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Cantab Mobile 

7. Class III Summary and Certification Statement 

 

Cantab Mobile is not classified as a class III device.  Therefore, this section is not 

applicable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, 

disclosed, used or destroyed without written authorization by Cambridge Cognition. © Copyright 

Cambridge Cognition 2016. All rights reserved. All trademarks acknowledged. 

 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION 

IS USED. PRINTED COPIES ARE UNCONTROLLED.  
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Cantab Mobile 

8. Financial Certification or Disclosure Statement 

 

No clinical studies were conducted as a part of this 510(k) submission. Therefore, this 

section is not applicable.  
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Cantab Mobile 

9. Declaration of Conformity and Summary Reports 

 

This is a traditional 510(k) submission.  This section is not applicable. 
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Cantab Mobile 

10. Executive Summary

Product Name: Cantab Mobile 
Indication: Assess Memory in Patients Aged 50 to 90 Years 

Sponsor 

     © Cambridge Cognition Limited 
Tunbridge Court  
Tunbridge Lane 

Bottisham 
Cambridge, CB25 9TU 

UK 
Tel: +44 (0) 1223 810 700 
Fax: +44 (0) 1223 810 701 

Authorized US Agent 

Clementi and Associates Ltd. 
919 Conestoga Road 
Rosemont, PA  19010 

Tel: 610 527-2600 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, 

disclosed, used or destroyed without written authorization by Cambridge Cognition. © Copyright 
Cambridge Cognition 2016. All rights reserved. All trademarks acknowledged. 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION IS 
USED. PRINTED COPIES ARE UNCONTROLLED.  
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS 

AD Alzheimer's disease 

ADAS-cog Alzheimer’s Disease Assessment Scale – Cognition 

ADHD 
ADL 

Attention deficit hyperactivity disorder 
Activities for Daily Living Questionnaire 

CANTAB Cambridge Neuropsychology Test Automated Battery 

CAPA Corrective and Preventative Action 

DLB Dementia with Lewy Bodies 

FDS Functional Design Specification 

GDS Geriatric Depression Screening Questionnaire 

HD Huntington’s disease 

ID 
IFU 

Identification 
Instructions for Use 

MCI Mild Cognitive Impairment 

MEDDEV 
NINCDS-
ADRDA 

PAL 

Medical Device guidance document 
National Institute of Neurological and Communicative Disorders and 
Stroke - Alzheimer’s Disease and Related Disorders Association  

Paired Associates Learning 
PIN Personal Identification Number 

RS Requirements Specification 

SCM Software Configuration Management 

SDLC Software Development Life Cycle 

SDS Software Design Specification    

SOP Standard Operating Procedure 

SOUP Software Of Unknown Provenance     

QD Questionable dementia 

QMS Quality Management System 

VMP Validation Master Plan 
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BACKGROUND 

1.1 Information on Dementia and Relevancy of Testing 

It is estimated that dementia currently affects approximately 37 million people worldwide 
and, as the population ages, these prevalence rates can be expected to increase substantially. 
In addition to the devastating personal impact that a diagnosis of dementia may have upon 
the lives of patients and their caregivers, there is also a financial burden. The total monetary 
cost of dementia in 2010 was between $157 billion and $215 billion (Hurd et al., 2013).  

Current criteria for the diagnosis of probable AD stipulates deterioration in two or more areas 
of cognition including memory of sufficient magnitude to interfere with work or social 
function.  Critically however, substantial neuropathological change may have occurred 
before clinically significant symptoms (Jack et al. 2010; Jansen et al. 2015) appear.  Thus, 
commencing treatment of AD at the time of clinical diagnosis (whether with cholinergic / 
glutamatergic drugs, anti-amyloid deposit agents or other putative disease modifying agents) 
may be sub-optimal or even ineffective because of the advanced stage of neurodegeneration 
at that time. The identification of cognitive tests that are sensitive to early pathological 
changes would facilitate the diagnosis of patients in a 'prodromal' state (i.e., those in whom 
the pathological process is present but whose symptoms are currently sub-clinical). Such 
early detection would serve to maximize the potential therapeutic benefit of treatment, 
enhance patient quality of life and, in so doing, reduce the burden on residential and nursing 
care services. Consequently, a very high therapeutic and economic premium is placed on the 
early detection and diagnosis of AD. 

The CANTAB (Cambridge Neuropsychology Test Automated Battery) PAL (Paired 
Associates Learning) requires patients to learn and remember abstract visual patterns 
associated with various locations on a touch sensitive computer screen.  See Section 3 below 
for additional detail.   

A series of independent studies have demonstrated that Cantab PAL measures of visuospatial 
associative learning and semantic memory are sensitive in detecting the earliest signs of 
prodromal Alzheimer's disease (up to 32 months prior to clinical diagnosis) both in memory 
clinic attendees (Fowler et al., 1995, Fowler et al., 1997; Fowler et al., 2002; Swainson et al., 
2001; Blackwell et al., 2004) and in community dwelling cohorts of individuals classified as 
asymptomatic using current clinical measures (De Jager et al., 2002); De Jager et al., 2005). 

Further studies using Cantab PAL have confirmed it to be of utility in early and differential 
diagnosis in AD on a case-by-case basis.  The Cantab PAL performance of patients with mild 
AD was impaired relative to both demographically-matched healthy controls (Sahakian et al., 
1988) and to individuals with Frontal Variant Fronto-Temporal Dementia (Lee et al, 2003).  
Of critical importance, Cantab PAL was also found to be relatively insensitive to major 
unipolar depression (only 7 percent of scores of patients with Depression and Alzheimer’s 
disease fell within an overlapping range) (Swainson et al., 2001). This result suggests that 
Cantab PAL is of utility in the differential diagnosis of early AD and depression (unlike word 
recall tests – see O’Carroll et al., 1997). Unlike ADAS-COG, performance on Cantab PAL 
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was also found to correlate significantly with subsequent deterioration in global cognitive 
function.  Furthermore, in a group of individuals with ‘questionable dementia’, baseline 
Cantab PAL results revealed an apparent subgroup of patients who performed like AD 
patients.  In a follow up study, Blackwell et al. (2004) showed that by taking into account age 
and performance on one other neuropsychological test (The Graded Naming Test 
[McKenna & Warrington, 1980]), Cantab PAL gave a 100% distinction between patients 
with questionable dementia who either did or did not convert to probable AD (NINCDS-
ADRDA criteria) 32 months after baseline testing (see also De Jager et al., 2002). These 
studies also revealed that the sensitivity (in detecting prodromal AD in a QD group) and 
specificity (in differentiating AD from depression) of Cantab PAL was considerably better 
than that of all other frequently-used tests included in the study (including ADAS-cog and 
Wechsler Logical Memory Delayed Passage Recall). 

The accumulating evidence demonstrates the sensitivity and specificity of Cantab PAL as a 
tool for operationalizing the criteria for objective memory impairment in mild cognitive 
impairment (MCI).  
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INDICATION(S) AND INTENDED USE 

The application is designed to detect episodic memory impairments in patients aged 50 to 90 
years who may be experiencing MCI or dementia (Table 1).  Along with the memory test 
there are optional mood and functional assessments which can help detect symptoms of 
depression (Geriatric Depression Screening Questionnaire [GDS]), and problems with 
performing regular activities of daily living (Activities of Daily Life Questionnaire [ADL]).  
Additional information on questionnaires is provided in the Device Description document, 
Section 11 of this submission.  

Table 1. Indications for Use 
Indications for   Use The device is intended to be used to assess memory in patients aged 50 

to 90 years. 

Contraindications Patients with severe visual impairment 

Patients outside the indicated age range 

The application provides test results that are interpretive, however, Cantab Mobile is not a 
diagnostic test. The output provided by the device is not diagnostic. A diagnosis can only be 
made by a qualified physician using consensus diagnostic criteria.  The option to test or not 
to test is a decision that rests with the medical professional.   

2.1 Instructions for Use 

The Instructions for Use (IFU) is included as a separate document in Section 13 of this 
submission.  Please see NMI-013 for the full Instructions for Use for Cantab Mobile. 
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DEVICE DESCRIPTION 

A full Device Description is included in a separate document in Section 11 of this 
submission. 

3.1 Summary 

Cantab Mobile is software to be loaded and run on Apple iPad hardware and operating 
system. The software is intended to be administered by a healthcare professional to test the 
cognitive function of a patient. The Cantab Mobile memory test is based on the Cantab PAL 
test, which requires patients to learn and remember abstract visual patterns associated with 
various locations on a touch-sensitive computer screen. Two optional questionnaires are 
included to assess a patient’s mood and ability to perform daily living activities. At the 
conclusion of the test, a ‘thank you’ screen is displayed with no information on test 
outcome. The healthcare professional will then be able to read or export a report, which 
summarizes the memory test results and also displays information on the patient’s responses 
in the questionnaires, if these have been administered. 

Cantab Mobile has been classified as a Class IIa Medical Device in accordance with: 

• MEDDEV 2.1/6 – January 2012

• 93/42/EEC on Medical Devices, Classification Criteria, Annex IX, Rule 10.
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VERIFICATION, VALIDATION AND TRACEABILITY 

Software development is carried out under a controlled Software Development Life Cycle 
within a Quality Management System. A summary of the current version of these 
procedures in relation to IEC 62304:2006 for Class A software systems is provided in 
QA-IEC62304Analysis.  See the Software section of this submission (Section 16). 

Version 1.3 is the current version of the application.  The history of prior application 
changes and verification is reflected in the table below.  

Table 2. Description of Verification and Validation Activities 

In addition to the traceability of verification records and risk control activities provided in 
the above documents, traceability between requirements, functional design and software 
testing specifications is summarized in NMI-018.  

Functional testing is conducted against controlled software versions using a defined test 
specification, which documents the criteria required for each test case to pass; the pass/fail 
outcome for each case is recorded in records of testing for the software version.  

A revision history log of external software releases with version identification is maintained 
under the control of the software configuration management system. 

(b)(4)

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



SUBSTANTIAL EQUIVALENCE 

5.1 Predicate Device 

Cantab Mobile is substantially equivalent to DANA (manufactured by AnthroTronix; 
K141865). Cantab Mobile and DANA are both categorized as Attention Task Performance 
Recorders. The tests use different mobile devices; Cantab Mobile uses an Apple iPad and 
DANA uses a smartphone or tablet with the Android operating system. Cantab Mobile and 
DANA are both used by healthcare professionals to measure aspects of patients’ cognition. 
Cantab Mobile and DANA differ in the areas of cognition measures in that Cantab Mobile 
assesses visuospatial episodic memory, whereas the DANA software measures reaction time 
(speed and accuracy). Cantab Mobile and DANA are similar in terms of technological 
characteristics as both electronically record objective performance measurements when the 
patient responds to stimuli presented on the screen by touching the screen. Differences in the 
design and performance of Cantab Mobile and DANA do not affect either the safety or 
effectiveness of Cantab Mobile for its intended use. 

Table 3 presents a summary of each device for comparison.  A complete comparison table is 
provided in Appendix A. 

Table 3. Device Comparison Summary (Proposed Device vs. Predicate Device) 
Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. 

DANA – AnthroTronix 
(Submitted September 18, 2014) 

510(k) Number Not Yet Assigned K141865 

Trade Name Cantab Mobile DANA 
Common Name: Mobile Based Task Performance Recorder 
Classification 
Name: 

Recorder, Attention Task Performance 

Regulatory Class: Unclassified 

Indications for 
Use 

Cantab Mobile is intended to be used to 
assess memory in patients aged 50 to 90 
years. Along with the memory test there 
are optional mood and functional 
assessments which can help detect 
symptoms of depression, and problems 
with performing regular activities of 
daily living. 

DANA provides clinicians with objective 
measurements of reaction time (speed and 
accuracy) to aid in the assessment of an 
individual's medical or psychological state. 
DANA also delivers and scores standardized 
psychological questionnaires.  
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CLINICAL EVALUATION 

6.1 Introduction 

The following evidence was considered: 

1.

2.

6.2 Objectives 

(b)(4)

(b)(4)

(b)(4)

(b) (4)

(b) (4)
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(b)(4)

(b) (4)
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RISKS TO HEALTH 

7.1 Summary 

Risk management for the device is handled under controlled procedures within a Quality 
Management System. These procedures are designed to meet applicable requirements of EN 
ISO 13485:2012 and EN ISO 14971:2012. 

A tabular summary of the risk analysis and other document references are provided in 
Section 11 of this submission. 

7.2 Determination of Level of Concern 

Cantab Mobile’s level of concern is classified as minor based upon the parameters and 
recommendations outlined in FDA’s Guidance for the Content of Premarket Submissions for 
Software Contained in Medical Devices (2005), with negative responses to all questions in 
Tables 1 and 2. Regarding question 3 in Table 2, the app is a screening device for use by a 
learned intermediary in conjunction with other investigations; its operation does not lead 
directly to diagnosis or choice of appropriate medical care. 
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OVERALL CONCLUSIONS 

Cantab Mobile is an app that runs on an iPad. It detects episodic memory impairments, in 
patients aged 50 to 90 years, and includes optional mood and functional assessments which 
can help detect symptoms of depression and problems with performing regular activities of 
daily living. The Cantab tests have a 30-year history of use in a range of clinical 
populations, supported by over 1500 published papers. Cantab Mobile includes the Cantab 
PAL test, which has been developed as a way of assessing episodic memory without 
language barriers. A series of independent studies have demonstrated that PAL is sensitive 
in detecting the earliest signs of prodromal Alzheimer's disease, up to 32 months prior to 
clinical diagnosis, and that it is relatively insensitive to major unipolar depression.  The 
accumulating evidence demonstrates the sensitivity and specificity of PAL as a tool for 
operationalizing the criteria for objective memory impairment in mild cognitive impairment 
(MCI).  

Cantab Mobile is not a diagnostic test. The results for a patient’s PAL memory test are 
presented to the healthcare professional as one of three traffic-light coded categories. In 
conjunction with other investigations, these provide information to assist the professional in 
their assessment of the patient.   

Cantab Mobile is substantially equivalent to AnthroTronix’s DANA software in that they 
share the intended use of providing clinicians with objective measurements of cognition. 
Both are mobile applications that electronically record objective performance measurements 
as the patient responds to stimuli presented on the screen by touching the screen. Differences 
in the design and performance of Cantab Mobile from DANA, the predicate device, do not 
affect either the safety or effectiveness of Cantab Mobile for its intended use.  
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 APPENDICES 

Appendix A. Predicate Device Comparison (Cantab Mobile and DANA) 

Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. DANA - AnthroTronix 

510(k) Number Not Yet Assigned K141865 

Device 
Information: 
Trade Name 

Cantab Mobile DANA 

Device 
Information: 
Common Name: 

Mobile Based Task Performance Recorder Mobile Based Task Performance Recorder 

Device 
Information: 
Classification 
Name: 

Recorder, Attention Task Performance Recorder, Attention Task Performance 

Device 
Information: 
Device Class: 

Unclassified 

The device has the same intended use, 
indications for use, and relies on 
technology that does not raise new safety 
and effectiveness questions to DANA. 

Unclassified 

http://www.accessdata.fda.gov/cdrh_docs/pd
f14/k141814.pdf 

Predicate 
Device: 

DANA (K141865) QbTest, Qbtech AB (K122149) 

Type of Use Prescription Use (Part 21 CRF 801 Subpart 
D 

Prescription Use (Part 21 CFR 801 Subpart 
D)  

Submission 
Date: 

TBD September 18, 2014 

Submitter 
Information: 
Company: 

Cambridge Cognition Limited. 
Tunbridge Court, Tunbridge Lane 
Bottisham  
Cambridgeshire, CB25 9TU 
UK 

AnthroTronix, Inc. 
8737 Colesville Road, Suite L203 
Silver Spring, MD  20910 
USA 

Design and 
Intended Use 

Cantab Mobile is a mobile application 
indicated to provide clinicians with 
objective measurements of visuospatial 
episodic memory and mood to aid in the 
assessment of an individual’s medical or 
psychological state.  

Results should be interpreted only by 
qualified professionals. 

Cantab Mobile was developed on a mobile 
platform to improve the access and 
availability of assessments. 

DANA is a mobile application indicated to 
provide clinicians with objective 
measurements of reaction time (speed and 
accuracy) and standardized health 
assessments to aid in the assessment of an 
individual’s medical or psychological state. 

Results should be interpreted only by 
qualified professionals.  

DANA was developed on a mobile platform 
to improve the access and availability of 
assessments. 
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Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. DANA - AnthroTronix 

Target 
population 

Patients aged 50 to 90 years with concerns 
about their memory. Results are 
automatically adjusted for age, gender, 
education.  

A wide age range from high school students 
to older patients with dementia. 

Anatomical site The brain: cognitive function The brain: cognitive function 

Test duration The test takes approximately 10 minutes to 
complete.   

Spectrum of tests: 5-Minute Rapid; 15-
Minute Brief; 45-Minute Standard. 

Scoring and 
reports 

Automatic scoring and instant reports Automatic scoring and instant reports 

Where used Cantab Mobile is software used on a tablet, 
therefore it can be administered in any 
suitable setting, e.g. a clinic or home. 

DANA is software on a tablet or 
smartphone, therefore it can be administered 
anywhere. 

Energy used Cantab Mobile software runs on an Apple 
iPad, which has the following features: 
 built-in 25-watt-hour rechargeable

lithium-polymer battery; 
 charging via power adapter or USB to

computer system; 
 up to 10 hours of use when charged.

