
1

Early Detection of Alzheimer’s disease? The 
Australian Imaging Biomarker and Lifestyle 

Flagship Study of Ageing

Professor David Ames

Director National Ageing Research Institute
University of Melbourne Professor of Ageing and health

AIBL study national leader 

dames@unimelb.edu.au

Why research dementia?

Dementia is an age related disorder whose prevalence doubles every 
five years between age 60 and 90 - Alzheimer’s disease is the most 
common cause

Australia currently has 13% of people over 65 years, and this number 
is rising to reach 25-28% by 2050. Currently 1% of Australian 
population is affected by dementia, rising to 2.8% by 2050. 

With life expectancy increasing across the world, dementia poses an 
increasing medical and socioeconomic challenge. World prevalence is 
doubling every 20 years to 81 million by 2040.

Australia has been and continues to be a major contributor to 
international dementia research – Henderson, Jorm, Brodaty, Masters, 
Martins, Bush – we do it well and we do it economically.

Treatment strategies are likely to be most effective if administered early

Development of lifestyle interventions to prevent or delay AD onset 
would have significant effects at the population level if effective

Currently no certain method of detecting whether a person is likely to 
develop AD. Main risk factors are age and ApoE � 4 (not modifiable)

– Mild cognitive impairment (MCI): 30 – 60% develop AD
– Presymptomatic diagnostic tests that were accurate and affordable 

would permit targeted interventions to be trialed in at-risk individuals

Basis of AIBL Aims

1. To improve the understanding of the 
pathogenesis and diagnosis of Alzheimer’s 
disease using neuropsychological, 
neuroimaging and biomarker techniques, with 
a focus on early diagnosis of AD 

2. To examine lifestyle and diet factors that may 
be involved in the pathogenesis of AD, towards 
future lifestyle intervention

Study aims

• Launched on 14th November 2006, largest study of its kind in Australia

• 3-year prospective longitudinal study of memory

• Large scale cohort study: 1000+ participants (minimum age 60 years)

• Patients with AD, MCI and healthy volunteers

• Multi-disciplinary approach, 4 research streams

• Focus on early detection, towards lifestyle interventions

• Multidisciplinary, collaborative, brings together researchers in Perth, 
Adelaide, Melbourne, Canberra and Brisbane (40% subjects from WA, 
60% from Vic)

What is the AIBL study?
Study is conducted between Perth (40%) and Melbourne (60%)

• CSIRO P-Health*
• University of Melbourne*
• Neurosciences Australia Ltd (NSA)*
• Edith Cowan University (ECU)*
• Mental Health Research Institute (MHRI)*
• National Ageing Research Institute (NARI)
• Austin Health
• University of WA (UWA)
• CogState Ltd.
• Charles Gairdner Hospital radiology and nuclear medicine

*denotes signatories to the AIBL study contract

AIBL collaborators
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Organisational structure

Management 
committee 

Clinical/cognitive LifestyleBiomarkers Neuroimaging

Scientific steering 
committee 

– Prof. David Ames (NARI)
– Dr. Kathryn Ellis (U of Melb)
– Prof. Ralph Martins (ECU)
– Prof. Colin Masters (MHRI)
– Prof. Chris Rowe (ARMC) 
– Prof. Peter Hudson (NSV)
– Dr. Andrew Milner (NSV)
– Mr. Lindsay Bevege (NSV)
– Ms. Kiara Bechta-Metti (CSIRO)

Management committee

Overview

Baseline Follow-up (18mth)

Clinical/cognitive data

80ml blood

Lifestyle information

PET & MRI scans (250 volunteers)

Clinical/cognitive data

80ml blood

PET & MRI scans

TIMELINE

Current status

1000+ 
volunteers

• Methods for the 4 streams of research

• Baseline results for the full cohort (1000+ volunteers)

• Baseline results for imaging sub-group (200+ volunteers)

METHODOLOGY

• Core group members
– Dr. Kathryn Ellis (chair)
– Prof. Paul Maruff (co-leader)
– A/Prof. Greg Savage (co-leader)
– A/Prof. Jonathan Foster  (co-leader)
– A/Prof. David Darby 
– Prof. Nicola Lautenschlager 
– Prof. David Ames 
– Dr. Matthew Samuel

• Primary role: support other programs of research

• Characterise cohort, measure change over time

Assessment scheduleResearch stream 1: 
Clinical and cognitive

Memory/learning California Verbal Learning Task (CVLT-II)

Logical memory II (WAIS)

Language Controlled Oral Word Association (COWAT)

Boston Naming Test (BNT)

Working memory Digit span task

Attention Digit Symbol (WAIS III)

Executive function Stroop 

Spatial Complex figure of Rey

CogState battery (www.cogstate.com) 

Assessment scheduleNeuropsychology battery
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OTHER CLINICAL MEASURES

