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Abstract

The Alzheimer’s Disease Neuroimaging Initiative (ADNI), designed as a naturalistic longitudinal 

study to develop and validate MR, PET, CSF, or genetic biomarkers for use in AD clinical trials, 

has made many impacts in the decade since its inception. The initial 5 year study, ADNI-1, 

enrolled cognitively normal, MCI and AD subjects, and the subsequent studies (ADNI-GO and 

ADNI-2) added early- and late-MCI cohorts. The development of standardized methods allowed 

comparison of data gathered across multiple sites and these data are available to qualified 

researchers without embargo. ADNI data have been used in >600 publications including those 

describing relationships between biomarkers, improved methods for disease diagnosis and the 

prediction of future decline, and identifying novel genetic AD risk loci. ADNI has provided a 

framework for similar initiatives worldwide.

Established in 2004 in response to a need for improved biomarkers in clinical trials of 

Alzheimer’s disease (AD) therapies, the Alzheimer’s Disease Neuroimaging Initiative 

(ADNI) has made, and continues to make a profound impact on nearly all aspects of AD 

pathobiology and patient oriented research over the past decade The ADNI Team is now 

looking forward to continuing its work as a longitudinal study incorporating the latest 

advances in AD research. At the beginning of this century, details of the pathophysiological 

changes leading to neuronal degeneration in AD were lacking (1), mild cognitive 

impairment (MCI) had just been recognized as a prodromal state of the disease (2), and 

clinical trials of disease modifying treatments were limited by the lack of sensitivity of 

clinical and cognitive outcome measures to detect subtle treatment effects. The primary goal 

*Corresponding author. Center for Imaging of Neurodegenerative Diseases, VA Medical Center, San Francisco, 4150, Clement St. 
(114M), San Francisco, CA 94121. Tel.: 415-221-4810 x3642; Fax: 415-668-2864. michael.weiner@ucsf.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interest
Dallas P. Veitch has no conflicts of interest to report.

HHS Public Access
Author manuscript
Alzheimers Dement. Author manuscript; available in PMC 2017 July 31.

Published in final edited form as:
Alzheimers Dement. 2015 July ; 11(7): 730–733. doi:10.1016/j.jalz.2015.05.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of ADNI therefore was to develop and validate biomarkers that could function as surrogate 

outcome measures with greater statistical power than clinical or cognitive measures alone in 

addition to advancing understanding of the pathobiology of AD (3, 4).

History and Governance

ADNI was initially funded by a combination of public, private and foundation sources as a 

five-year study of normal cognitive aging, MCI and early AD, enrolling more than 200 

elderly control subjects, 400 MCI patients and 200 early AD patients across 56 sites in the 

US and Canada (3). The initiative was structured as a series of eight cores (Clinical, MRI, 

PET, Biomarker, Genetics, Neuropathology, Biostatistics, and Informatics) under the 

direction of an Administrative Core and was overseen by a Steering and Executive 

Committee consisting of representatives from all funding sources as well as principal 

investigators of the ADNI sites (5). In addition, a Private Partner Scientific Board convened 

by the foundation for the National Institutes of Health provided an opportunity for industry 

partners to exchange study related scientific data in a precompetitive manner, and a Data 

And Publications Committee monitored scientific publications arising from ADNI research 

and data (5). A subsequent Grand Opportunities grant funded ADNI-GO which enrolled a 

new cohort of 200 early MCI patients, and a competitive renewal of ADNI-1 in 2011, termed 

ADNI-2, enrolled 150 elderly controls, 100 early MCI, 150 late MCI and 150 AD patients in 

addition to existing ADNI-1 and ADNI-GO cohorts. Successive studies added new 

technologies such as fMRI, amyloid imaging using 11C-Pittsburg compound, and then 18F-

AV45 radioligands, and MRI techniques to detect microhemorrhages. Some subjects have 

now been monitored for 10 years. providing critical longitudinal data.