The DANA software runs on Android tablets 
and smartphones, containing a rechargeable 
battery, charged via power adapter or USB 
to computer system. The energy used is 
hardware-dependent. 

Human factors Any healthcare professional can administer 
the test. To ensure reliable results, the iPad 
should be placed on a stand and the 
assessment should be administered in a 
quiet room, without disturbance. 

The voiceover and questionnaire texts are 
provided in a choice of languages. 

DANA software can be self-administered by 
patients or administered by a health aide. 

To whom is the 
product 
marketed /target 
audience? 

Healthcare 
Rehabilitation 

Healthcare  
Education 
Pharmaceutical 
Rehabilitation 
Government 

Materials N/A N/A 

Biocompatibility N/A N/A 

Compatibility 
with the 
environment and 
other devices 

N/A N/A 

Sterility Sterility status is not needed for this 
software-only device 

Sterility status is not needed for this 
software-only device 

Safety: 
electrical; 
mechanical; 
chemical; 

These safety issues are not applicable to 
this software-only device.   

These safety issues are not applicable to this 
software-only device.   
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Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. DANA - AnthroTronix 

thermal; 
radiation. 
To whom is the 
product 
marketed /target 
audience? 

Healthcare 
Rehabilitation 

Healthcare  
Education 
Pharmaceutical 
Rehabilitation 
Government 

How the device 
differs from 
Predicate device 

Cantab Mobile is similar to DANA in 
terms of technological characteristics, as 
both electronically record objective 
performance accuracy as the patient 
responds to stimuli presented on the screen 
by touching the screen. Cantab Mobile 
differs from DANA in that it provides an 
assessment of episodic memory, compared 
to DANA which assesses attention. Cantab 
Mobile also presents assessments of 
depression and activities of daily living, 
which are not included in DANA.    
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Abstract
The results of a previous study have suggested that
impaired performance on one neuropsychological test,
CANTAB Paired Associates Learning (PAL), may serve as
a marker for preclinical Alzheimer’s disease (AD). In a
group of individuals with ‘questionable dementia’, the
baseline PAL performance was found to correlate signifi-
cantly with subsequent deterioration in global cognitive
function over an 8-month period. The present paper
reports diagnostic outcome data for the same individuals
32 months after the first assessment and evaluates the
predictive diagnostic utility of baseline neuropsychologi-
cal measures. Thirty-two months after joining the study,
11 of the 43 ‘questionable dementia’ patients met the cri-
teria for probable AD diagnosis (‘converters’) and 29
remained free from AD (‘non-converters’). Logistic re-
gression analysis revealed that two tests of memory, in
combination, could be used to predict a later diagnosis of

probable AD with a high level of accuracy [¯2(3) = 47.054,
p ! 0.0001]. As predicted, these tests are measures of
visuospatial learning (CANTAB PAL) and, also, semantic
memory (Graded Naming Test). These two tests in com-
bination appear to be highly accurate in detecting cogni-
tive dysfunction characteristic of preclinical AD. Using
these tests, a simple algorithm is described for calculat-
ing, with 100% accuracy for this sample of 40 patients,
the probability that an individual with mild memory
impairments will go on to receive a diagnosis of proba-
ble AD.

Copyright © 2004 S. Karger AG, Basel

Introduction

Current criteria for the diagnosis of probable Alzheim-
er’s disease (AD) stipulate deterioration in 2 or more
areas of cognition (including memory), of sufficient mag-
nitude to interfere with work or social function [1]. Criti-
cally however, substantial neuropathological change may
have occurred before clinically significant symptoms ap-
pear [2]. Thus, commencing treatment of AD at the time
of clinical diagnosis (whether with anti-amyloid deposit
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agents, cholinergic drugs or putative disease-modifying
agents) may be suboptimal or even ineffective because of
the advanced stage of neurodegeneration at that time. The
identification of cognitive tests that are sensitive to early
pathological changes would facilitate the diagnosis of
patients in a ‘prodromal’ state (i.e. those in whom the
pathological process is present but whose symptoms are
currently subclinical). Such early detection would serve to
maximise the potential therapeutic benefit of treatment,
enhance patient quality of life and, in so doing, reduce the
burden on residential and nursing care services. Conse-
quently, a very high therapeutic and economic premium
is placed on the early detection and diagnosis of AD.

In attempting to identify neuropsychological tests that
are sensitive to the cognitive markers of prodromal AD, it
is critical to ensure that performance on such tests is not
deleteriously affected by other neuropsychiatric com-
plaints that may confuse diagnosis. Furthermore, in order
to achieve maximum diagnostic sensitivity, it is impor-
tant to establish that performance on such tests is neces-
sarily subserved by brain areas directly implicated in AD
neuropathogenesis. Failure to acknowledge these factors
will limit the clinical utility of neuropsychological ap-
proaches to the early detection of AD [3].

The earliest pathological markers of AD, neurofibrilla-
ry tangles and neuropil threads, are first seen in the trans-
entorhinal cortex, before neuropathology later spreads to
the entorhinal cortex and hippocampus proper [4]. Con-
verging evidence from lesion studies in humans [5] and
experimental animals [6, 7] and functional neuro-imaging
studies in normal volunteers [8, 9] suggests that these
brain areas are necessarily involved in visuospatial asso-
ciative learning. Accordingly, it is likely that a decline in
the visuospatial associative learning ability may be a good
candidate marker of early neuropathological abnor-
mality.

Consistent with this hypothesis, previous studies have
demonstrated that the performance of individuals with
mild AD on a test of visuospatial associative learning
[CANTAB Paired Associates Learning (PAL)] was im-
paired relative to both demographically matched healthy
controls [10] and to individuals with a neuropsychiatric
condition that is difficult to differentiate clinically from
early AD (e.g. depression [11]). Furthermore, we have
recently shown [11] that, in a group of individuals with
‘questionable dementia’, baseline PAL results revealed an
apparent subgroup of patients who performed like AD
patients. Performance on PAL was also found to correlate
significantly with subsequent deterioration in global cog-
nitive function over an 8-month period. This is consistent

with the hypothesis that the PAL-impaired subgroup was
suffering from prodromal AD.

The aim of the present analysis was to determine
whether neuropsychological test scores could be used to
accurately identify individuals who were in the preclinical
phase of AD at the time of presentation to a memory
clinic. The present paper reports diagnostic outcome data
for individuals in the questionable-dementia group 32
months after first assessment and evaluates the prognostic
utility of baseline neuropsychological measures.

Methods

All procedures were approved by the relevant local research
ethics committees, and the study was conducted in accordance with
the Declaration of Helsinki [12]. All subjects gave their written
informed consent.

Subjects
Forty-three patients were invited to join the study following their

referral and first consultation at a memory clinic. The sample com-
prised both individuals with subjective complaints of memory loss,
yet showing normal performance on objective tests, as well as indi-
viduals showing objectively identifiable cognitive deficits that were
restricted to memory. Performance on other tests of language and
visuospatial function was within the normal range, and activities of
daily life were preserved. Patient history was corroborated by a col-
lateral source, and clinical dementia rating (based on a semi-struc-
tured interview) was 0.5 in all cases.

At baseline, all subjects were aged between 50 and 80 years (mean
age = 64.83, SEM = 6.30). None of the participants were suffering
from unipolar depression (DSM-IV) [13], nor did they meet criteria
for probable AD (NINCDS-ADRDA) [1] or any other dementia. Par-
ticipants were screened for the following exclusion criteria: extrapy-
ramidal signs or hallucinations; vascular dementias; current cancer
treatment (radiotherapy or chemotherapy); uncontrolled diabetes;
serious head injury requiring surgical intervention. Patients having
suffered cerebrovascular events (e.g. transient ischaemic attack or
stroke) or epilepsy were excluded at the discretion of a senior neurol-
ogist (J.R.H.).

Neuropsychological and Diagnostic Procedures
Each subject participated in 4 periods of assessment at 8-monthly

intervals after referral (baseline, 8, 16 and 24 months B 4 weeks).
Where possible, the subjects were tested at their own home. This
report is based on the data from the baseline neuropsychological
assessment and subsequent diagnostic outcome data.

Assessment comprised a neuropsychological battery consisting of
20 tests, administered in 2 or 3 sessions within 3 weeks of each other,
usually lasting 2 h each. Appropriate counterbalancing was imple-
mented in order to minimise practice and order effects. As a substan-
tial proportion of patients presenting at a memory clinic may be suf-
fering from depression, the results of tests of attention and executive
function are excluded from the present analysis. These tests have pre-
viously been shown to be impaired in depression [11], limiting their
utility as a differential diagnostic tool in a clinical setting.

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Early Detection of Probable Alzheimer’s
Disease

Dement Geriatr Cogn Disord 2004;17:42–48 47

this individual going on to receive a diagnosis of probable
AD within the next 32 months can then be calculated
using the following equation:

probability of AD = e x /(1 + e x ).

Discussion

In an early report from this study [11], we showed that
baseline CANTAB PAL performance correlated signifi-
cantly with the degree of subsequent decline in global cog-
nitive function in individuals with questionable demen-
tia. With the addition of diagnostic outcome data, the
present paper provides crucial confirmatory evidence that
impaired performance on PAL may be used as an accu-
rate marker of the prodrome to clinically diagnosed AD.
Furthermore, with the addition of the GNT, outcome was
predicted with a very high level of accuracy (100% for this
sample of 40 patients).

Sensitivity of the PAL/GNT Model to AD
Neuropathology
The predictive algorithm relating to findings from

these two neuropsychological tests is consistent with what
might be expected for functional deficits in terms of the
known involvement of the medial temporal lobe and
related areas in early AD. The transentorhinal region is a
complex transitional area located between the entorhinal
region proper and the adjacent temporal isocortex. It has
been suggested [26] that damage to this site in early AD
disrupts reciprocal connections with the hippocampal for-
mation and that this disruption underlies deficits in epi-
sodic memory. By contrast, evidence suggests that deficits
in semantic memory (such as object naming) may be
attributable to abnormalities in the temporal neocortex
[27–31]. Thus, we hypothesise that PAL and GNT are
sensitive to early neurodegeneration in the transentorhi-
nal region and the temporal neocortex proper, respective-
ly. Accordingly, we suggest that by combining PAL and
GNT, the model we have proposed is capable of main-
taining diagnostic sensitivity whilst accommodating het-
erogeneity in the locus and spread of early AD pathology
within medial temporal regions.

The validity of using PAL as a key marker for insidious
AD pathology is further supported by the results of two
other recent studies. Fowler et al. [32] found that im-
paired performance on the CANTAB PAL identified the
onset of a progressive decline in memory, preceding both
deterioration of performance on standard neuropsycho-
logical tasks and, ultimately, clinical diagnosis of AD.

Although, in their study, the GNT was not administered,
and considering that the participants were younger and
drawn from a more clinically diverse population than
those participating in our investigation, the similarity of
the findings is very encouraging. Furthermore, De Jager et
al. [33] have recently reported that CANTAB PAL (and to
a lesser extent the GNT) could be used to detect the pres-
ence of memory deficits in elderly individuals whose per-
formance on standard screening measures (MMSE [16]
and CAMCOG [34]) was well within the normal range.
These results suggest that the proposed predictive algo-
rithm incorporating PAL and GNT may be sensitive to
AD even prior to the onset of subjective memory com-
plaints (indicating the potential utility of these two tests as
community-based screening tools).

Specificity of PAL as a Marker for Early AD
Our early report [11] demonstrated that CANTAB

PAL performance is spared in major unipolar depression
[24]. Thus, in the clinic, impaired PAL performance is
unlikely to be attributable to affective disturbance. The
value of PAL in the differential diagnosis of neuropsy-
chiatric conditions is further reinforced by the findings of
a recent study by Lee et al. [35]. This recent study com-
pared PAL performance of individuals with AD with that
of individuals with frontotemporal dementia. In contrast
to AD, frontotemporal dementia was shown to leave the
key aspects of PAL performance largely unimpaired, sug-
gesting that PAL may also be of use in the clinical differ-
entiation of these disorders.

Considerations and Future Directions
It could be suggested that this study was limited by a

restricted sample. However, by recruiting subjects from a
well-defined population at a high risk of converting to
probable AD, fewer participants were needed in order to
detect an acceptable number of prodromal cases. Addi-
tionally, although this study did not involve the analysis
of histopathological data, the NINCDS-ADRDA criteria
for probable AD have previously been shown to accurate-
ly predict the neuropathological outcome [36].

It will be important in future studies to assess the
extent to which the predictive utility of the PAL/GNT
model performance is maintained in wider clinical and
non-clinical populations. Additionally, we look forward
to evaluating the extent to which novel techniques such as
benzothiazole amyloid imaging [37] can usefully comple-
ment this neuropsychological approach, both in the con-
text of early detection and treatment evaluation.
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In summary, the results of the present investigation
indicate that CANTAB PAL and the GNT are of major
utility in the early and differential diagnosis of probable
AD and are practical tools for use in the clinic.
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Early detection of isolated memory deficits in the

elderly: the need for more sensitive

neuropsychological tests
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ABSTRACT

Background. Early detection of cognitive decline in the elderly is important because this may
precede progression to Alzheimer’s disease. The aim of this study was to see whether sensitive
neuropsychological tests could identify pre-clinical cognitive deficits and to characterize the
cognitive profile of a subgroup with poor memory.

Methods. A neuropsychological test battery was administered to a community-dwelling sample of
155 elderly volunteers who were screened with CAMCOG at enrolment (mean age 74±7 years). The
battery included tests of episodic memory, semantic and working memory, language and processing
speed.

Results. Episodic memory test z scores below 1 .. from the cohort mean identified 25 subjects with
‘non-robust ’ memory performance. This group was compared to the remaining ‘robust memory’
group with a General Linear Model controlling for age, IQ, education and gender. Test
performance was significantly different in all tests for episodic and semantic memory, but not in tests
for working memory, processing speed and language. CANTAB paired associates learning and
spatial recognition tests identified the highest percentages of those in the ‘non-robust memory’
group. Processing speed partialled out the age effect on memory performance for the whole cohort,
but the ‘non-robust memory’ group’s performance was not associated with age or processing speed.

Conclusions. Sensitive neuropsychological tests can detect performance below the norm in elderly
people whose performance on MMSE and CAMCOG tests is well within the normal range. Age-
related decline in memory performance in a cohort of the elderly may be largely due to inclusion
within the cohort of individuals with undetected pre-clinical Alzheimer’s disease or isolated memory
impairment.

INTRODUCTION
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Predicting Cognitive
Decline in Healthy
Older Adults

Celeste De Jager, Ph.D.
Andrew D. Blackwell, Ph.D.
Marc M. Budge, M.D.
Barbara J. Sahakian, Ph.D.

Objective: Authors performed a neuropsychological
determination of which individuals in a group of
community-dwelling, healthy elderly volunteers would
develop cognitive decline. Methods: A group of 155
volunteers reporting good memory and thinking par-
ticipated in a prospective study over 4 years. Authors
monitored cognitive functioning and incidence of
Mild Cognitive Impairment (MCI)/Alzheimer disease
(AD). Results: Baseline assessment revealed a sub-
group of participants with deficits in associative learn-
ing and naming; subsequent cognitive decline was
more precipitous in these individuals, who also
showed higher relative risk of MCI/AD. Conclusion:
Cognitive measures may be useful in community and
clinical dementia screening and applicable for iden-
tifying enriched samples for trials of anti-dementia
treatments. (Am J Geriatr Psychiatry 2005; 13:735–740)
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Computerized neuropsychological tests in the early
detection of dementia: Prospective findings
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(Received November 9, 1995; Accepted April 25, 1996)

Abstract

This longitudinal study examines the sensitivity of 2 computerized neuropsychological tests, delayed matching to
sample and paired associate learning, to early dementia of the Alzheimer type (DAT). Normal controls, patients in
the early stages of DAT, and individuals with questionable dementia (QD) were studied. At 6 and 12 months after
initial presentation, almost half of the QD group exhibited lower scores on the computerized subtests, maintaining
their scores on standard testing. Over the same period NC subjects maintained their performance levels, while DAT
patients continued to deteriorate. Linear discriminant function analyses of the computerized subtests at 6 and 12
months correctly classified 100% of the early DAT patients. Eighty-four and 79 percent of normal controls were
correctly classified at 6 and 12 months respectively. Further development of these subtests for the detection of early
dementia and the documentation of ongoing change in DAT is warranted. The findings are discussed in terms of the
special sensitivity of these tests to the neuropathology of Alzheimer’s Disease. (JINS, 1997, 3, 139–146.)

Keywords: Computerized neuropsychological testing, Dementia of the Alzheimer type, Questionable dementia,
Discriminant function analysis, Hippocampus

INTRODUCTION
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Paired associate performance in the early
detection of DAT
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Abstract

Subjects underwent longitudinal neuropsychological assessment in order to retrospectively determine which
measures of cognitive function best predicted later development of dementia of the Alzheimer type (DAT). Three
groups of subjects were studied: normal controls, patients with early DAT, and questionable dementia subjects (QD).
All subjects were assessed using a battery of standard neuropsychological measures and two subtests from the
Cambridge Neuropsychological Test Automated Battery (CANTAB), paired associate learning and delayed matching
to sample. A structured interview was also used to elicit a profile of the subject’s daily functioning. Subjects were
assessed every 6 months for 2 years. At the 6 month assessment, almost half of the QD group exhibited significant
deterioration in scores on the computerized paired associate learning subtest, while maintaining their scores on
standard measures. At the conclusion of the study, all of this QD subgroup fulfilled the NINCDS–ADRDA criteria
for probable DAT pertaining to significant cognitive and functional deterioration. Performance on the CANTAB
paired associate learning subtest identified the onset of progressive memory deterioration in a subgroup of QD
subjects. In almost all cases this was well before significant deterioration was noted on standard neuropsychological
measures. Paired associate learning performance may therefore be a valuable tool for the early, preclinical detection
and assessment of DAT. (JINS, 2002, 8, 58–71.)

