Obisesan, MD, MPH 
Saba Wolday, MSc
Joanne Allard, PhD

University of Wisconsin: 
Sterling C. Johnson, Ph.D. 
J. Jay Fruehling, M.A. 
Sandra Harding, M.S. 

University of Washington: 
Elaine R. Peskind, MD
Eric C. Petrie, MD, MS

Gail Li, MD, PhD

Stanford University: 
Jerome A. Yesavage, MD
Joy L. Taylor, PhD 
Ansgar J. Furst, PhD 
Steven Chao, M.D.

Cornell University:
Norman Relkin, MD, PhD
Gloria Chiang, MD
Lisa Ravdin, PhD
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ADNI Depression

Part A: Leadership and Infrastructure

Principal Investigator
Scott Mackin, PhD   University of California, San Francisco

ATRI PI and Director of Coordinating Center Clinical Core
Paul Aisen, MD  University of Southern California 
Rema Raman, PhD University of Southern California

Executive Committee
Scott Mackin, PhD  UC San Francisco 
Michael Weiner, MD   UC San Francisco
Paul Aisen, MD  University of Southern California 
Rema Raman, PhD  University of Southern California
Clifford R. Jack, Jr., MD Mayo Clinic, Rochester 
Susan Landau, PhD  UC Berkeley 
Andrew J. Saykin, PsyD  Indiana University
Arthur W. Toga, PhD   University of Southern California 
Charles DeCarli, MD  UC Davis 
Robert A. Koeppe, PhD  University of Michigan

Data and Publication Committee (DPC)
Robert C. Green, MD, MPH  BWH/HMS (Chair) 
Erin Drake, MA BWM/HMS (Director)

Clinical Core Leaders
Michael Weiner MD   Core PI
Paul Aisen, MD  University of Southern California 
Rema Raman, PhD  University of Southern California 
Mike Donohue, PhD  University of Southern California

Clinical Informatics, Operations and Regulatory Affairs 
Gustavo Jimenez, MBS USC 
Devon Gessert, BS  USC 
Kelly Harless, BA  USC 
Jennifer Salazar, MBS USC
Yuliana Cabrera, BS  USC 
Sarah Walter, MSc  USC
Lindsey Hergesheimer, BS USC 
Elizabeth Shaffer, BS

Psychiatry Site Leaders and Key Personnel 
Scott Mackin, PhD  UC San Francisco 
Craig Nelson, MD  UC San Francisco 
David Bickford, BA  UC San Francisco 
Meryl Butters, PhD  University of Pittsburgh 
Michelle Zmuda, MA  University of Pittsburgh 
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MRI Core Leaders and Key Personnel
Clifford R. Jack, Jr., MD  Mayo Clinic, Rochester (Core PI)
Matthew Bernstein, PhD  Mayo Clinic, Rochester
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