Data sharing

A groundbreaking feature of ADNI from its beginning was the resolve to make all data 

generated available to qualified researchers worldwide. This open data sharing was 

unprecedented for NIH funded studies To achieve this, the Informatics core constructed a 

sophisticated infrastructure based at the Laboratory of Neuroimaging, currently at the 

University of Southern California, to facilitate the storage, curating and sharing of ADNI 

imaging, biomarker, clinical, and genetic data (6).

Relationships between biomarkers

ADNI data has been used in more than 600 publications spanning multiple scientific areas 

ranging from epidemiology to computer science to genetics and beyond. Two early studies 

established a biomarker ‘signature’ for AD that defined a series of cutpoints for CSF 

biomarkers beyond which a patient would be considered to have a high probability of the 

disease (7, 8). Combining low Aβ42 and high t-tau or p–tau181 levels, these signatures 

identified AD pathology in AD patients as expected (7), but also suggested that cognitively 

normal participants could harbor abnormal tau and Aβ brain pathology (8). Early 

longitudinal biomarker data contributed to a provocative model for the temporal ordering of 

pathophysiological changes occurring during the progression of AD by Jack et al (9), which 

has been subsequently refined based on analysis of further ADNI data (10, 11), and which is 
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supported by many studies (12). Perhaps the most influential ADNI paper, the Jack et al 

temporal ordering of ADNI biomarkers (9) is the most widely accepted working model of 

AD biomarker dynamics.

Diagnosis

The rich and continually growing ADNI data set has provided opportunities for researchers 

to investigate new approaches to the challenges of diagnostic classification and the 

prediction of future clinical change in subjects ranging from those who are cognitively 

normal to those with MCI or who have manifest AD. Vemuri et al first combined MRI and 

CSF biomarkers for AD diagnosis (13) and the prediction of future clinical decline (14), 

finding that CSF biomarkers increased the diagnostic accuracy and predictive ability of MRI 

measures. Subsequently, a multimodal classifier that selected MRI and FDG PET regions of 

interest and combined them with CSF biomarker data proved highly accurate (15). This 

marked the transition to the use of the full breadth of ADNI data for these tasks and recent 

studies have continued to improve accuracy by focusing on the selection of features that are 

most AD-like across multiple modalities and by incorporating longitudinal data (12).

Genetics

As of the end of 2014, there were 2065 distinct APOE genotype data results available, and 

GWAS data were available for 1252 participants within ADNI. Over 200 publications have 

used ADNI genetic data, representing a contribution to AD genetics that extends far beyond 

the original mandate of the initiative. In 2009, Potkin et al (16) reported the first ADNI 

genome-wide association study (GWAS) using MRI hippocampal volume as quantitative 

trait. Since then, the ADNI Genetics core has pioneered the first GWAS using measures of 

CSF Aβ and tau (17), whole brain ROIs (18), longitudinal hippocampal MRI volumetric 

change (19), and Aβ amyloid deposition measured by Florbetapir PET (20) as quantitative 

traits, the first voxel-based GWAS (21), and the first whole-exome sequencing study in MCI 

patients (22). Significantly, ADNI genetic data have been part of larger data sets that have 

identified novel variants for AD and confirmed previously identified variants (23–25).

Cognition

Cognition research within ADNI was the focus of a special issue of Brain Imaging and 

Behavior published in 2012 (26). This issue covered a variety of topics such as psychometric 

analysis of cognitive tests to improve reliability, sensitivity, and validity of measurements of 

different cognitive domains, neuroimaging-cognitive relationships, genetic contributions to 

cognition, and the sequencing of biomarker and cognitive changes in disease progression 

(26).