Keywords: Alzheimer’s disease, Questionable dementia, Neuropsychology, CANTAB, Hippocampus
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A bs tr ac t

Background

Dementia affects a large and growing number of older adults in the United States. 
The monetary costs attributable to dementia are likely to be similarly large and to 
continue to increase.

Methods

In a subsample (856 persons) of the population in the Health and Retirement Study 
(HRS), a nationally representative longitudinal study of older adults, the diagnosis 
of dementia was determined with the use of a detailed in-home cognitive assess-
ment that was 3 to 4 hours in duration and a review by an expert panel. We then 
imputed cognitive status to the full HRS sample (10,903 persons, 31,936 person-
years) on the basis of measures of cognitive and functional status available for all 
HRS respondents, thereby identifying persons in the larger sample with a high 
probability of dementia. The market costs associated with care for persons with 
dementia were determined on the basis of self-reported out-of-pocket spending and the 
utilization of nursing home care; Medicare claims data were used to identify costs 
paid by Medicare. Hours of informal (unpaid) care were valued either as the cost of 
equivalent formal (paid) care or as the estimated wages forgone by informal care-
givers.

Results

The estimated prevalence of dementia among persons older than 70 years of age in 
the United States in 2010 was 14.7%. The yearly monetary cost per person that was 
attributable to dementia was either $56,290 (95% confidence interval [CI], $42,746 
to $69,834) or $41,689 (95% CI, $31,017 to $52,362), depending on the method used 
to value informal care. These individual costs suggest that the total monetary cost of 
dementia in 2010 was between $157 billion and $215 billion. Medicare paid approxi-
mately $11 billion of this cost.

Conclusions

Dementia represents a substantial financial burden on society, one that is similar 
to the financial burden of heart disease and cancer. (Funded by the National Insti-
tute on Aging.)

The New England Journal of Medicine 
Downloaded from nejm.org on March 17, 2016. For personal use only. No other uses without permission. 
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Costs of Dementia in the United States

n engl j med 368;14 nejm.org april 4, 2013 1327

Dementia, a chronic disease of ag-

ing characterized by progressive cogni-
tive decline that interferes with indepen-

dent functioning,1 affects a large and growing 
number of older adults in the United States.2,3 
Citing the growing effect of dementia on pa-
tients, families, and the health care and long-
term care systems, President Barack Obama 
signed the National Alzheimer’s Project Act into 
law in January 2011. One goal of the law is to im-
prove the ability of the federal government to 
track the monetary costs incurred by individuals 
and public programs, such as Medicare and Med-
icaid, that result from dementia.4

Accurately identifying the monetary costs at-
tributable to dementia is challenging. First, per-
sons with dementia are likely to have more co-
existing chronic health problems than those 
without dementia, because they tend to be older 
and because certain diseases (e.g., stroke and 
depression) are more common in persons with 
dementia.5 Thus, adjusting for the presence of 
these coexisting conditions is important in esti-
mating the costs due to dementia alone, as op-
posed to the total costs for the population with 
dementia. Second, informal caregiving, the un-
paid care provided by family and friends, in the 
form of assistance with activities of daily living 
(ADLs), is an important component of the sup-
port required by those with dementia,6 yet it is 
unclear how to attribute a monetary cost to an 
informal caregiver’s time.7

Given the aging of the population and the 
concomitant rise in the prevalence of dementia, 
the current uncertainty regarding the costs as-
sociated with dementia, and the recent focus of 
the federal government on developing a coordi-
nated plan to address the growing effects of 
dementia, we sought to determine its monetary 
costs in the Health and Retirement Study (HRS).

ME THODS

Study Design

The HRS is a nationally representative longitudi-
nal survey of persons 51 years of age or older that 
began in 1992.8 Because the HRS lacks a direct 
measure of dementia status, a subset of 856 HRS 
respondents underwent a detailed in-home clini-
cal assessment for dementia, 3 to 4 hours in du-
ration, as part of the Aging, Demographics, and 

Memory Study (ADAMS), a nationally representa-
tive study of dementia in the United States.2,9

We used data on cognition and functional 
limitations from the HRS survey itself to esti-
mate a three-category, ordered probit model10 of 
the probability that an ADAMS respondent had 
dementia, had cognitive impairment but not 
dementia, or was aging normally. These data on 
cognition and functional limitations were avail-
able for all HRS respondents, not just the ADAMS 
respondents. For self-respondents, the HRS as-
sesses cognitive function using a modified ver-
sion of the Telephone Interview for Cognitive 
Status (TICS), a validated cognitive screening 
instrument designed for population-based stud-
ies.11-14 For respondents represented by a proxy 
in the HRS, cognitive function was assessed with 
the use of the Informant Questionnaire on Cog-
nitive Decline in the Elderly (IQCODE), a vali-
dated instrument consisting of 16 questions that 
address the respondent’s memory and ability to 
function independently.14,15 See the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org, for details on these variables 
(Table S1 in the Supplementary Appendix) and 
for additional details on other data, methods, 
and results.

The HRS assesses whether respondents have 
limitations in the ability to perform six ADLs 
(eating, transferring [e.g., from a bed to a chair], 
toileting, dressing, bathing, and walking across 
a room) and five instrumental activities of daily 
living (IADLs; preparing meals, grocery shop-
ping, making telephone calls, taking medications, 
and managing money).16 We estimated the prob-
ability model over the ADAMS subsample using 
data from prior HRS interviews. To explain cog-
nitive status, we used the variables of age, educa-
tional level, sex, ADL limitations, IADL limita-
tions, and scores on TICS items (identification 
of the current date, backward counting from 20, 
subtracting by serial 7s, word naming, identifi-
cation of the current U.S. president, immediate 
word recall, and delayed word recall) from the HRS 
interview immediately preceding the ADAMS 
assessment, and changes in ADL limitations, in 
IADL limitations, and in scores on TICS items 
from the two preceding HRS surveys. For HRS 
respondents represented by a proxy, a similar 
model was estimated with the use of the 
 IQCODE.
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To assess the within-sample fit of the model, 
we assigned a cognitive status of dementia if the 
fitted probability of dementia was greater than 
the fitted probability of normal aging or of cog-
nitive impairment but not dementia. On the basis 
of this assignment, the within-sample fit was 
good: the specificity for dementia was 89.8% 
and the sensitivity was 77.9%. Overall, 85.7% of 
cases were correctly classified. We conducted a 
further validation by making out-of-sample predic-
tions of dementia status for a subset of ADAMS 
respondents who were reassessed several years 
after the initial assessment. On follow-up, pro-
gression to dementia was found in 14.9% of re-
spondents; our model predicted 13.9%. We then 
used this statistical model to estimate the prob-
ability of dementia for all HRS respondents older 
than 70 years of age in five HRS surveys (span-
ning the period from 2000 through 2008). See 
the Supplementary Appendix for further analy-
ses of model performance.

Measures of Cost of Care

Out-of-Pocket Spending
The HRS asks respondents about health care uti-
lization and coverage, and whether they have in-
curred any out-of-pocket health care expenses for 
the following services or items: nursing home 
stays, hospital stays, medical visits, outpatient sur-
gery, home health care, special services (e.g., out-
patient rehabilitation), prescription drugs, and den-
tal services. Total annual out-of-pocket spending 
and spending according to type of care were 
computed for each year in the study period. All 
spending measures were converted to 2010 dol-
lars with the use of the medical care Consumer 
Price Index.

Spending by Medicare
Information on Medicare spending is available 
for HRS respondents who have agreed to linkage 
of their Medicare claims records and who were 
enrolled in fee-for-service plans (approximately 
70% percent of persons in our study population). 
These records have enrollment information and 
data on total annual payments by Medicare for 
durable-medical-equipment purchases, skilled 
nursing-facility care, hospice care, inpatient care, 
outpatient care, care provided by home health 
agencies, and care provided by noninstitutional 
providers of medical care.

Net Nursing Home Spending
We used the self-reported number of nights spent 
in a nursing home and nightly nursing home fees 
to estimate total nursing home spending, distin-
guishing fees according to state of residence and 
distinguishing between rates paid by Medicaid17-23 
and those paid by other third parties.24 We re-
duced total nursing home spending by 8% be-
cause a portion of nursing home fees cover food 
and housing; such costs have to be paid whether 
or not someone has dementia and are therefore 
not attributable to dementia.

Formal and Informal Home Care
Information on the receipt of in-home assistance 
by persons with limitations in ADLs or IADLs was 
used to generate the average number of hours of 
care provided to persons at home. Caregiving is 
classified as “informal” when the caregiver is a 
relative or an unpaid nonrelative with no agency 
affiliation. All other care, whether obtained 
through an agency or provided by someone hired 
directly, is classified as “formal.”25 The methods 
used to calculate total hours of care have been 
described in earlier work 6 and are briefly sum-
marized in the Supplementary Appendix.

To estimate the monetary value of formal care, 
we used 2010 average hourly rates charged by 
home health agencies in the respondent’s state 
of residence.24 We used two approaches to esti-
mate the monetary cost of informal care. The 
“replacement cost” approach values care by us-
ing the cost of an equivalent service purchased 
in the market through a home health agency.7 
The “forgone wage” approach bases the valuation 
on the labor-market income forgone because of 
time spent on caregiving. For employed caregivers, 
we used the market wages reported by respon-
dents in each HRS survey. Because most caregiv-
ers are not employed, we used average wages for 
persons with similar demographic characteris-
tics (sex and, when reported, age and educa-
tional level). To account for the fact that many 
caregivers are elderly and out of the work force, 
we scaled down the imputed wages by multiply-
ing by the rate of labor-force participation in the 
same demographic group, an approach that rec-
ognizes that many caregivers would not work 
even if they were not providing caregiving ser-
vices. Our method estimates the loss of income 
and productive services to the market economy. 
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It does not measure the loss of well-being asso-
ciated with alternative uses of caregiver time.

Estimation of the Cost Attributable 
to Dementia

Persons with dementia have more coexisting con-
ditions than those without dementia, conditions 
that by themselves lead to greater costs. To isolate 
the costs attributable to dementia, we estimated 
multivariate regression models that related a 
given cost component to the imputed probability 
of dementia, to coexisting conditions (stroke, 
diabetes, heart disease, hypertension, lung dis-
ease, cancer, psychiatric problems, and arthritis), 
and to demographic characteristics (age, house-
hold income, educational level, sex, and marital 
status). For details of these analyses, see Tables 
S6 through S10 in the Supplementary Appendix. 
We interpreted the estimated coefficient for the 
probability of dementia as the increase in costs 
associated with a change in the probability of de-
mentia from 0 to 1.0, holding coexisting condi-
tions and demographic characteristics constant.

We estimated two measures of the cost at-
tributable to dementia. The first includes costs 
for care purchased in the market and is equal to 
the sum of the estimated increases in cost as-
sociated with dementia for out-of-pocket spend-
ing, Medicare spending, nursing home spending, 
and spending on in-home care. These estimates 
come from the multivariate models discussed 
above. The second measure adds in the monetary 
value of time spent by unpaid caregivers that is 
attributable to dementia, calculated as either the 
replacement cost or the cost of forgone wages.

R ESULT S

Probability of Dementia

The average predicted probability of dementia, 
stratified according to personal and household 
characteristics, is shown in Table 1. Nonwhite 
race or ethnic group, female sex, single status, 
older age, lower educational level, and lower house-
hold income were associated with an increased 
likelihood of dementia (P<0.001 for all compari-
sons). Persons with one or more limitations in 
ADLs or IADLs were also more likely to have de-
mentia, as were those who had a history of stroke 
or who had heart disease or a psychiatric condi-
tion (P<0.001 for all comparisons). However, per-

sons who had a history of cancer were less likely 
to have dementia (P<0.001). The cost implications 
of these differences in demographic characteris-
tics and coexisting conditions suggest the neces-
sity of accounting for them in attributing costs to 
dementia.

Estimated Cost per Person with dementia

Estimates of the yearly per-person costs attribut-
able to dementia, both with and without adjust-
ment for coexisting conditions and demographic 
characteristics, are shown in Table 2. Dementia 
was associated with a cost of $33,329 for care 
purchased in the market (95% confidence inter-
val [CI], $24,223 to $42,434). That is, someone with 
a probability of dementia of 1.0 would be expected 
to incur $33,329 more in health care costs than 
someone whose probability of dementia was zero, 
when costs were aggregated over all payers. Ad-
justment for coexisting conditions and demo-
graphic characteristics reduced the cost estimate 
to $28,501 (95% CI, $20,881 to $36,122), a reduc-
tion of approximately 14%. The adjustments re-
duced attributable out-of-pocket spending and 
costs for formal home care and nursing home 
care by 3 to 18%, but the adjustments reduced 
attributable Medicare costs by 47%. On the basis 
of adjusted values, the most important attribut-
able cost was for nursing home care (approxi-
mately $13,900), followed by out-of-pocket spend-
ing (approximately $6,200), formal home care 
(approximately $5,700), and Medicare (approxi-
mately $2,700).

The monetary value of informal home care 
attributable to dementia did not vary substantial-
ly when controlled for coexisting conditions and 
demographic characteristics. However, it varied 
by a factor of more than 2 when calculated on 
the basis of the replacement cost as compared 
with the cost of forgone wages.

After adjustment for coexisting conditions and 
demographic characteristics, the attributable year-
ly cost per person, including both the cost of 
care purchased in the marketplace and the cost 
of informal care, was $41,689 (95% CI, $31,017 
to $52,362) when the valuation of forgone wages 
was used and $56,290 (95% CI, $42,746 to 
$69,834) when the valuation of replacement cost 
was used. Calculating the value of informal home 
care in terms of forgone wages yielded an esti-
mate of the cost of unpaid caregiving that was 
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31% of the total cost; calculating the value of 
informal home care in terms of the replacement 
cost yielded an estimate of 49%.

Estimated Total Costs

Estimates of the total cost of dementia to the 
U.S. economy now and in the future are shown in 
Table 3. To estimate these costs, we combined the 
adjusted cost per person with dementia shown 
in Table 2 with prevalence rates from ADAMS 
and population projections from the U.S. Census. 
For 2010, this estimation yielded a prevalence 
of 14.7% in the population older than 70 years of 

age and an annual population cost of $109 bil-
lion for care purchased in the market, with a cost 
of $159 billion to $215 billion when the estimat-
ed monetary value of informal care was included. 
By 2040, assuming that prevalence rates and 
cost per person with dementia remain the same, 
our estimates suggest that these costs will more 
than double because of the aging of the popula-
tion. Although the ability to pay these costs will 
be ameliorated somewhat by a growing popula-
tion, they are still expected to increase by 79% 
when calculated per adult (with adults defined as 
persons 18 years of age or older).

Table 1. Probability of Dementia According to the Characteristics of the Study Population.*

Characteristic Distribution
Probability of Dementia 

(95% CI)
P Value for Comparison 
with Reference Group

percent

Race or ethnic group†

White 86.7 0.097 (0.093–0.101) Reference group

Hispanic 4.4 0.168 (0.149–0.187) <0.001

Other 8.9 0.184 (0.170–0.199) <0.001

Sex

Female 60.7 0.121 (0.116–0.127) Reference group

Male 39.3 0.088 (0.082–0.093) <0.001

Marital status

Married 45.9 0.065 (0.061–0.069) Reference group

Unmarried 54.1 0.145 (0.138–0.151) <0.001

Age

71–74 yr 23.3 0.028 (0.026–0.031) Reference group

75–79 yr 31.7 0.049 (0.045–0.053) <0.001

80–84 yr 24.1 0.130 (0.123–0.137) <0.001

85–89 yr 14.2 0.203 (0.192–0.215) <0.001

≥90 yr 6.7 0.385 (0.365–0.406) <0.001

Educational level

Less than high-school graduate 32.2 0.159 (0.151–0.167) Reference group

High-school graduate 33.1 0.103 (0.096–0.110) <0.001

Some college or more 34.7 0.066 (0.060–0.071) <0.001

Household income

<$15,000 28.3 0.183 (0.174–0.191) Reference group

$15,000–$29,999 31.8 0.104 (0.098–0.110) <0.001

$30,000–$44,999 17.4 0.069 (0.063–0.074) <0.001

$45,000–$59,999 8.7 0.062 (0.054–0.070) <0.001

$60,000–$74,999 4.6 0.049 (0.041–0.058) <0.001

≥$75,000 9.3 0.041 (0.035–0.046) <0.001
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Table 1. (Continued.)