• Hospital Anxiety and Depression Scale (HADS)
• Geriatric depression scale (GDS), 15 item version 
• Clinical dementia rating (CDR) 
• Wechsler Test of Adult Reading (WTAR)
• Mini-Mental State Examination (MMSE)
• Informant Questionnaire of Cognitive Decline in the Elderly (IQCode)

OVERALL

• Most comprehensive neuropsychological profile of the large cohort studies

• Basic assessment takes 2 hours

• Neuropsychologists suspend cognitive testing if participant/patient is 
overwhelmed (although this is rare)

• Clinical review panel meets monthly to review diagnostic classification of all 
AD and MCI cases and all healthy controls with any results of interest or 
concern

Basic inclusion/exclusion criteria

• All participants
– Over 60 years of age
– English speaking
– Stable medications (e.g. controlled hypertension)

• AD patients 
– CDR 0.5 or 1 or 2
– Meet NINDCS/ADRDA, ICD-10 and DSM-IV criteria 

for (probable or possible) AD 
– Reliable informant who has frequent contact with 

patient (minimum 10 hours per week)

Inclusion/Exclusion criteria

Inclusion/Exclusion criteria - 2
• MCI

– CDR of 0.5
– Diagnosed by a clinician + performing 1.5 SD below mean for age 

on one or more AIBL battery tasks [Winblad et al 2004; Petersen et al. 1999]

– Volunteers who present as healthy but have subjective memory 
problems and perform 1.5SD below the mean for age on at least 
two AIBL battery tasks (confirmed at clinical panel)

– All types of MCI will be included, however focus is on amnestic MCI 

• Healthy Volunteers
– MMSE score of 26 or above
– CDR of 0 or 0.5
– No clinically relevant abnormalities or other causes for cognitive 

impairment (eg stroke, alcoholism, severe previous head injury) 
identified during medical history and brief physical examination

– Non-depressed, non-MCI, non-demented

Inclusion/Exclusion criteria - 2

• Core group members 
– Prof. Peter Hudson (Chair)
– Prof. Ralph Martins (co- leader) 
– Prof. Ashley Bush (co- leader)
– Prof. Colin Masters (co- leader)
– Mr. Kevin Taddei (Edith Cowan University)
– Dr. Qiao-Xin Li (Uof Melb)
– Dr. Alan Rembach (MHRI)

• Identification of genetic and/or biochemical markers of 
AD in blood

Progress to dateResearch stream 2: Biomarkers

Clinical Pathology

80ml blood

ESR and FBE 
Homocysteine
Serum and red cell folate
B12
Glucose
Ceruloplasmin
Ferritin/Transferrin/Iron
Insulin
Oestradiol
LH
Thyroid (TSH,FT4,FT3)
PSA (MALES ONLY)

Assay developmentAssay development

A� ELISA detection systems
Innogenetics kit for A� . 

Metals
Ashley Bush’s Neuropathology Lab 
• Free metal analysis (AAS/ICPMS)
• Loosely-bound copper assay 

• Assay is working (on characterised lab plasmas)

Proteomics
Discussions in place to undertake  protein array analysis using 
Invitrogens Protoarray  chips (~8000 protein targets/chip). 
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Mass Spec A � interrogation
• Collaboration with Kevin Barnham’s BIO21 group in Melbourne

• 1x5ml EDTA from each participant every day 

• White blood cell isolation and then mass spec to interrogate A�
species.

Multiplex assay platform
• Signed deal with Pfizer which includes multiplex assay platform 

developed by Rules Based Medicine (RBM) in association with 
Pfizer

Biomarker collaborations PETPETResearch stream 3: Neuroimaging

• Core group members 

– Prof. Chris Rowe (Chair) 

– Dr. Nat Lenzo (co-leader)

– Dr. Victor Villemagne (coordinator) 

– Dr. Sebastien Ourselin 

– Dr. Mira Rimajova

– Dr Peter Robbins

– Dr Roger Price

– Dr. Kathryn Ellis

• Structural MRI on 3 Tesla – highly comparable to ADNI protocol

• In vivo measure of amyloid with the Pittsburgh compound: 11C-PiB PET

The binding of PIB matches the
histopathology of Abeta

AA BB CCBraak Stages  (1997)Braak Stages  (1997)

• PET 10 mCi of 11C-PiB  iv (imaging 40-70 mpi)

• MRI (T1 MPRAGE) for screening & PET-MR co-registration 

• Image Analysis
• ROIs placed on co-registered MRI

• Standardized uptake value ratios (SUVRs) obtained, relative to 
cerebellum

• Established a cut-off value of 1.6 SUVR, used to sort participants 
into "AD-like" (PIB-positive) or “HC-like” (PIB-negative)

• Neocortical AAbb burden =  average SUVR for frontal, parietal, lateral 
temporal, occipital, and cingulate ROIs. 