Previous Special Issues and Reviews of all ADNI Papers

Progress made over the course of ADNI-1 was highlighted in a special issue of Alzheimer’s 

& Dementia in 2010 introduced by Weiner et al (5). This included a set of papers which 

described the achievements of individual ADNI cores as well as a paper outlining the 

perspectives of the Private Partner Scientific Board. A second special issue highlighting the 
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work of ADNI was also published in 2010 by Neurobiology and Aging. Introduced by 

Frisoni et al (27), it contained 19 papers on topics related to biomarker dynamics and AD 

pathophysiology, the prediction of future cognitive decline in MCI and cognitively normal 

patients, as well as strategies to improve clinical trial design – based on ADNI studies. As 

ADNI data continued to result in a bounty of publications, the need to summarize the 

progress made by ADNI in a review format for the benefit of researchers in the field became 

apparent. In response to this need, Weiner et al reviewed all papers published using ADNI 

data until the end of 2010 (28), mid-2012 (12), and the end of 2013 (29). The overall impact 

of ADNI in a myriad of areas has recently been addressed (30).

Standardization

At the outset of ADNI, a major hurdle was the development of standardized methods that 

would allow the comparison of results from multiple centers and scanner-hardware 

variations within the initiative. A major collaborative effort produced a set of protocols for 

PET and MRI procedures, and the analysis of CSF biomarkers (available at http://

adni.loni.usc.edu/methods/) (5). These have proved essential beyond the scope of ADNI. 

The standardized protocols have been employed in virtually all clinical trials by 

pharmaceutical companies developing disease modifying treatments for AD and most 

recently AD prevention trials (30). There are also a number of initiatives modelled on ADNI. 

Worldwide ADNI (WW-ADNI), sponsored by the Alzheimer’s Association, has established 

eight similar initiatives in Europe, Asia, Australia, and South America which aim to track 

AD progression in diverse ethnic groups, and from which standardized data are available to 

the international research community (31). Other initiatives based on ADNI investigate both 

risk factors for AD and the pathophysiology of other neurodegenerative diseases. Currently, 

three programs are investigating post-traumatic stress disorder and traumatic brain injury in 

Vietnam veterans (32), and depression (30) as risk factors for AD. Other programs are aimed 

at identifying biomarkers for PD (33), frontotemporal lobar degeneration (30), multiple 

sclerosis (34), and Down’s syndrome (30).

Amyloid PET and Tau PET

One distinguishing feature of ADNI is its incorporation of developing technologies in 

successive grant cycles. For example, Aβ amyloid PET imaging initially used the Pittsburgh 

compound ligand in ADNI-1, but included the Florbetapir ligand in ADNI-2, which was 

labelled with a longer lived isotope (18F versus 11C) and therefore increases imaging 

practicality. Currently, ADNI has been granted funding to conduct tau amyloid PET studies 

using a recently developed ligand that detects tau tangles in the living brain. Data from this 

pilot study is expected to contribute to a competitive renewal of ADNI-2, termed ADNI-3, 

which if funded, would begin in 2016 and would include tau amyloid PET in addition to 

current protocols in a five-year study.

The first decade of ADNI has been characterized by outstanding innovation and progress. 

ADNI’s major high impact contributions have been the validation of diverse imaging and 

chemical biomarkers for use in subject selection and as surrogate outcome measures in AD 

clinical trials, the standardization of protocols for use in multicenter settings, and the 
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establishment of a successful large-scale data sharing infrastructure which has in turn 

contributed to the publication of over 600 scientific papers. Highly significant ADNI 

publications have described a widely accepted model for biomarker dynamics in AD 

pathogenesis, established a biomarker ‘signature’ for AD, leveraged ADNI’s rich 

multimodal dataset for diagnostic classification and prediction of future decline, and include 

numerous GWAS and other genetic studies identifying or confirming novel AD risk alleles. 

The success of ADNI in pioneering funding approaches, data-sharing and the 

standardization of methods is evidenced by similar initiatives that are now investigating 

distinct risk factors for AD as well as developing biomarkers for other diseases such as 

Parkinson’s disease. It is expected that the continuation of the study in the next decade will 

result in a further proliferation of technological advances and improvements to clinical trial 

efficiency, and in an even deeper understanding of AD pathophysiology.
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