Characteristic Distribution
Probability of Dementia 

(95% CI)
P Value for Comparison 
with Reference Group

percent

Limitations in ADLs or IADLs

No 65.1 0.042 (0.040–0.044) Reference group

Yes 34.9 0.231 (0.222–0.240) <0.001

Coexisting conditions

None 6.4 0.091 (0.079–0.103) Reference group

Stroke 13.5 0.182 (0.169–0.195) <0.001

Diabetes 19.1 0.106 (0.099–0.114) 0.602

Heart disease 35.9 0.118 (0.112–0.124) <0.001

Hypertension 62.3 0.106 (0.102–0.111) 0.235

Lung disease 11.8 0.104 (0.093–0.114) 0.407

Cancer 19.7 0.088 (0.081–0.096) <0.001

Psychiatric condition 14.6 0.187 (0.174–0.201) <0.001

Arthritis 69.6 0.107 (0.103–0.112) 0.615

* Data are based on a total of 31,936 person-years. For each characteristic, such as sex and marital status, the probability 
of dementia was calculated from the regression of the predicted probability of dementia on indicator variables for the cat-
egories taken by that characteristic, such as “male” and “female” in the case of sex and “unmarried” and “married” in
the case of marital status. P values reflect the null hypothesis that the probability of dementia is the same as that for
the reference group. CI denotes confidence interval.

† Race or ethnic group was reported by respondents in the Health and Retirement Study.

DISCUSSION

We used nationally representative data to docu-
ment comprehensively the incremental increase 
in costs attributable to dementia that arise from 
market transactions for goods and services as 
well as the costs of unpaid caregiving. We found 
that dementia leads to total annual societal costs 
of $41,000 to $56,000 per case, with a total cost 
of $159 billion to $215 billion nationwide in 2010. 
Our calculations suggest that the aging of the 
U.S. population will result in an increase of near-
ly 80% in total societal costs per adult by 2040.

The main component of the costs attributable 
to dementia is the cost for institutional and 
home-based long-term care rather than the costs 
of medical services — the sum of the costs for 
nursing home care and formal and informal 
home care represent 75 to 84% of attributable 
costs. Our estimate places dementia among the 
diseases that are the most costly to society. The 
cost for dementia care purchased in the market-
place ($109 billion) was similar to estimates of 
the direct health care expenditures for heart dis-

ease ($96 billion in 2008, or $102 billion in 2010 
dollars) and significantly higher than the direct 
health care expenditures for cancer ($72 billion 
in 2008, or $77 billion in 2010 dollars).26 These 
costs do not include the costs of informal care, 
which are likely to be larger for dementia than 
for heart disease or cancer.

Although the costs attributable to dementia 
reported here are large, they are considerably 
smaller than those reported by the Alzheimer’s 
Association,27 which has estimated that in 2010 
the monetary costs alone were $172 billion (2010 
dollars) as compared with our estimate of $109 
billion. There are several reasons for this higher 
estimate. It is likely that the cost per case re-
ported by the Alzheimer’s Association is higher 
because it was estimated on the basis of a sam-
ple from a more severely impaired population 
(persons identified in the Medicare Current Ben-
eficiary Survey as having dementia). The higher 
cost is also based on a significantly larger esti-
mate of the prevalence of dementia.27 The na-
tional prevalence of dementia used by the Alz-
heimer’s Association is derived from a study of 
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three Chicago neighborhoods.28 The diagnostic 
criteria for dementia used in that study did not 
require the presence of a limitation in ADLs or 
IADLs (a criterion that was used in ADAMS), a 
factor that probably led to the substantially higher 

estimate of the prevalence of dementia in the 
Chicago study.29 Finally, the cost estimate from 
the Alzheimer’s Association was not adjusted for 
the costs of coexisting conditions.27

Our analysis has several potential weaknesses. 

Table 3. Projected Total and Per-Person Annual Monetary Costs of Dementia in the United States, in 2010 Dollars.*

Cost and Year
Care Purchased 
in Marketplace Total Cost According to Valuation of Cost of Informal Care

Replacement Cost 
(95% CI)

Cost of Forgone Wages 
(95% CI)

Total cost (billions of $)

2010 109 (86–132) 215 (171–259) 159 (126–192)

2020 129 (102–156) 255 (204–306) 189 (150–228)

2030 183 (145–221) 361 (289–434) 267 (212–322)

2040 259 (204–314) 511 (408–615) 379 (300–457)

Total per-person cost ($)

2010 464 (416–511) 915 (825–1006) 678 (610–746)

2020 498 (445–550) 983 (882–1083) 728 (652–804)

2030 640 (569–712) 1,264 (1,128–1,400) 936 (833–1,039)

2040 831 (733–929) 1,641 (1,455–1,826) 1,215 (1,074–1,356)

* Confidence intervals, estimated with the use of bootstrapping, account for the sampling error in estimates of the effect
of dementia on spending and in the prevalence of dementia but treat population projections as nonrandom. Per-person
costs are total population costs divided by the number of persons 18 years of age or older.

Table 2. Yearly Cost per Person Attributed to Dementia, in 2010 Dollars.

Variable Yearly Cost per Person (95% CI)

Unadjusted

Adjusted for Demographic 
Characteristics and 

Coexisting Conditions

dollars

Care purchased in marketplace

Total out-of-pocket spending 6,838 (4,854–8,821) 6,194 (4,522–7,866)

Total Medicare spending 5,226 (3,086–7,365) 2,752 (1,116–4,389)

Net formal home care 6,888 (4,775–9,000) 5,678 (3,739–7,618)

Nursing home care (excluding payments by Medicare and 
out-of-pocket spending)

14,377 (10,016–18,739) 13,876 (9,769–17,983)

Total 33,329 (24,223–42,434) 28,501 (20,881–36,122)

Informal home care

Caregiving time valued according to replacement cost 30,839 (23,578–38,099) 27,789 (21,112–34,466)

Caregiving time valued according to cost of forgone wages 14,591 (10,910–18,273) 13,188 (9,636–16,740)

Grand total

Care purchased in marketplace plus caregiving time valued 
according to replacement cost

64,168 (48,406–79,928) 56,290 (42,746–69,834)

Care purchased in marketplace plus caregiving time valued 
according to cost of forgone wages

47,920 (35,433–60,406) 41,689 (31,017–52,362)
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First, as with all clinical assessments, the ADAMS 
diagnosis is subject to classification error, but a 
prior study that validated the ADAMS diagnostic 
methods with the use of neuropathological find-
ings30 and a meta-analysis of 27 studies of the 
incidence of dementia31 suggest that the ADAMS 
approach achieves a diagnostic accuracy that is 
similar to that achieved by a reference standard 
for clinical evaluation. Second, we imputed de-
mentia status to the entire HRS population 
rather than obtaining an actual clinical diagno-
sis for each respondent. Nonetheless, both the 
within-sample performance of the imputation 
model and the close correspondence between 
out-of-sample predictions based on our model and 
the follow-up assessments in ADAMS increase our 
confidence in the validity of our model. Further-
more, estimates of out-of-pocket spending based 
only on the ADAMS clinical assessments were 
similar to those reported here, but the ADAMS 
estimates had larger standard errors, reflecting 
its smaller sample.32 Third, self-reported costs 
of care may be subject to inaccuracies. Fourth, 
we were not able to include attributable costs paid 
by Medigap policies. However, a rough estimate 
indicates that these costs are small and would 
not materially change our conclusions. Fifth, the 

costs of informal care are a major contributor to 
costs — yet attribution is difficult. For this rea-
son, we presented a range of estimates. Sixth, re-
garding our cost forecasts, we assumed that the 
real cost per case of dementia will remain con-
stant. Although the costs of health care services 
have increased faster than the rate of inflation, 
the majority of costs attributable to dementia are 
related to the informal and formal care provided 
to address limitations in ADLs and IADLs, and 
much of that care is provided by low-wage work-
ers. Wages in the lower part of the wage distri-
bution have been stable or have even decreased 
in real terms, so we believe our assumption is 
reasonable. Finally, we could not conduct a de-
tailed assessment of attributable costs according 
to payer because we lacked a linkage to Medicaid 
records. From the perspective of public policy, 
such information would be valuable.
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normal. In the meantime, a revised view of the disease has been developed, in which both AD
pathological processes and clinical decline occur gradually, with dementia representing the
end stage of many years of accumulation of these pathological changes. An additional feature
of the current view of AD is that these changes begin to develop decades before the earliest
clinical symptoms occur.

Biomarkers, both chemical and imaging, are indicators of specific changes that characterise
AD in vivo. Evidence suggests that these AD biomarkers do not reach abnormal levels or peak
simultaneously but do so in an ordered manner. Measurement of these biomarkers in
longitudinal observational studies is now commonplace, enabling investigators to establish the
correct ordering of the relevant biomarkers and their relationships to clinical symptoms.

For biomarkers of AD to be used effectively for disease staging, the time-dependent ordering
of biomarkers must be thoroughly understood. This is particularly true since the introduction
of clinical trials of disease-modifying therapies in which disease biomarkers play an
increasingly important part both as outcome measures and as inclusion criteria. We will review
the five most well validated AD biomarkers. We then propose a hypothetical model of the time-
dependent ordering of onset and maxima of these biomarkers. The purpose of this paper is to
offer this model as a conceptual construct within which research studies from different
disciplines can relate to one another through a common framework. The model suggests a series
of testable hypotheses from which a clearer picture of the time-dependent trajectories of AD
biomarkers relative to clinical disease stage and to each other can be derived.

AD clinical features and pathological changes
Dementia is the clinically observable result of the cumulative burden of multiple pathological
insults in the brain. Most elderly patients with dementia have multiple pathological changes
underlying their dementia; however, the most common pathological substrate is AD.1,2

The clinical disease stages of AD have been divided into three phases. First is a pre-
symptomatic phase in which individuals are cognitively normal but some have AD pathological
changes. To some extent, labelling these individuals as having pre-symptomatic AD is a
hypothesis rather than a statement of fact, because some of these individuals will die without
ever expressing clinical symptoms.3–5 The hypothetical assumption is that an asymptomatic
individual with pathological changes that are indicative of AD would ultimately have become
symptomatic if he or she lived long enough. Second is a prodromal phase of AD, commonly
referred to as mild cognitive impairment (MCI),6 which is characterised by the onset of the
earliest cognitive symptoms (typically deficits in episodic memory) that do not meet the criteria
for dementia. The severity of cognitive impairment in the MCI phase of AD varies from the
earliest appearance of memory dysfunction to more widespread dysfunction in other cognitive
domains. The final phase in the evolution of AD is dementia, defined as impairments in multiple
domains that are severe enough to produce loss of function.

Recent recommendations have suggested redefining research criteria for AD by labelling
individuals with memory impairment plus accompanying biomarker evidence of AD as having
early AD.7 These investigators propose eliminating the distinction between pre-dementia (ie,
MCI) and dementia, but this is not uniformly accepted because the label “dementia” serves a
practical role in clinical practice. A clinical diagnosis of dementia is a clear indication to both
the patient and family that the patient has a disorder that precludes independent living and has
a decidedly worse prognosis than do milder forms of cognitive impairment, and implies that
he or she is on an inevitable course toward complete loss of independence.

The concept of using biomarkers for early diagnostic purposes has a long history, with many
studies showing that AD biomarkers can be used to predict conversion from MCI to AD. These
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prediction studies show that individuals destined to develop AD can be identified earlier in the
disease course by use of the MCI designation with the addition of imaging and CSF biomarkers
to enhance diagnostic specificity.8–13 However, at present, the clinical diagnosis of AD
requires the presence of dementia.14

A widely accepted assumption is that AD begins with abnormal processing of amyloid
precursor protein (APP), which then leads to excess production or reduced clearance of β-
amyloid (Aβ) in the cortex.15 All known forms of autosomal-dominant AD involve genes that
either encode APP itself, or encode protease subunits (PS1 and PS2) that are involved in the
cleavage of Aβ from APP to generate amyloidogenic Aβ peptides. By unknown mechanisms,
but possibly as a result of the toxic effects of Aβ oligomers,16 one or more forms of Aβ leads
to a cascade characterised by abnormal tau aggregation, synaptic dysfunction, cell death, and
brain shrinkage.17

The abnormal protein deposits that characterise AD pathologically are well known: Aβ plaques
and neurofibrillary tangles (NFTs) formed by hyperphosphorylated tau. Neurodegeneration is
as important as these hallmark pathological lesions of AD, and manifests as atrophy, neuron
loss, and gliosis, which are routinely noted in research post-mortem examinations. Although
the loss of synapses also is highly significant for the clinical manifestations of AD, this is
difficult to assess without the use of labour-intensive morphometric methods, so it is not
routinely measured in most AD research centres. Neurodegeneration and NFT deposition are
both neuronal processes and occur in roughly the same topographic distribution. Aβ plaques
are extracellular and occur in a different, but to some degree overlapping, topographic
distribution from NFT and neurodegenerative pathological changes.

Clinical symptoms are more closely related to NFTs than to plaque formation.18,19 However,
the most direct pathological substrate of clinical symptoms is neurodegeneration, and most
specifically synapse loss.20 Recent autopsy data have confirmed that gross cerebral atrophy
(indicating the loss of synapses and neurons), and not Aβ or NFT burden, is the most proximate
pathological substrate of cognitive impairment in AD.5

Panel: Imaging and CSF biomarker categories in Alzheimer’s disease

Brain Aβ-plaque deposition
• CSF Aβ1–42

• PET Aβ imaging

Neurodegeneration
• CSF tau

• Fluorodeoxyglucose-PET

• Structural MRI

Aβ=β-amyloid.

Biomarkers of AD
Biomarkers are variables (physiological, biochemical, anatomical) that can be measured in
vivo and that indicate specific features of disease-related pathological changes. We have used
the term “biomarker” to denote both imaging and biospecimen (ie, CSF) measures. We will
focus on the five most widely studied biomarkers of AD pathology, based on the current
literature: decreased CSF Aβ42, increased CSF tau, decreased fluorodeoxyglucose uptake on
PET (FDG-PET), PET amyloid imaging, and structural MRI measures of cerebral atrophy.
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Each of these five biomarkers is well validated enough to be used in currently active therapeutic
trials and large multisite observational studies. Other potential AD biomarkers are summarised
elsewhere,21,22 and are not discussed here. We briefly review the evidence supporting the
position that each of these biomarkers is an in vivo indicator of a specific aspect of AD
pathology (panel).

Biomarkers of Aβ-plaque deposition
Both CSF Aβ42 and amyloid PET imaging are biomarkers of brain Aβ plaque deposition.
Nearly all patients who have a clinical diagnosis of AD have positive amyloid imaging studies.
23–25 Excellent correspondence has been seen between Pittsburgh compound B (PiB) binding
and fibrillar Aβ deposition in the brain (or cerebral vasculature) in most,26,27 but not all,28
patients who have undergone ante-mortem PiB-PET imaging and autopsy. PiB specifically
binds to fibrillar Aβ, and not to soluble Aβ or to diffuse plaques.26,27 Low concentrations of
CSF Aβ42 correlate with both the clinical diagnosis of AD and Aβ neuropathology at autopsy.
29–31 Nearly 100% concordance is present between abnormally low CSF Aβ42 and positive
PiB amyloid imaging findings in patients who have undergone both tests.32–35 The evidence
therefore strongly supports the notion that both amyloid imaging and low CSF Aβ42 are valid
biomarkers of brain Aβ-plaque load.

Biomarkers of neurodegeneration
CSF tau is an indicator of tau pathological changes and associated neuronal injury. Although
phosphotau might be a more specific indicator of AD, concentrations of both phosphotau and
total tau increase in AD.36 Increased CSF tau is not specific for AD, but does correlate with
clinical disease severity, with higher concentrations associated with greater cognitive
impairment in individuals on the normal–MCI–AD cognitive spectrum.37 In general, increases
in CSF tau seem to indicate neuronal damage, and are seen in ischaemic and traumatic brain
injury.38,39 In AD, increased tau in the CSF is thought to occur as a direct result of tau
accumulation in neurons, particularly axons; this disrupts neuronal activity and causes release
into the extracellular space of cytoskeletal elements, including tau, which then appear in the
CSF.40,41 Increased CSF tau correlates with the presence of NFTs at autopsy.42 Of note, for
reasons that remain elusive, similar increases in CSF tau are not seen in pure tauopathies such
as progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD), despite the fact
that the brains of patients with CBD often show far more tau accumulation than do the brains
of patients with AD at autopsy.43,44 This might suggest that extracellular Aβ plaques have an
effect on the clearance of tau released from degenerating neurons in AD, that different species
of pathological tau are involved in AD versus CBD and PSP, or that other factors render tau
more readily diffusible and less degradable in AD versus CBD and PSP.45

FDG-PET is used to measure net brain metabolism, which, although including many neural
and glial functions, largely indicates synaptic activity.46,47 Brain glucose metabolism
measured with FDG-PET is highly correlated with post-mortem measures of the synaptic
structural protein synaptophysin.48 In the context of AD, decreased FDG-PET uptake is an
indicator of impaired synaptic function. FDG-PET studies in patients with AD show a specific
topographic pattern of decreased glucose uptake in a lateral temporal-parietal and posterior
cingulate, precuneus distribution.49 Correction for cortical atrophy in patients with AD leaves
metabolism still diminished.50 Greater decreases in FDG uptake correlate with greater
cognitive impairment along the continuum from normal cognitive status to MCI to AD
dementia.51 Combined imaging and autopsy studies show good correlation between the ante-
mortem FDG-PET diagnosis of AD and post-mortem confirmation.52 In cognitively normal
elderly individuals, correlations are seen between decreased FDG-PET uptake and both low
CSF Aβ and increased CSF tau.53 Together, these data indicate that FDG-PET uptake is a valid
indicator of the synaptic dysfunction that accompanies neurodegeneration in AD.
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Structural MRI can provide measures of cerebral atrophy, which is caused by dendritic pruning
and loss of synapses and neurons.54 Volumetric or voxel-based measures of brain atrophy show
a strong correlation between the severity of atrophy and the severity of cognitive impairment
in patients along the continuum from normal cognitive status to AD dementia.55 Thus, rates
of neuronal and synaptic loss indicated by the progressive rate of brain atrophy correlate with
rates of cognitive decline.56 Atrophy on MRI is not specific for AD, but the degree of atrophy
correlates well with Braak staging at autopsy.57–59 Additionally, the topographic distribution
of atrophy on MRI maps well onto Braak’s staging of NFT pathology in patients who have
undergone ante-mortem MRI and post-mortem AD staging.60

Temporal ordering of biomarker abnormalities
A crucial element of biomarker-based staging of AD is the notion of temporal ordering of
different biomarkers. The model that we propose, which relates pathological stage to AD
biomarkers, is based on a largely biphasic view of disease progression.61,62 In this model,
biomarkers of Aβ deposition become abnormal early, before neurodegeneration and clinical
symptoms occur. Biomarkers of neuronal injury, dysfunction, and neurodegeneration become
abnormal later in the disease. Cognitive symptoms are directly related to biomarkers of
neurodegeneration rather than biomarkers of Aβ deposition. We examine evidence to support
these time-dependent assumptions, beginning with evidence that biomarker abnormalities
typically precede clinical symptoms.