Imaging methods summary

Research stream 4: Lifestyle

• Core Group

– Prof. Ralph Martins (Chair)
– Ms. Belinda Brown (coordinator)

– Dr. Kathryn Ellis

Full cohort

– Food Frequency Questionnaire (FFQ)
– Physical Activity Questionnaire (IPAQ)

Sub-group

– Actigraph Uni-axial Accelerometer 

• Small devices (size of matchbox), 7 days per volunteer

– Dual Energy X-Ray Absorptiometry (DEXA)
• “Gold standard” body composition assessment, low dose radioactivity scan

RESULTS – characteristics of the cohort
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193 AD 150 MCI 823 Healthy controls

55 Excluded/withdrawn

171 8 33 79 20

211 AD 133 MCI

At Presentation/  
Pre-assessment

BASELINE COHORT

N = 1111 participants

Cohort sub-groups

180 NINCDS-ADRDA
Probable AD

31 NINCDS-ADRDA
Possible AD

49 Amnestic-
single domain

77 Amnestic-
multi domain

1 Non-amnestic-
single domain

6 Non-amnestic-
multi domain

395 Memory 
Complainers

372 Non Memory 
Complainers

11 18

3

26

7 46 744

767 Healthy controls

Participants: The cohort comprises 1111 volunteers aged over 60 years.  

N = 211 individuals with AD
as defined by NINCDS-ADRDA criteria (McKhann et al., 1984).

N = 133 individuals with MCI
a clinical condition characterised by cognitive impairment 
falling between dementia and normal ageing (Petersen et 
al. 1999; Winblad et al. 2004)

N = 767 Healthy controls

HC

AD

MCI

The Cohort at Baseline

Characteristics of Cohort at 
Baseline

AD MCI   HC

N 211 133 767

Age 78.5 (8.6) 76.2 (7.6) 70.5 (7.0)

MMSE 19.1 26.2 28.9

CDR 0.98 0.51 0.03

ApoE� 4 carriers (%) 64.4 47.5 26.8

Sex (%m/ f) 39 / 61 44 / 56 43 / 57
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Fig 2: CVLT II recall
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Fig 1: CVLT II learning

Memory
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Fig 3:Logical memory (story A)
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WAIS-III Digit Span and Digit Span 
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0

5

10

15

FAS Animals + Boys
Names
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Letter and Category Fluency Age Scaled Scores

Fig 6: Verbal Fluency

Attention, processing speed and language

Fig 5: Attention & Processing Speed

AD MCI HC
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RESULTS – baseline imaging findings

• Participants (n=289)
• 177 Healthy elderly controls (HC)

81 Non-memory complainers 
(49% ApoE e4+ve)

96 Memory complainers
(40% ApoE e4+ve)

• 58 subjects meeting criteria for MCI 

• 54 subjects meeting NINCDS-ADRDA criteria for probable AD

Neuroimaging sub-group

HC MCI AD

58 54

Age 73.6 ± 7.6 77.4 ± 7.5* 74.0 ± 8.7

MMSE 28.8 ± 1.2 27.1 ± 2.3* 20.5 ± 4.9*

Gender (M/F) 87/90 29/29 24/30

%ApoE e4 43% 52% 74%†

177

*Significantly different from HC, p <0.05

Demographics
(n=289)

29%
64%

98%

HC MCI AD

PiB +ve or 
“AD-like ”

PiB - ve or 
“HC-like ”

29%
64%

98%

HC MCI AD

PiB +ve or 
“AD-like ”

PiB - ve or 
“HC-like ”

Significant differences between the three groups (p<0.001)

Percentage of PiB+ volunteers

PIB-ve
HC

PIB+ve
HC

PIB-ve
MCI

PIB+ve
MCI

AD

3.0

0.0

1.5

SUVR

Representative images

Significantly greater 
cortical PiB burden in 
ApoE � 4+ volunteers than 
� 4- volunteers (p<0.05). 

ApoE � 4 and PiB binding

All volunteers (AD, MCI, HC)

AD

ApoE e4+ve ApoE e4-ve

3.5

3.0

2.5

2.0

1.5

1.0
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Healthy controls: ApoE � 4 differences

In the HC subgroup, 49% of HC ApoE� 4+ were PIB+ve, compared to 21% of 
the HC ApoE� 4-ve group.