Biomarker abnormalities precede clinical symptoms
Approximately 20–40% of cognitively normal elderly people have evidence of significant brain
Aβ-plaque deposition, either from amyloid imaging or CSF Aβ42 concentrations.37,63–66 These
data on Aβ imaging and CSF biomarkers are in agreement with autopsy studies that also show
an AD pathological burden sufficient to meet criteria for a diagnosis of AD in roughly the same
proportion of cognitively normal elderly individuals.3–5 These data support the principle that
the presence of Aβ-plaque deposition alone, even in substantial quantities, is not sufficient to
produce dementia, and that abnormalities in biomarkers of Aβ deposition precede clinical/
cognitive symptoms.67–71 This principle is clearly illustrated by data from the individual in
figure 1B who was cognitively normal with no evidence of atrophy on MRI, but had a highly
abnormal PiB study. Calculated rates from serial PiB imaging studies indicate that Aβ-plaque
accumulation in individuals destined to become demented might begin as much as two decades
before the manifestation of clinical symptoms.62 We note that both Aβ deposition and NFTs
can be present in individuals with no symptoms. However, the presence of NFTs in
asymptomatic individuals tends to be confined to the entorhinal cortex, Braak stage I–II,
whereas NFTs in symptomatic individuals are far more widespread.3–5,72 By contrast, Aβ-
plaque deposition can be widespread in clinically asymptomatic individuals.

There is strong evidence that MRI, FDG-PET, and CSF tau biomarkers are already abnormal
in patients who are in the MCI phase of AD.37,51,73–75 Abnormalities in neurodegenerative
AD biomarkers also precede the appearance of the first cognitive symptoms. Of the three
neurodegenerative biomarkers, evidence that FDG-PET abnormalities precede any cognitive
symptoms in individuals who later progress to AD is probably the strongest.76,77 However,
rates of atrophy on MRI do become abnormal in cognitively normal individuals who later
progress to AD.78–80 Thus, the available data strongly support the conclusion that
abnormalities in both Aβ and neurodegenerative biomarkers precede clinical symptoms.

Aβ biomarker abnormalities precede neurodegenerative biomarker abnormalities
The rate of MRI atrophy on serial imaging studies is greatest in patients with a clinical diagnosis
of AD, least in cognitively normal individuals, and intermediate in those with a clinical
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diagnosis of MCI. By contrast, rates of change in PiB retention over time are just slightly
greater than zero for all these three clinical groups, and do not differ by clinical group.62 Thus,
in patients who are rapidly declining clinically (ie, patients with AD) MRI rates map well onto
simultaneous cognitive deterioration, whereas rates of change in PiB do not.62,81 Similarly,
CSF Aβ does not change significantly over time in patients with AD. Rates of brain atrophy
correlate well with pathological indices of NFTs and other neurodegenerative changes, but do
not correlate with severity of Aβ deposition at autopsy.82 Cognitively normal individuals with
positive Aβ imaging studies might have normal structural MRI studies, implying that a
substantial Aβ load can accumulate with no immediate effect on gross brain structure or
cognition (figure 1).83 In a modelling study inferring cause and effect, Mormino and
colleagues84 found that the direct substrate of memory impairment was hippocampal atrophy
on MRI, and not Aβ deposition as measured by PiB imaging. Frisoni and colleagues85 also
placed amyloid deposition before MRI changes in the sequence of events. These findings
support the conclusion that an abnormality in biomarkers of Aβ-plaque deposition is an early
event that nears a plateau before the appearance of both atrophy on MRI and cognitive
symptoms, and remains relatively static thereafter. By contrast, abnormalities in
neurodegenerative biomarkers on MRI accelerate as symptoms appear, and then parallel
cognitive decline.

Neurodegenerative biomarkers are temporally ordered
Available evidence suggests that FDG-PET changes might precede MRI changes.77,86,87 Up
to this point, we have discussed the temporal ordering of AD biomarkers from the perspective
of which biomarker becomes abnormal earlier during the progression of AD. However, the
order in which the dynamic range of biomarkers approaches its maximum is also relevant to
the discussion of biomarker ordering. MRI and CSF tau correlate well with cognition if
individuals who span the entire cognitive spectrum (controls, MCI, and AD) are combined.
However, among patients with MCI or AD alone, correlations with measures of general
cognition are strong with structural MRI, but are not significant with CSF tau.88 These data
are consistent with studies indicating that CSF tau does not change appreciably over time in
cognitively impaired patients.89,90 Furthermore, although both MRI and CSF tau are
predictive of future conversion from MCI to AD, the predictive power of structural MRI is
greater.91 These findings imply that the correlations between cognition and CSF tau weaken
as patients progress into the mid and late stages of the clinical AD spectrum. Conversely,
structural MRI measures of atrophy retain a highly significant correlation with observed
clinical impairment in both the MCI and dementia phases of AD. Moreover, rates of atrophy
on MRI are significantly greater in patients with AD than in cognitively normal elderly
individuals.92 This body of literature implies that MRI atrophy is a later event in AD
progression, preceded by abnormalities in CSF tau and FDG-PET, and that MRI retains a closer
correlation with cognitive symptoms later in disease progression than does CSF tau.

Use of biomarkers to stage AD in vivo
Autopsy studies have been, and will continue to be, essential in uncovering the biological basis
of the clinical symptoms in AD. However, by definition, autopsy studies are unable to provide
clinical–histological correlations during life, when pathological changes actually occur,
resulting in an inability to isolate relationships between time-dependent histological changes
and clinical/cognitive consequences. This point underlies the value of using biomarkers in the
staging of disease.

On the basis of the evidence presented above, we propose the use of specific AD biomarkers
for disease staging in vivo. The disease model and biomarker staging are shown in figure 2,
which embodies the following set of principles. First, the biomarkers become abnormal in a
temporally ordered manner as the disease progresses. Second, Aβ-plaque biomarkers are
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dynamic early in the disease, before the appearance of clinical symptoms, and have largely
reached a plateau by the time clinical symptoms appear. Third, biomarkers of neuronal injury,
dysfunction, and degeneration are dynamic later in the disease and correlate with clinical
symptom severity. Fourth, MRI is the last biomarker to become abnormal; however, MRI
retains a closer relationship with cognitive performance later into the disease than other
biomarkers. 88,91 Fifth, none of the biomarkers is static; rates of change in each biomarker
change over time and follow a non-linear time course, which we hypothesise to be sigmoid
shaped. Non-linearity has been clearly shown in MRI studies, in which atrophy rates accelerate
as patients approach clinical dementia.93,94 A sigmoid shape as a function of time implies
that the maximum effect of each biomarker varies over the course of disease progression.95

Comprehensive biomarker-based staging of disease in an individual at a given point in time
should be possible from measures of the magnitude and slope (ie, rate of change) of several
different biomarkers (figure 3). Sixth, anatomical information from imaging biomarkers
provides crucial disease-staging information. Similar to NFT accumulation, cerebral atrophy,
for example, begins in medial temporal limbic areas and spreads from there to adjacent limbic
and paralimbic areas and later to the isocortical association cortex.96 Therefore, at a given
timepoint, different brain areas will be at different stages. In any given area of an individual’s
brain there might be an amyloid phase, a neuronal dysfunction phase, etc, and this will occur
in an anatomical order (figure 4). This implies an advantage for imaging biomarkers over fluid
biomarkers, because imaging can resolve the different phases of the disease both temporally
and anatomically. Finally, a feature of this biomarker model of AD is the presence of a lag
phase of unknown duration between Aβ-plaque formation and the neurodegenerative cascade.
Between-patient variation in the lag period between Aβ deposition and the neurodegenerative
cascade is probably an indication of differences in Aβ processing, in the effects of abnormal
Aβ processing on neuronal injury, and differences in brain resilience or cognitive reserve.97

Other pathological changes, particularly cerebrovascular, α-synuclein, and TAR DNA-binding
protein 43 proteinopathy mechanisms, also contribute significantly to between-individual
variations in clinical disease expression.98

Clinical trials
Our proposed model has implications for clinical trials. For example, it is rational to select
patients for inclusion in trials of anti-Aβ therapies on the basis of biomarker evidence of the
presence of Aβ in the brain by use of either amyloid PET imaging or CSF Aβ42. Although
biomarkers of neurodegeneration correlate with clinical and pathological severity, they are not
specific for AD and thus should not take precedence over Aβ biomarkers as inclusion criteria
for patients in anti-amyloid therapeutic trials (although an Aβ biomarker might be combined
with MRI volumetrics to provide an indication of disease stage). Conversely, change in Aβ
load over time has little relation to change in cognition in natural history studies. In addition,
evidence of therapeutic plaque removal in patients who already have dementia does not seem
to correlate with a change in the trajectory of cognitive deterioration (at least, not in every case
examined).99 Measures of the neurodegenerative portion of the cascade (eg, CSF tau, FDG-
PET, or structural MRI) should therefore be used in therapeutic trials as evidence of therapeutic
modification of the neurodegenerative aspect of the AD pathological process. Therapeutic
modification of the slopes of clinical outcome measures is a common outcome metric used in
clinical trials. A consideration in the use of biomarkers as co-primary outcome measures is the
fact that the slopes (rates of change over time) of different biomarkers vary over the course of
the disease (figure 3). Ultimately, a combination of biomarkers might be needed in clinical
trials to select appropriate participants and to follow disease progression.
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Caveats
We have attempted to integrate the five most thoroughly validated biomarkers of AD pathology
into a model that is supported by currently available data. We have used a best-fit approach,
realising that every published observation cannot neatly fit into our (or any other) single
idealised model of disease progression. The proposed biomarker model represents a model of
typical disease progression. We certainly do not preclude the existence of individual deviations
from this generic model.

Although we have used the available evidence to support our model relating biomarkers to
disease stage in AD, we recognise that some of the proposed relationships take the form of
hypotheses rather than statements of fact. For example, although Aβ imaging and CSF Aβ are
denoted as occurring simultaneously (figure 2, figure 3, and figure 5), it might be that one
precedes or plateaus earlier than the other. The same logic applies to the timing relationships
between FDG-PET and CSF tau. We have superimposed these curves in the current model not
because there is good evidence to suggest that the curves should be identical, but because there
is not good evidence at present to show that they are different. We also acknowledge that
temporal ordering among the neurodegenerative biomarkers might ultimately differ from that
in our proposed model.100 For example, recent data from Fagan and colleagues68 suggest that
MRI atrophy might precede increases in CSF tau.

We recognise that well-validated biomarkers do not currently exist for some important features
of the disease. This includes reliable chemical biomarkers of specific toxic oligomeric forms
of soluble Aβ and imaging measures of soluble Aβ or diffuse plaques. We are therefore not in
a position to include in our model important mechanistic features such as the role of toxic
Aβ oligomeric species and the timing of their appearance. The absence of PET ligands that
specifically measure the burden of NFTs and other tau abnormalities also constitutes a serious
gap in our current armamentarium of imaging biomarkers. Another shortcoming is the absence
of a widely accepted biomarker for microglial activation. PET imaging ligands and the
magnetic resonance spectroscopy metabolite myo-inositol have been proposed as potential
biomarkers of glial activation;101,102 however, neither is widely used for this purpose at
present. Thus, our biomarker model of disease is just that—a model of the stages of disease
that can be assessed with currently validated biomarkers, and not a comprehensive model of
all pathological processes in AD. In this context, we acknowledge that all biomarker
information about disease is limited by the inevitable filter imposed by detection sensitivity
and measurement precision. Clearly, an in vivo measure is unlikely to be as sensitive to the
underlying pathology as a detailed autopsy examination would be.

An observation that does not fit our model is that of Braak and Braak,72 who concluded that
stage I–II (entorhinal) NFT changes precede isocortical Aβ changes, leading to the conclusion
that NFT accumulation is the initiating event in AD.103 However, the following observations
contradict this conclusion: (1) the genetics data in early-onset AD, which implicate disordered
Aβ metabolism as the initiating event; (2) the fact that the final pathological picture is identical
between late-onset and early-onset AD cases; and (3) the fact that the major genetic risk factor
of late-onset AD (APOE ε4) is implicated in disordered trafficking of Aβ peptide.104

Observations that will need to be incorporated into future revisions of this model relate to
evidence of disordered glucose uptake in cognitively normal young and middle-aged APOE
ε4 carriers up to decades before disease-related clinical symptoms would be expected to appear.
105,106 No consensus exists on the interpretation of these observations at this point. These
findings could be neurodevelopmental in origin or early indicators of AD.107,108
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Conclusions
Our main objective was to provide a framework for hypothesis testing that relates temporal
changes in AD biomarkers to clinical disease stage and to each other. The temporal
relationships among the biomarkers and with clinical disease stage constitute an array of
testable hypotheses. For example, carriers of APOE ε4 have an earlier age of onset of dementia
than non-carriers,109 and we hypothesise that APOE ε4 carriers will have a leftward (earlier in
time) shift of both the Aβ-plaque and neurodegenerative biomarker cascades relative to non-
carriers (figure 5).110 We also hypothesise that modifiers of the relationship between Aβ
pathological changes and their downstream effect on cognition might alter the lag time between
Aβ-plaque deposition and cognitive decline (figure 5). For example, the cognitive decline curve
might shift closer to the Aβ curve (to the left) in individuals with comorbidities (eg, vascular
disease), whereas the cognitive decline curve would shift away from the amyloid curve (to the
right) in individuals with enhanced cognitive reserve.97 Similarly, as yet undiscovered
neuroprotective genes might shift the cognitive decline curve to the right, away from the
amyloid curve, whereas genes that amplify the effect of Aβ dysmetabolism on the
neurodegenerative cascade might shift the cognitive decline curve closer to the amyloid curve.
For example, recent genome-wide association studies have identified new susceptibility loci
involving CR1, CLU, and PICALM genes.111,112 Clusterin (apolipoprotein J) seems to
regulate the toxicity and solubility of Aβ and might modify its clearance at the blood–brain
barrier.111 CR1 might also modify Aβ clearance.112 PICALM might be related to AD through
a role in altering synaptic vesicle cycling or APP endocytosis.111 Finally, we anticipate that
other diagnostic modalities (eg, functional MRI connectivity)113–115 will be added to this
biomarker staging model as they mature.

Search strategy and selection criteria

References for this paper were identified through searches of PubMed between 1984 and
October, 2009, with combinations of the search terms “Alzheimer’s disease”, “dementia”,
“MCI”, “imaging”, “PET”, “PiB”, “amyloid imaging”, “MRI”, and “biomarker”. Articles
were also identified through searches of the authors’ own files. Only papers published in
English were reviewed.
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Figure 1. Illustration of biomarker staging of Alzheimer’s disease
Three elderly individuals are placed in order from left to right by use of our proposed biomarker
staging scheme. (A) A cognitively normal individual with no evidence of Aβ on PET amyloid
imaging with PiB and no evidence of atrophy on MRI. (B) A cognitively normal individual
who has no evidence of neurodegenerative atrophy on MRI, but has significant Aβ deposition
on PET amyloid imaging. (B) An individual who has dementia and a clinical diagnosis of
Alzheimer’s disease, a positive PET amyloid imaging study, and neurodegenerative atrophy
on MRI. Aβ=β-amyloid. PiB=Pittsburgh compound B.
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Figure 2. Dynamic biomarkers of the Alzheimer’s pathological cascade
Aβ is identified by CSF Aβ42 or PET amyloid imaging. Tau-mediated neuronal injury and
dysfunction is identified by CSF tau or fluorodeoxyglucose-PET. Brain structure is measured
by use of structural MRI. Aβ=β-amyloid. MCI=mild cognitive impairment.
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Figure 3. Staging Alzheimer’s disease with dynamic biomarkers
Disease stage based on biomarkers is described by the magnitude of the biomarker abnormality
and its rate of change at a given point in time (t). This is illustrated by the following terms: A
(t)=magnitude of the Aβ plaque biomarker at time t; SA(t)=slope of the Aβ plaque function at
time t; N(t)=tau-mediated neuron injury at time t; SN(t)=slope of N(t); M(t)=MRI at time t;
SM(t)=slope of M(t). Aβ=β-amyloid.