PiB +ve or 
“AD-like”

PiB - ve or 
“HC-like”

� 4+           � 4-

49%
21%

3.5

3.0

2.5

2.0

1.5

1.0

HC
1.44±0.43

MCI
1.91±0.65

AD
2.30±0.40
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40
-7

0

67%36%

96%

*† *

*Significantly different from HC, p <0.05
†Significantly different from AD, p <0.05

Ab burden by clinical classification

HC
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MCI ADHC
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*† *

*Significantly different from HC, p <0.05
†Significantly different from AD, p <0.05

3.5

3.0

2.5

2.0

1.5

1.0

Ab burden by classification

r= -.58

p<.001
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Neocortical PiB and memory

Composite Episodic Memory Score
California Verbal Learning Test-II long delay
Rey Complex Figure Test long delay
Logical Memory delayed recall

Composite Non-Memory Cognition Score
Rey Complex Figure Test (copy)
30-item Boston Naming Test 
Digit Span total
Digit Symbol-Coding 
Letter fluency (FAS)
Category fluency  (Animals + Boys names)

Composite scores Neuropsychology: AD, MCI and HC

Composite score: All

PiB SUVR

MTL Parietal Frontal

Episodic memory -0.55 -0.67 -0.67

Visuospatial function -0.22 -0.38 -0.34

Executive function -.031 -.043 -0.37

Composite measures for episodic memory, visuospatial function and executive 
function were calculated. Significant differences between groups (p<0.05)

Correlations between regionally specific composite scores and PiB uptake (p<0.05)

Strongest relationship for all composite scores was with parietal burden, and the 
strongest relationship for all regions was with episodic memory.
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Neuropsychology:  Healthy controls

Preliminary data (n =110 HCs):

1)  PiB +ve volunteers performed   
0.5 SD worse than PiB-ve cases 
on memory tasks (p<0.05)

2)  Episodic memory composite 
score correlated with binding in 
parietal and frontal regions, but 
not medial temporal lobe 
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Memory composite scores

HC PiB -ve HC PiB +ve

Composite score

PiB SUVR

MTL Parietal Frontal

Episodic memory 
HC

Ns -0.23 -0.22
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-0.4

-0.3
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PiB -ve PiB +ve

Healthy volunteers

23 PiB-ve subjects scanned,

only 1 converted to MCI (4%)

10 PiB+ve subjects scanned,

3 converted to MCI/AD (30%)

15 PiB+ve subjects scanned, 

12 converted to AD (80%)

14 PiB-ve subjects scanned, 

only 5 converted to dementia (36%)

MCI patients
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Prediction of Conversion
(at 21 months follow-up)

100 Dexa Scans and 91 
Actigraphs completed

Dexa 16 AD 20 MCI 64 HC
Actigraph 6 AD 8 MCI 77 HC

31 subjects were assessed with 
both measures and all these 

assessments were conducted in 
Perth

• The current demographic characteristics demonstrate a well balanced cohort. 

• Neuropsychological findings reveal HC>MCI>AD on performance, as expected

• Healthy controls
– PiB +ve scored 0.5 SD below PiB -ve 
– Episodic memory correlated with parietal and frontal, but not temporal PiB 

binding
– MC did not influence PiB loading or performance on memory tasks

• The ApoE � 4 genotype findings are consistent with well established 
epidemiological data. 
– Greater PiB burden in ApoE � 4+ volunteers than ApoE � 4- volunteers 

• PiB load: AD patients > MCI > HC MC/HC ApoE � 4-. However, MCI and HC 
ApoE4 � 4+ groups were not significantly different.

Discussion

• The current demographic characteristics demonstrate a well balanced cohort. 

• Neuropsychological findings reveal HC>MCI>AD on performance, as expected

• Across the whole cohort, memory correlates with PiB loading 

• Relationship between PiB and memory holds within MCI and HC, not AD group.

• Subjects diagnosed as probable AD showed marked cortical and striatal PiB 
retention with relative sparing of occipital and sensorimotor cortex.

• 67% of MCI participants showed significant cortical PIB retention, similar to AD.

• 36% of HC volunteers showed significant cortical PIB retention, though lower 
than in AD

Summary

• The ApoE � 4 genotype findings are consistent with well established 
epidemiological data. 
– Greater PiB burden in ApoE � 4+ volunteers than ApoE � 4- volunteers 

• These baseline data demonstrate a cohort of healthy volunteers, MCI patients 
and AD patients performing within expected ranges for their age and 
classifications. 

• Cross sectional analysis of baseline data from this large cohort will provide 
valuable information on links between cognition, brain amyloid burden, 
structural brain changes, biomarkers, diet and lifestyle, 

• Planned follow-up at 18-months will reveal risk factors for cognitive decline.

• These data will assist development of techniques for early detection of AD 
and provide a cohort suitable for targeted early intervention studies

Summary - 2
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AIBL study team
See www.aibl.nnf.com.au for complete 
list of contributors

CSIRO Preventative Health Flagship
Richard Head
Michelle Zucker
Kiara Bechta-Metti

University of Pittsburgh
Chester Mathis
William Klunk
Julie Price
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