Jack et al. Page 18

Lancet Neurol. Author manuscript; available in PMC 2010 February 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Figure 4. Anatomical imaging information
For simplicity in other figures, imaging biomarkers have been shown as individual curves.
However, anatomical variation exists in the time courses within each imaging mode. For
example, in FDG-PET, one would expect abnormalities to appear in the following order:
precuneus/posterior cingulate, lateral temporal, and frontal lobe much later. Similarly, in
structural MRI, one would expect abnormalities to appear in the following order: medial
temporal, lateral temporal, and frontal lobe later. FGD=fluorodeoxyglucose.
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Figure 5. Modulators of biomarker temporal relationships
(A,B) Relative to a fixed age (here, 65 years), the hypothesised effect of APOE ε4 is to shift
β-amyloid plaque deposition and the neurodegenerative cascade both to an earlier age
compared with ε4 non-carriers. (C) The hypothesised effect of the presence of different diseases
and genes on cognition: C−=cognition in the presence of comorbidities (eg, Lewy bodies or
vascular disease) or risk amplification genes; C+=cognition in patients with enhanced cognitive
reserve or protective genes; Co=cognition in individuals without comorbidity or enhanced
cognitive reserve.
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Abstract
IMPORTANCE—Cerebral amyloid-β aggregation is an early pathological event in Alzheimer 
disease (AD), starting decades before dementia onset. Estimates of the prevalence of amyloid 
pathology in persons without dementia are needed to understand the development of AD and to 
design prevention studies.

OBJECTIVE—To use individual participant data meta-analysis to estimate the prevalence of 
amyloid pathology as measured with biomarkers in participants with normal cognition, subjective 
cognitive impairment (SCI), or mild cognitive impairment (MCI).

DATA SOURCES—Relevant biomarker studies identified by searching studies published before 
April 2015 using the MEDLINE and Web of Science databases and through personal 
communication with investigators.

STUDY SELECTION—Studies were included if they provided individual participant data for 
participants without dementia and used an a priori defined cutoff for amyloid positivity.

DATA EXTRACTION AND SYNTHESIS—Individual records were provided for 2914 
participants with normal cognition, 697 with SCI, and 3972 with MCI aged 18 to 100 years from 
55 studies.

MAIN OUTCOMES AND MEASURES—Prevalence of amyloid pathology on positron 
emission tomography or in cerebrospinal fluid according to AD risk factors (age, apolipoprotein E 
[APOE] genotype, sex, and education) estimated by generalized estimating equations.

RESULTS—The prevalence of amyloid pathology increased from age 50 to 90 years from 10% 
(95% CI, 8%-13%) to 44% (95% CI, 37%-51%) among participants with normal cognition; from 
12% (95% CI, 8%-18%) to 43% (95% CI, 32%-55%) among patients with SCI; and from 27% 
(95% CI, 23%-32%) to 71% (95% CI, 66%-76%) among patients with MCI. APOE-ε4 carriers 
had 2 to 3 times higher prevalence estimates than noncarriers. The age at which 15% of the 
participants with normal cognition were amyloid positive was approximately 40 years for 
APOEε4ε4 carriers, 50 years for ε2ε4 carriers, 55 years for ε3ε4 carriers, 65 years for ε3ε3 
carriers, and 95 years for ε2ε3 carriers. Amyloid positivity was more common in highly educated 
participants but not associated with sex or biomarker modality.
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CONCLUSIONS AND RELEVANCE—Among persons without dementia, the prevalence of 
cerebral amyloid pathology as determined by positron emission tomography or cerebrospinal fluid 
findings was associated with age, APOEgenotype, and presence of cognitive impairment. These 
findings suggest a 20- to 30-year interval between first development of amyloid positivity and 
onset of dementia.

Alzheimer disease (AD) is the most common cause of dementia, with a worldwide 
prevalence of about 25 million in 2010, expected to be doubled by 2030 because of 
increased life expectancy.1 The earliest recognizable pathological event in AD is cerebral 
amyloid-β aggregation.2 This pathology may be present up to 20 years before the onset of 
dementia.3,4 Novel research criteria for AD in individuals without dementia emphasize the 
presence of amyloid pathology to define the first stage of the disease.5,6

Prevalence estimates of amyloid pathology in persons without dementia are needed to better 
understand the development of AD and to facilitate the design of AD prevention studies. 
Initiation of treatment for AD in the predementia phase, when neuronal damage is still 
limited, may be crucial to have clinical benefit.7 Neuropathological studies have reported 
prevalences of amyloid pathology in nondemented individuals ranging between 10% and 
60%.8,9 Studies that assessed amyloid pathology in nondemented individuals during life 
using biomarkers in cerebrospinal fluid (CSF) or on positron emission tomography (PET) 
also showed large variability in prevalence estimates (10%-70%).10-13 This variability may 
have resulted from small sample sizes, differences in study design, and participant selection.

The aim of this study was to estimate the prevalence of amyloid pathology as assessed by 
biomarkers in nondemented individuals with an individual participant metaanalysis. We 
estimated the prevalence in participants with normal cognition, subjective cognitive 
impairment (SCI), and mild cognitive impairment (MCI) and investigated the relation with 
known risk factors for AD-type dementia, including age, sex, education, and APOE 
genotype. We also tested the association of biomarker modality and recruitment strategies 
with prevalence estimates and compared age-specific estimates of amyloid positivity in 
participants with normal cognition with the prevalence of AD-type dementia in the general 
population.

Methods
To identify relevant biomarker studies, the MEDLINE and Web of S c ience databases were 
searched for studies published before April 2015. The search terms used for PET studies 
were PET and (Pittsburgh or PiB or florbetapir or AV-45 or florbetaben or flutemetamol) 
and (amyloid or abeta). The search terms used for CSF studies were (CSF or cerebrospinal 
fluid) and (amyloid or abeta). Titles and abstracts were reviewed and relevant studies were 
retrieved. Searches were restricted to articles published in the English language. Studies 
were included if amyloid biomarker data for participants without dementia were reported 
and an a priori defined cutoff for amyloid abnormality was used. Studies that included 
participants with neurological, psychiatric, or other diseases that might affect the central 
nervous system were excluded. We also asked partners from 2 European multicenter 
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collaborative projects, BIOMARKAPD and EMIF-AD, to provide unpublished data (Figure 
1).

As most published studies did not provide prevalence estimates according to age and other 
risk factors, we asked study contact persons to provide participant-level data or tabulated 
data according to 10-year age categories and unpublished data if available. Tabulated data 
were converted to participant-level data with the average age in the age category. The 
quality of primary articles from each study was systematically assessed using relevant 
criteria from the STROBE14 and QUADAS15 guidelines (eTable 1 in the Supplement). All 
participants gave written informed consent to participate. Studies were approved by the local 
ethics committees of the participating centers.

Data Collection and Operationalization

Information on study procedures was extracted from the publication or requested from the 
study contact person and used to create a common set of variables.

Cognitive Status, APOE, Sex, and Education—Normal cognition was defined as 
normal scores on cognitive tests, the absence of cognitive complaints for which medical help 
was sought, or both. Subjective cognitive impairment was defined as presence of a cognitive 
complaint with presentation at a health care facility but normal cognition on tests. Mild 
cognitive impairment was defined according to published criteria.16,17 These include a 
decline in memory or another cognitive domain reported by the patient, informant, or both 
and objectively verified by neuropsychological testing, in combination with no or minimal 
impairment in activities of daily living and not meeting criteria for dementia. Mild cognitive 
impairment was subclassified as amnestic MCI or nonamnestic MCI when possible. 
Information on APOE-ε4 carrier status (yes/no), APOE genotype, and years of education 
was retrieved. To describe the association of APOE genotype with age, we reported for each 
genotype the age at which 15% of the participants with normal cognition were amyloid 
positive as a proxy for first appearance of abnormal amyloid.

Setting and Recruitment—The study setting was classified as clinical if patients 
presented with cognitive complaints at a health care facility; research if patients were asked 
to participate in research by recruitment through advertisements or from other hospital 
departments; population-based if a random sample of the general population was included; 
or mixed if participants were recruited from a combination of settings.

Amyloid Assessment—Measurement details documented included amyloid tracer and 
assessment via visual scales or quantitative measures for PET studies and assay used to 
measure amyloid-β1-42 levels for CSF studies. Positron emission tomography and CSF 
biomarkers were dichotomized as negative (normal) or positive (abnormal) according to 
study-specific cutoffs. (See eTables 2 and 3 in the Supplement for measurement details.) For 
participants who had both PET and CSF amyloid measures, we selected the first amyloid 
measure in time.

Comparison With Prevalence of AD-Type Dementia—Age- and APOE-specific 
prevalence data of AD-type dementia were obtained through a meta-analysis or from 
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published lifetime risk data for AD-type dementia18 as described in the eMethods in the 
Supplement.

Number Needed to Screen—To use the prevalence estimates in selecting participants at 
risk for amyloid positivity for AD prevention studies, numbers needed to screen to identify 1 
amyloid-positive participant were calculated as described in the footnote of eTable 6 in the 
Supplement.

Statistical Analysis

We conducted a meta-analysis with individual participant data, in which original research 
data were sought directly from study contact persons, combined, and reanalyzed centrally. 
Generalized estimating equations (GEEs) were used to estimate the prevalence and odds 
ratios (ORs). Generalized estimating equations allow for analysis of binary correlated data 
such that participant-level data on the prevalence from all studies could be modeled while 
simultaneously accounting for the clustering of participants within studies. We assumed a 
logit link function for binary outcome with an exchangeable correlation structure to account 
for within-study correlation. Analyses were performed using SPSS version 20.0 (IBM) with 
the genlin command. They were conducted using the total study population unless specified 
otherwise.

The main analyses were performed with cognitive status (normal cognition, SCI, MCI), age, 
sex, education, and APOE-ε4 genotype as independent variables. Age was entered as a 
continuous measure centered at the median. Educational level was dichotomized at the 
median (high, ≥14 years, vs moderate to low, <14 years). Secondary analyses tested 
associations with biomarker modality, MCI subtype, published vs unpublished studies, 
setting, and recruitment strategy while adjusting for cognitive status, age, and APOE-ε4 
carrier status. We tested 2-way and 3-way interactions between variables and age as a 
quadratic term, and these were retained in the equation in case of a significant Wald statistic 
as indicated in table footers and figure legends. Analyses were repeated using natural cubic 
splines with knots at ages 50, 60, 70, and 80 years, but this did not improve the model. 
Estimated probabilities and 95% confidence intervals from the GEE analyses were used in 
tables. Probabilities estimated by GEE were compared with the observed probabilities in 5-
year age groups.

The extent of between-study variability was investigated in several ways. In the total 
sample, the random intercept variance related to study was estimated in a random-effects 
analysis w ith the independent variables age, APOE-ε4 carrier status, cognitive status, and 
interactions using the xtmelogit function from Stata version 12.0 (Stata-Corp). This variance 
was expressed as an intraclass correlation coefficient. In diagnostic and APOE subgroups, 
heterogeneity within 5-year age strata was assessed with the I2 statistic19 from a random-
effects meta-analysis in Stata version 12.0. An I2 statistic value greater than 50% was 
considered indicative for substantial heterogeneity.19 Center variability across the age range 
was visualized by plotting the prevalence for studies with more than 50 participants.

Significance level was set at P < .05 in 2-sided tests, uncorrected for multiple comparisons. 
When associations changed after correcting for multiple comparisons with the Bonferroni 
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method, this was mentioned in the text or table. R version 3.1.2 (R Foundation for Statistical 
Computing) and GraphPad Prism version 6.0 (GraphPad Software) were used for graphs 
with estimated probabilities and 95% confidence intervals from the GEE analyses.

Results
The literature search resulted in 7578 publications; amyloid was assessed by PET in 890 and 
by CSF in 6688. From these, 599 were selected for full-text review. We identified 47 studies 
from the European multicenter projects (Figure 1). A total of 91 unique studies met 
inclusion criteria; the authors of 55 studies agreed to share data. Contact persons from 54 
studies provided participant-level data and 1 provided tabulated data (n = 137). Of the 36 
studies for which contact persons refused or did not reply, 31 were selected through the 
literature search and 5 from the European multicenter studies. Characteristics of the 31 
excluded published studies did not differ from those of the 55 included studies (eTable 4 in 
the Supplement).

Study Characteristics

Of the selected studies, 45 were single-center and 10 were multicenter studies. (eTable 5 in 
the Supplement shows detailed study information.) Forty-one studies provided data for 
participants with normal cognition, 20 for patients with SCI, and 47 for patients with MCI. 
Of the MCI studies, 8 classified patients with MCI as amnestic MCI or nonamnestic MCI, 
10 studies only included patients with amnestic MCI, and all other studies used a broad MCI 
definition or did not specify MCI subtype. Information on APOE-ε4 carrier status was 
provided by 41 studies and information on APOE genotype by 37 studies. All studies but 1 
specified the sex of the participants. Information on years of education was available from 
44 studies. Studies contributing data for participants with normal cognition were performed 
in a research setting in 95% (n = 39, selection through advertisements in 15, from hospitals 
in 10, and from other or unknown sources in 14) and a mixed setting in 5% (n = 2). Forty-six 
of the studies (98%) that included patients with SCI or MCI were performed in a clinical 
setting.

Amyloid-PET data were provided by 29 studies. Of these, 22 studies used [11 C]Pittsburgh 
compound-B (PiB), 9 [18F]florbetapir, 2 [18F]florbetaben, and 1 [18F]flutemetamol, 
including 5 that used multiple tracers. Eleven studies assessed the PET images by visual 
scales whereas 16 studies used quantitative assessment and 2 studies used both methods. 
Cerebrospinal fluid amyloid-β1-42 data were provided by 31 studies. The Innotest enzyme-
linked immunosorbent assay (Fujirebio Europe) was used for CSF analysis in 29 studies and 
the xMAP Luminex assay in 2 studies. Two studies (1111 participants) provided data on 
both PET and CSF amyloid measures. Primary studies were assessed with the quality rating 
c riteria, and typic ally met all c riteria, although bias could not be assessed in 37 
publications and participant flow remained unclear in 2 publications (eTable 1 in the 
Supplement).
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Participant Characteristics

We included 7583 participants from 55 studies, of whom 2914 (38%) had normal cognition, 
697 (9%) SCI, and 3972 (52%) MCI. Amyloid positivity was assessed with PET for 2370 
participants (31%; 1346 normal cognition, 35 SCI, 989 MCI) and with CSF for 5213 
participants (69%; 1568 normal cognition, 662 SCI, 2983 MCI). Baseline characteristics 
according to cognitive status are shown in Table 1. Participants with missing APOE data did 
not differ in amyloid positivity and sex from participants with APOE data but more often 
had limited education (63%) compared with participants who had these data available (48%, 
χ = 62.5, P < .001). Participants with missing sex or education data did not differ in amyloid 
positivity, sex or education, and APOE-ε4 carrier status from participants with these data.

Prevalence of Amyloid Positivity

Estimated probabilities of amyloid positivity according to cognitive status, APOE-ε4 status, 
and age are displayed in Figure 2, Figure 3A and B, and Table 2. Observed prevalence 
estimates are shown in Table 3. The difference between the observed and predicted 
prevalence rates was less than 10% in more than 90% of the comparisons indicating good 
model fit. Amyloid positivity was about twice as common in patients with MCI compared 
with participants with normal cognition (mean difference, 25% [95% CI, 22% to 28%]; P < .
001) or SCI (mean difference, 23% [95% CI, 14% to 32%]; P < .001), while it did not differ 
between participants with normal cognition and SCI (mean difference, 2% [95% CI, −6% to 
10%]; P = .62). Amyloid positivity increased with age in all diagnostic groups.

APOE-ε4 carriers had 10% to 40% higher absolute prevalence estimates than noncarriers in 
each diagnostic group (Table 2, Figure 3A and B). At the median age of 70 years, the 
prevalence estimates were different between all APOE genotypes in participants with normal 
cognition, except for those of the ε2ε4 and ε3ε4 genotypes, which did not differ from each 
other (mean difference ε4ε4 vs ε3ε4, 38% [95% CI, 22% to 53%]; P < .001, vs ε2ε4, 28% 
[95% CI, 7% to 49%]; P = .008, vs ε3ε3, 60% [95% CI, 44% to 75%]; P < .001, vs ε2ε3, 
73% [95% CI, 58% to 87%]; P < .001; mean difference ε3ε4 vs ε2ε4, 9% [95% CI, −1% to 
20%]; P = .08, vs ε3ε3, 22% [95% CI, 18% to 26%]; P < .001, vs ε2ε3, 35% [95% CI, 29% 
to 40%]; P < .001; mean difference ε2ε4 vs ε3ε3, 31% [95% CI, 21% to 42%]; P < .001, vs 
ε2ε3, 44% [95% CI, 31% to 57%]; P < .001; mean difference ε3ε3 vs ε2ε3, 13% [95% CI, 
8% to 17%]; P < .001) (Figure 3C).

After correction for multiple comparisons, ε2ε4 and ε4ε4 showed no statistically significant 
difference (P = .08). None of the 10 participants with ε2ε2 were amyloid positive. APOE 
genotype was associated with the age at onset of amyloid positivity. For example, the age at 
which 15% of the participants with normal cognition were amyloid positive was 
approximately 40 years for ε4ε4 carriers, 50 years for ε2ε4 carriers, 55 years for ε3ε4 
carriers, 65 years for ε3ε3 carriers, and 95 years for ε2ε3 carriers. In patients with SCI, 
prevalence of amyloid pathology according to APOE genotype was similar to participants 
with normal cognition in all age groups (mean difference, 1% [95% CI, −11% to 12%]; P = .
92). In patients with MCI, the prevalence differed between genotypes at the median age of 
70 years, while again the ε2ε4 and ε3ε4 genotypes did not differ from each other; the 
difference between the ε2ε4 and ε3ε3 genotypes was not statistically significant (mean 
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difference ε4ε4 vs ε3ε4, 23% [95% CI, 17% to 29%]; P < .001, vs ε2ε4, 33% [95% CI, 14% 
to 51%]; P = .001, vs ε3ε3, 54% [95% CI, 47% to 60%]; P < .001, vs ε2ε3, 64% [95% CI, 
57% to 71%]; P < .001; mean difference ε3ε4 vs ε2ε4, 10% [95% CI, −9% to 28%]; P = .31, 
vs ε3ε3, 31% [95% CI, 25% to 37%]; P < .001, vs ε2ε3, 41% [95% CI, 34% to 48%]; P < .
001; mean difference ε2ε4 vs ε3ε3, 21% [95% CI, −1% to 43%]; P = .06, vs ε2ε3, 31% 
[95% CI, 9% to 53%]; P = .005; mean difference ε3ε3 vs ε2ε3, 10% [95% CI, 6% to 14%]; 
P < .001) (Figure 3D).

Patients with MCI and the APOE ε2ε2 genotype were not included in the analysis because 
of the small sample size (n = 5, of whom 1 was amyloid positive). The prevalence of 
amyloid pathology in patients with MCI at age 70 years was 89% (95% CI, 81%-94%) for 
ε4ε4 carriers, 66% (95% CI, 60%-72%) for ε3ε4 carriers, 57% (95% CI, 35%-76%) for ε2ε4 
carriers, 35% (95% CI, 31%-40%) for ε3ε3 carriers, and 25% (95% CI, 19%-32%) for ε2ε3 
carriers. Table 4 shows the ORs for amyloid positivity of the APOE genotypes relative to 
the ε3ε3 genotype at age 70 years for participants with normal cognition and MCI.

The prevalence of amyloid pathology at the mean age was 5% higher (95% CI, 1% to 8%; P 
= .005) in participants with an education above the median (n = 2530) than in those with 
education below the median (n = 2415) regardless of cognitive status, age, and APOE-ε4 
carrier status (eFigure 1 in the Supplement). There was no significant association with or 
interaction between sex and any of the risk factors for amyloid positivity (mean difference, 
1% [95% CI, −1% to 3%]; P = .52).

Comparison With Prevalence of AD-Type Dementia

The age-related increase in amyloid positivity in participants with normal cognition 
paralleled age-specific AD-type dementia prevalence estimates, with an intervening period 
of about 20 years (Figure 4A). Similarly, APOE genotype–specific estimates of amyloid 
positivity paralleled APOE genotype–specific lifetime risks of AD-type dementia with a 
difference of 25 to 30 years (Figure 4B).

Number Needed to Screen

The numbers of participants needed to screen (NNS) to identify 1 amyloid-positive person 
are displayed according to age, cognitive status, and APOE genotype in eTable 6 in the 
Supplement. The NNS varied from 1.0 (95% CI, 1.0-1.1), for persons with normal cognition 
or MCI who were older than 70 years with the APOE ε4ε4 genotype, to 16.7 (95% CI, 
11.1-25.0), for persons with normal cognition aged 50 years without an APOE-ε4 allele. If 
APOE genotype is unknown, participants need to be screened for this first. The number of 
participants for whom APOE genotyping needs to be performed to find 1 participant with 
that particular APOE genotype who is amyloid positive varied between 3.5 (95% CI, 
2.8-4.3), for persons with normal cognition aged 90 years without an APOE-ε4 allele, to 
89.6 (95% CI, 64.5-129.0), for persons with normal cognition aged 50 years with the 
APOEε4ε4 genotype.
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Assessment of Study-Related Heterogeneity

In the total study population, the intraclass correlation coefficient for study-related random 
intercept variance was 0.085, indicating minor heterogeneity among studies. Within age, 
APOE-ε4, and diagnostic subgroups, heterogeneity was not substantial according to the I2 

statistic, except for 2 of 54 subgroups (50%-60% in age group 65-69 years of SCI APOE-ε4 
carriers and in age group 75-79 years of MCI APOE-ε4 noncarriers) (eTable 7 in the 
Supplement).

Visual inspection of variability in prevalence estimates across age in studies with at least 50 
participants also indicated that between-study variability was small (eFigure 2 in the 
Supplement).

Post Hoc Analyses

The biomarker used to assess amyloid positivity was not associated with prevalence (mean 
difference, 0% [95% CI, −7% to 8%]; P = .87) for participants with normal cognition or 
MCI (n = 6885). Patients with SCI were excluded because amyloid was measured with PET 
in only 5% of participants. While adjusting for APOE-ε4 carrier status and age, amyloid 
prevalence at the mean age was higher in patients with amnestic MCI (n = 1405) than in 
patients with nonamnestic MCI (n = 225, 58% [95% CI, 48% to 67%] vs 47% [95% CI, 
35% to 60%], mean difference, 11% [95% CI, 0% to 21%]; P = .03) and higher in patients 
with nonamnestic MCI than in participants with normal cognition (n = 2289, mean 
difference, 15% [95% CI, 2% to 28%]; P = .03). The prevalence did not differ between 
amnestic MCI (n = 1405) and MCI patients diagnosed using a broad or unspecified 
definition of MCI (n = 1487, mean difference, 3% [95% CI, −6% to 13%]; P = .51). 
Prevalence estimates did not differ for published and unpublished studies (eTable 8 in the 
Supplement). The prevalence in participants with normal cognition recruited via 
advertisements (n = 1868) was similar to that of participants recruited from hospital 
departments (n = 305, mean difference, 4% [95% CI, −13% to 21%]; P = .96).

Discussion
This amyloid biomarker study including individuals without dementia provides prevalence 
estimates of amyloid pathology over an age range of 18 to 100 years for persons with 
normal cognition, SCI, and MCI. The age at onset of amyloid positivity was associated with 
cognitive status and the APOE genotype. At age 90 years, about 40% of the APOE-ε4 
noncarriers and more than 80% of APOE-ε4 carriers with normal cognition were amyloid 
positive. Amyloid positivity was associated with education but not with sex or biomarker 
modality. The age-related prevalence of amyloid positivity in participants with normal 
cognition paralleled the age-related prevalence of AD-type dementia in the general 
population in an APOE genotype–specific way with a time lag of 20 to 30 years.

Patients with MCI had 20% to 30% higher prevalence estimates of amyloid positivity than 
those with normal cognition or SCI, supporting the view that MCI is a risk state for AD.16 

Cognitively normal and SCI groups did not differ in amyloid positivity, suggesting that the 
presence of SCI in a memory clinic population might not be associated with an increased 
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risk for AD. Previous studies in other settings showed inconsistent results regarding 
differences in amyloid positivity between cognitively normal and SCI participants,20,21

indicating that further research is needed on this. Patients with nonamnestic MCI had lower 
prevalence estimates of amyloid positivity than patients with amnestic MCI but higher than 
participants with normal cognition. This suggests that both amnestic MCI and nonamnestic 
MCI are associated with an increased risk for AD and that this risk is higher for patients 
with amnestic MCI. The observation that a substantial number of patients with MCI were 
not amyloid positive, even at older age, suggests that the MCI phenotype does not always 
have AD as underlying pathology. Possible non-AD causes in MCI may be hippocampal 
sclerosis, mild depression, or vascular damage.

Age was a risk factor for amyloid positivity, which is in line with the finding that age is an 
important risk factor for postmortem amyloid load22 and for AD-type dementia,23 as also 
shown in Figure 4A. The prevalence of amyloid positivity in participants with normal 
cognition aged 50 to 60 years was somewhat higher than found in an earlier population-
based study that was not included in our analysis.24 This could relate to differences in 
recruitment strategy and assessment.

Relative to the APOE-ε3 allele, the APOE-ε4 risk allele was associated with a greater risk 
for amyloid positivity and de creased age at onset, while the APOE-ε2 allele had the 
opposite associations. This is similar to the relation of APOE genotype with the risk for AD-
type dementia and age at onset of AD-type dementia as reported in clinical studies25,26 and 
the APOE genotype–specific lifetime risk for AD as shown in Figure 4B. The high 
prevalence of amyloid positivity in participants with normal cognition and MCI with ε2ε4 in 
the present study indicates that the detrimental relation of amyloid positivity with ε4 
outweighs the protective association with ε2, in line with clinical AD studies.27 The OR for 
amyloid pathology of the APOE genotypes relative to the ε3ε3 genotype was similar to the 
OR for AD-type dementia in case-control studies.18,27 The strong association of the APOE 
genotype with amyloid positivity emphasizes APOE as an important target for treatment 
studies.28,29

Highly educated participants had a higher prevalence of amyloid pathology than those with 
less formal education. This may seem in contrast with the finding that high education level 
is associated with a lower risk for AD-type dementia30 but is in agreement with the 
cognitive reserve hypothesis.31 According to this hypothesis, nondemented individuals with 
a high level of education have a greater cognitive reserve such that they can sustain more 
amyloid pathology before developing dementia. Education itself was not associated with the 
extent of pathology at postmortem examination32 but might modify the relationship between 
AD pathology and expression of dementia,33 resulting in higher amyloid positivity 
prevalence in nondemented highly educated participants. An alternative explanation would 
be that highly educated persons with amyloid pathology may be overrepresented in study 
participation or clinical care seeking due to self-selection bias.

Our finding that the prevalence of amyloid positivity was the same for men and women is in 
line with a previous neuropathological study showing no difference in neuritic and diffuse 
plaque load between men and women.34 This finding is also in agreement with another 
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earlier study,35 as is our finding that there was no interaction between sex and APOE-ε4 
carrier status on amyloid positivity.

Although PET and CSF are thought to measure different types of amyloid-β,36 we did not 
find differences in amyloid positivity estimates for PET and CSF biomarkers. This is in line 
with published high concordance rates of 84% to 92% between the 2 biomarkers.37,38 Also, 
high levels of agreement have been reported for studies that provided more than 50 
participants to our study in whom amyloid was assessed with both PET and CSF.39,40

We pooled data from a large number of studies, and this may have introduced bias because 
of differences in the methods underlying amyloid assessment, cutoff definition, participant 
selection, diagnostic criteria, and other aspects of study design. However, in the total study 
sample; in age, APOE, and diagnostic subgroups; and on visual inspection of study-specific 
prevalences over age, there was limited evidence for study-related heterogeneity, which 
supports the pooling of data from different studies (eFigure 2 and eTable 7 in the 
Supplement). Moreover, the Alzheimer’s Association Quality Control program for CSF 
biomarkers reported that overall concordance for diagnostic classification was high between 
centers despite analytical variance.41 We also explored the association of a number of study 
characteristics with the prevalence in post hoc analyses, but no relation was found. An 
advantage of participant-level analysis over aggregated pooling is that the power to detect 
subgroup effects is increased,42 while the risk for ecological bias is decreased.43

A limitation of this study is that our participants with normal cognition were mostly 
recruited via advertisements, making this sample vulnerable to self-selection bias44 and 
restricting generalizability to the general population. Participants with SCI and MCI were 
mostly recruited from clinical settings, rendering them dissimilar from these individuals in 
the general population. Participants with significant comorbid disorders are usually excluded 
from participation, and studies often used standardized cognitive screens, which also affects 
generalizability. Although MCI was not classified as amnestic or non-amnestic for most 
participants, our findings indicate that we mostly included amnestic MCI patients because 
the prevalence estimates in amnestic MCI patients did not differ from those with a broad or 
unspecified definition of MCI. Still, patients with nonamnestic MCI had a lower prevalence 
than patients with amnestic MCI, suggesting that this is an important distinction to make in 
future research. Moreover, our prevalence estimates are based on cross-sectional data. The 
life-time risk for individuals without dementia to develop amyloid pathology will be higher 
than the cross-sectional estimate at any age because amyloid-positive persons may die or 
progress to dementia at follow-up.

This study has several implications for understanding the development of AD. The 
observation that key risk factors for AD-type dementia are also risk factors for amyloid 
positivity in cognitively normal persons provides further evidence for the hypothesis that 
amyloid positivity in these individuals reflects early AD. Further support for this hypothesis 
comes from other studies that show that amyloid positivity in nondemented individuals is 
associated with memory impairment, cognitive decline, increased amyloid deposition and 
brain atrophy rates, and mortality.45-48 Our study also indicates that development of AD 
pathology can start as early as age 30 years, depending on the APOEgenotype. Comparison 
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with prevalence and lifetime risk estimates of AD-type dementia suggests a 20- to 30-year 
interval between amyloid positivity and dementia, implying that there is a large window of 
opportunity to start preventive treatments. Still, the exact interval between the onset of 
amyloid positivity and onset of AD-type dementia needs to be assessed by long-term follow-
up studies because not all persons with amyloid pathology will become demented during 
their lifetime,49 and not all individuals with a clinical diagnosis of AD-type dementia have 
amyloid pathology. Because of the uncertainty about whether and when an amyloid-positive 
individual without dementia will develop dementia, amyloid positivity in these individuals 
should not be equated with impending clinical dementia but rather be seen as a risk state. 
Our prevalence rates can be used as an inexpensive and noninvasive approach to select 
persons at risk for amyloid positivity.

Conclusions
Among persons without dementia, the prevalence of cerebral amyloid pathology as 
determined by PET imaging or CSF findings was associated with age, APOE genotype, and 
presence of cognitive impairment. These findings suggest a 20- to 30-year interval between 
first development of amyloid positivity and onset of dementia.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow Diagram of Literature Search and Study Selection
a The European Medical Information Framework–Alzheimer Disease (EMIF-AD) and 
Biomarkers for Alzheimer Disease and Parkinson Disease (BIOMARKAPD) projects.
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Figure 2. 
Association of Age With Prevalence Estimates of Amyloid Positivity According to 
Cognitive Status
The prevalence estimates were generated from generalized estimating equations. The model 
included age and cognitive status as predictors. Shading indicates 95% CIs; SCI, subjective 
cognitive impairment; MCI, mild cognitive impairment.
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Figure 3. 
Association of Age With Prevalence Estimates of Amyloid Positivity According to 
Cognitive Status and Apolipoprotein E (APOE) Genotype
The model for the analyses in panels A and B included age, cognitive status, APOE-ε4 
status, an interaction between age and cognitive status, and an interaction between age and 
APOE-ε4 status as predictors. The models for the analyses in panels C and D included age, 
cognitive status, APOE genotype, an interaction between age and cognitive status, an 
interaction between age and APOE genotype, and an interaction between cognitive status 
and APOE genotype as predictors. In panel C, none of the 10 participants with ε2ε2 were 
amyloid positive, and no 95% confidence interval is provided for this group. In panel D, 
data of participants with ε2ε2 are not shown because of the small sample size (n = 5). 
Shading indicates 95% CIs; SCI, subjective cognitive impairment; MCI, mild cognitive 
impairment.
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Figure 4. 
Comparison of the Prevalence of Amyloid Positivity With the Prevalence of and Lifetime 
Risks for Alzheimer Disease–Type Dementia
The prevalence estimates in panel A were estimated from a meta-analysis of 14 studies 
(eMethods in the Supplement). The prevalence estimates in panel B of amyloid positivity in 
participants with normal cognition are plotted against published lifetime risks for Alzheimer 
disease (AD)–type dementia by APOE genotype (adapted from Genin et al18).
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Table 2

Prevalence Estimates of Amyloid Positivity According to Age, Cognitive Status, and APOE-ε4 Carrier Statusa

Normal Cognition, %(95%CI) SCI, % (95% CI) MCI, % (95% CI)

Age, y Total APOE-ε4− APOE-ε4+ Total APOE-ε4− APOE-ε4+ Total APOE-ε4− APOE-ε4+

50 10.4
(8.1-13.3)

5.7
(3.6-8.9)

14.9
(10.2-21.2)

11.6
(7 3-17.8)

3.9
(1.9-7.8)

10.6
(6.2-17.5)

26.9
(22.5-31.7)

18.7
(14.2-24.2)

40.0
(33.2-47.2)

55 12.9
(10.3-16.0)

7.6
(5.2-11.0)

20.9
(15.5-27.5)

14.2
(9 3-21.2)

5.6
(3.1-10.0)

16.1
(10.4-24.0)

31.8
(27.5-36.4)

22.2
(17.8-27.3)

47.9
(41.7-54.2)

60 15.8
(12.9-19 1)

10.0
(7.4-13 5)

28.6
(22.9-35.1)

17.4
(11.6-25.2)

8.0
(4.9-12.7)

23.7
(16.9-32.2)

37.1
(32.9-41.6)

26.1
(21.9-30.7)

55.9
(50.5-61.2)

65 19.2
(16.0-22 9)

13.2
(10.4-16.6)

37.8
(32.0-43.9)

21.1
(14.4-29.7)

11.2
(7.6-16 3)

33.5
(25.9-42.5)

42.8
(38.7-47.1)

30.4
(26.5-34.6)

63.6
(59.0-68.0)

70 23.1
(19.5-27 2)

17.1
(14.1-20.6)

47.9
(42.2-53.7)

25.3
(17.7-34.3)

15.5
(11.3-20.9)

45.0
(36.9-53.4)

48.7
(44.5-53.0)

35.1
(31.3-39.2)

70.7
(66.6-74.4)

75 27.6
(23.4-32 3)

21.9
(18.4-25.9)

58.2
(52.3-63.8)

30.0
(21.4-40.3)

21.2
(16.1-27.3)

57.1
(48.7-65.1)

54.6
(50.2-59.0)

40.1
(35.9-44.6)

76.9
(73.1-80.2)

80 32.6
(27.6-38.0)

27.7
(23.0-32.9)

67.8
(61.6-73.5)

35.2
(25.6-46.2)

28.1
(21.5-35.8)

71.5
(63.0-78.8)b

60.4
(55.7-65.0)

45.4
(40.2-50.7)

82.1
(78.5-85.2)

85 38.0
(32.2-44 2)

34.2
(27.7 41.4)

76.2
(69.8-81.6)

40.8
(30.3-52.3)

36.3
(27.3-46.4)

74.0
(65.5-81.0)b

66.0
(60.3-70.7)

50.7
(44.3-57.1)

86.3
(32.9-89.2)

90 43.8
(37.0-50.7)

41.5
(32.7-50.8)

82.9
(76.6-87.7)

43.1
(32.2-54.7)b

39.9
(29.7-51.0)b

71.1
(65.7-75.9)

56.1
(48.3-63.5)

89.1
(85.9-91.7)b

Abbreviations; APOE, apolipoprotein E; MCI, mild cognitive impairment; SCI, subjective cognitive impairment.

a
The prevalence estimates were generated from generalised estimating equations. Amyloid positivity in the total group was modeled using age and 

cognitive status as predictors. Amyloid positivity according to APOE-ε4 status was modeled with age, cognitive status, APOE-ε4 status, an 
interaction between age and cognitive status, and an interaction between age and APOE-ε4 status. Table 3 displays the number of participants and 
observed probabilities of amyloid positivity per age subgroup. Mo estimate was provided if the 5-year range around the indicated column age 
included no participants.

b
No participants available with the exact age; prevalence estimated at nearest age.
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Table 3

Observed Probabilities of Amyloid Positivitya

Normal Cognition SCI MCI

Age Group Total APOE-ε4− APOE-ε4+ Total APOE-ε4− APOE-ε4+ Total APOE-ε4− APOE-ε4+

47 5-52.4 y 13.2
(15/114)

7.9
(5/63)

17.2
(5/29)

19.2
(5/26)

0.0
(0/8)

0.0
(0/8)

25.0
(16/64)

19.4
(7/36)

44.4
(8/18)

52 5-57.4 y 15.3
(38/249)

6.9
(8/116)

23.1
(15/65)

10.6
(12/113)

8 3
(4/48)

7.3
(3/41)

26.6
(78/293)

22.0
(24/109)

53.8
(42/78)

57 5-62.4 y 12.1
(36/296)

10.0
(16/160)

26.1
(12/46)

16.9
(29/171)

5 2
(5/96)

35.2
(19/54)

39.1
(181/463)

30.4
(58/191)

51.4
(95/185)

62 5-67.4 y 22.6
(110/485)

13.4
(31/232)

40.6
(54/133)

16.8
(24/143)

4 5
(3/66)

30.4
(14/46)

45.5
(303/666)

27.7
(74/267)

67.1
(171/255)

67 5-72.4 y 24.1
(128/53C)

17.1
(50/292)

40.7
(55/135)

26.0
(32/123)

16.1
(9/56)

42.9
(12/28)

54.5
(461/845)

35.0
(104/297)

77.1
(272/353)

72 5-77.4 y 32.2
(164/510)

23.3
(70/301)

61.3
(65/106)

44.0
(33/75)

25.0
(7/28)

59.3
(16/27)

57.2
(494/864)

44.4
(154/347)

79.1
(250/316)

77 5-82.4 y 42.0
(111/264)

35.1
(60/171)

65.5
(36/55)

31.8
(7/22)

33.3
(3/9)

62.1
(323/520)

49.2
(117/238)

86.9
(153/176)

82 5-87.4 y 49.0
(103/210)

41.7
(55/132)

76.5
(39/51)

57.1
(8/14)

50.0
(4/8)

60.3
(135/224)

51.4
(57/111)

81.9
(59/72)

87 5-92.4 y 51.0
(25/49)

42.9
(15/35)

87.5
(7/8)

61.4
(35/57)

58.5
(24/41)

1000
(7/7)

Abbreviations: APOE, apolipoprotein E; MCI, mild cognitive impairment; SCI, subjective cognitive impairment.

a
Data are observed probabilities in % (No amyloid positive/No. total subgroup). No estimates were provided if the age group included <5 

participants.
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Table 4

Odds Ratios for the Association Between APOE Genotype and Amyloid Positivity at Age 70 Yearsa

APOE Genotype

ε3ε3 ε2ε3 ε2ε4 ε3ε4 ε4ε4

Normal cognition

OR (95% CI) 1 [Reference] 0 34 (0.23-0.51) 4.29 (2.67-6.90) 2.94 (2.34-3.70) 18.76 (5.47-64.37)

P value <.001 <.001 <.001 <.001

No amyloid positive (%) 275 (22.4) 22 (8.6) 17 (41.5) 213 (40.1) 45 (69.2)

MCI

OR (95% CI) 1 [Reference] 0 59 (0.48-0.73) 2.38 (0.98-5.81) 3.52 (2.73-4.55) 14.50 (8.14-25.81)

P value <.001 .06 <.001 <.001

No. amyloid positive (%) 490 (38.7) 57 (27.0) 35 (56.5) 666 (67.2) 261 (86.7)

Abbreviations: APOE, apolipoprotein E: OR, odds ratio; MCI, mild cognitive impairment.

a
The ORs were generated from generalized estimating equations separately in participants with normal cognition and MCI. The models included 

age, APOE genotype, an interaction between age and APOE genotype, and a quadratic age term in the normal cognition model as predictors. P 
values represent the significance of the OR for amyloid pcsitivity compared with the ε3ε3 genotype. The ε2ε2 genotype was excluded because of 
the small number of participants in this group.
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Abstract
The development of novel treatments for Alzheimer’s
disease (AD), aimed at ameliorating symptoms and
modifying disease processes, increases the need for ear-
ly diagnosis. Neuropsychological deficits such as poor
episodic memory are a consistent feature of early-in-the-
course AD, but they overlap with the cognitive impair-
ments in other disorders such as depression, making dif-
ferential diagnosis difficult. Computerised and tradition-
al tests of memory, attention and executive function
were given to four subject groups: mild AD (n = 26); ques-
tionable dementia (QD; n = 43); major depression (n = 37)
and healthy controls (n = 39). A visuo-spatial associative
learning test accurately distinguished AD from de-
pressed/control subjects and revealed an apparent sub-
group of QD patients who performed like AD patients.
QD patients’ performance correlated with the degree of
subsequent global cognitive decline. Elements of con-
textual and cued recall may account for the task’s sensi-
tivity and specificity for AD.

Copyright © 2001 S. Karger AG, Basel
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11. DEVICE DESCRIPTION

Product Name: Cantab Mobile 
Indication: Assess Memory in Patients Aged 50 to 90 Years 

Sponsor 

     © Cambridge Cognition Limited 
Tunbridge Court 
Tunbridge Lane 

Bottisham 
Cambridge, CB25 9TU 

UK 
Tel: +44 (0) 1223 810 700 
Fax: +44 (0) 1223 810 701 

United States Agent 
Clementi and Associates Ltd. 

919 Conestoga Road 
Rosemont, PA  19010 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, disclosed, used 
or destroyed without written authorization by Cambridge Cognition. © Copyright Cambridge Cognition 2016. 

All rights reserved. All trademarks acknowledged. 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION IS USED. 
PRINTED COPIES ARE UNCONTROLLED.  
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The test is not susceptible to environmental influences within the defined environment for its 
administration. We instruct that physicians must always administer the tests in a quiet, 
peaceful environment, with the iPad volume level set so that the patient can clearly hear 
instructions being given.  For patients with impaired hearing, additional support may need to 
be provided to ensure they can correctly hear and understand the instructions during the test, 
e.g. use headphones. 

A technical wireframe, or mobile app screen blueprint, of Cantab Mobile is a supportive 
document that presents the skeletal framework, interface elements, and navigational flow 
(See Cantab Mobile Wireframes).   

Patient Data Entry 

Prior to the PAL test itself, the healthcare professional administering the test enters patient 
data (patient ID, date of birth, gender, educational background etc.).2 This is used in 
assessing the patient’s performance against a set of normative data. 

Figure 2. Data Entry Screen 

Memory Test 

Cantab Mobile provides an optional patient self assessment of memory (Self Assess - 
enabled on the data entry screen).  If this assessment is enabled, the patient will rate his/her 
memory prior to taking Cantab PAL.  The patient is presented a rating scale against which 
they rate their memory as above average (left of center), average (center), or below average 
(right of center) (See Appendix A).  Comparing self-rated memory with the objective 

2 Patient details must be entered correctly. Incorrect patient details can lead to incorrect reporting of patient 
impairment. 
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measure of memory, provided by Cantab PAL, can reveal any discrepancies between actual 
and perceived memory ability.   

The Cantab Mobile memory test is based on the Cantab PAL test previously used on other 
hardware platforms. The Cantab PAL requires patients to learn and remember abstract visual 
patterns associated with various locations on a touch-sensitive computer screen. The patterns 
were all created to be bold, brightly colored, abstract and with no cultural context 
See Appendix B for examples of patterns used. 

Patterns are presented in six boxes around the edge of the screen (See Figure 3). The 
patterns disappear from the screen, leaving empty boxes and, after a brief delay, the same 
patterns are presented sequentially in the middle of the screen and the patient is required to 
touch the box in which they previously saw that pattern appear. (Figure 4) 

Figure 3. Pattern Appears in Box 
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a button with a backward arrow allows the user to return to the preceding question (if any) 
and choose again.  See Figure 5 below for an example of a GDS-15 rating scale question and 
its format, as it is presented in the app. 

Figure 5. GDS Rating Scale and Format 

Administration of the ADL rating scale comprises a series of questions, each presented in 
turn textually on the screen using the language in force3, with the introductory text given 
above the question and buttons below to allow the patient to choose from the responses 
permitted for the question. A progress bar gives an approximate indication of progress 
through the questions and a button with a backward arrow allows (except on questions 1 and 
11) the user to return to the preceding question and choose again.

3 The entire user interface respects the text direction (left-to-right or right-to-left) of the language in force 
including the backward arrow button and progress bar 

(b) (4)
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Device Classification 

The device is presently classified IIa under EU directive 93/42/EEC. It is standalone 
software that could be regarded as allowing monitoring of vital physiological processes 
(MEDDEV 2.1/6 section 3.1.1).   

(b) (4)
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2 SPECIFICATIONS 
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Device Safety Characteristics and Risks 

Risk management for the device is handled under controlled procedures within a Quality 
Management System. These procedures are designed to meet applicable requirements of 
EN ISO 13485:2012 and EN ISO 14971:2012. 

Identification of characteristics of the device that could impact on safety are documented in 
QRM-01-001. Risk analysis was conducted according to a risk analysis plan referencing 
controlled procedures, namely QRM-02-002, and the conclusion of the risk analysis process 
is documented in report QRM-02-003. 

The summary of all points of the risk analysis is provided in QRM-02-001. 
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Appendix C. Mood Assessment (GDS) 

The Mood Assessment (GDS) is automatically administered. Cantab PAL performance is 
not a conditional factor in administering the Mood Assessment.  

Are you basically satisfied with your life? 
☐ Yes 
☐ No 

Have you dropped many of your activities and interests? 
☐ Yes 
☐ No 

Do you feel that your life is empty? 
☐ Yes 
☐ No 

Do you often get bored? 
☐ Yes 
☐ No 

Are you in good spirits most of the time? 
☐ Yes 
☐ No 

Are you afraid that something bad is going to happen to you? 
☐ Yes 
☐ No 

Do you feel happy most of the time? 
☐ Yes 
☐ No 

Do you often feel helpless? 
☐ Yes 
☐ No 

Do you prefer to stay at home, rather than going out and doing new things? 
☐ Yes 
☐ No 
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Do you feel you have more problems with memory than most? 
☐ Yes 
☐ No 

Do you think it is wonderful to be alive now? 
☐ Yes 
☐ No 

Do you feel pretty worthless the way you are now? 
☐ Yes 
☐ No 

Do you feel full of energy? 
☐ Yes 
☐ No 

Do you feel that your situation is hopeless? 
☐ Yes 
☐ No 

Do you think that most people are better off than you are?  
☐ Yes 
☐ No 
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Appendix D. Functional Assessment (ADL) 

This test is automatically administered after Cantab PAL if the patient’s Cantab PAL 
performance has indicated that they fall in the “Investigate” category 

Part 1: 

In the past 3 months, were you able to: 

Do your own shopping? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Prepare meals? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Write checks, pay bills, or use an ATM case machine? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Travel by car or public transport? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Carry out housework, laundry or home repairs? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
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Do hobbies such as a card games or crosswords? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Follow the story of a TV program, book or movie? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Keep track of current events in the news or the media? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Remember appointments or important dates such as birthdays? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Remember to take your medication? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Part 2: 

Can you: 

See well enough to recognize someone across the street (wearing glasses or contact 
lenses if necessary?) 
☐ Yes 
☐ No 

Hear what people are saying when they are speaking at a normal volume? 
☐ Yes 
☐ No 

Walk up and down a set of stairs without help? 
☐ Yes 
☐ No 
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Cantab Mobile 

1. Purpose and scope

This Risk Management Plan describes the activities undertaken to assess the risks
associated with Cantab Mobile This plan complies with the requirements of EN ISO
14971:2012 Medical Devices – Application of risk management to medical devices.

2. Introduction

Cantab Mobile is medical device software, for assessment of cognition in a healthcare 
environment. Refer to PTF-001-001 for an overview of the device. 

3. Risk Management Plan

This Risk Management Plan has been developed in accordance with the requirements of EN
ISO 14971:2012, SOP QRM-01, Risk Management File and SOP QRM-02, Risk
Management Process.

The plan is divided into two phases:
i) Description of the intended use of the device and identification of the characteristics 

that could affect the safety of the device to patients, carers and the environment. 
Annex C of EN ISO 14971:2012 will be used to identify the device characteristics 
that could impact on safety. 

ii) Identification of known or foreseeable hazards using as a guide, Annex E of EN ISO 
14971:2012. For each hazard identified, its risk potential will be estimated based on 
the severity and occurrence likelihood identified in this plan and SOP QRM-02, Risk 
Management Process and the actions taken to reduce the risk(s) identified. 
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On completion of the above analyses the Project Manager will review the actions to ensure that 
the risk control measures are appropriate for reducing the risk(s) to an acceptable level. If any 
residual risk has a ‘high’ level of concern, the Project Manager will ensure that the medical 
benefits of the device outweigh the residual risks. A Risk Summary Report will be prepared and 
added to the Risk Management File. 

4. Responsibilities

The Project Manager is responsible for: 
 Ensuring a Risk Management File is prepared for each project undertaken by the

company; 
 Assembling a Risk Management Team for the project with inputs from personnel having

the appropriate knowledge and skills. 

The Quality Manager has overall responsibility for the Risk Management Process. 

The Risk Management Team will consist of, as a minimum, the Project Manager and the Quality 
Manager. 

5. Risk estimation

The occurrence of the hazard shall be evaluated according to the following: 

       Occurrence of the Hazard 
Ranking Selection Meaning 

1 Remote So unlikely, occurrence is not expected 
2 Rare Unlikely. Feasible but unlikely in common use 
3 Occasional Shall occur relatively infrequently. May occur under 

certain conditions 
4 Frequent Can expect to occur with some regularity. Testing 

shows occurrence is predictable. 
5 Continuously occurring Shall occur on a regular basis. Known performance 

litigation. 

The severity of the harm shall be evaluated according to the following and estimated based on 
the most likely type of injury to the end user. 

Severity of the harm 
Ranking Selection Meaning 

1 None No adverse health consequence. Could cause 
minor nuisance or inconvenience to end user 

2 Limited Transient, self limiting illness or injury. Could cause 
temporary discomfort. 

3 Moderate Significant impairment, but temporary/reversible 
4 Severe Serious injury, permanent impairment, irreversible. 
5 Life threat Life threatening, death could occur 
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The risk shall be evaluated using the following table: 

SEVERITY 

LEVEL 1 2 3 4 5 

5 M M H H H 
4 M M M H H 
3 L M M H H 
2 L L M M M 
1 L L M M M 

6. Level of concern

High: 
If operation of the device directly affects the patients and/operator so that failures or latent flaws 
could result in death or serious injury to the patient and/or operator. Also considered ‘high’ if the 
device indirectly affects the patient and/or operator (e.g. through the action of care provider) such 
that incorrect or delayed information could result in death or serious injury of the patient and/or 
operator. 

Medium: 
If the operation of the device directly affects the patient and/or operator so that failures or latent 
design flaws could result in non-serious injury to the patient and/or operator. Also considered 
‘medium’ if the device indirectly affects the patient and/or operator (e.g. through the action of a 
care provider) where incorrect or delayed information could result in non-serious injury to the 
patient and/or operator. 

Low: 
If failures or latent design flaws would not be expected to result in any injury to the patient and/or 
operator. 

O 

C 
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R 

R 
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N 

C 

E 
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1. Purpose

The purpose of this document is to review the Risk Management Plan and the associated 
documents to determine their compliance with the requirements of EN ISO 14971:2012 Medical 
Devices – Application of Risk Management to Medical Devices. 

2. Introduction

The Risk Management Plan is divided into two phases: 
i) Description of the intended use of the device and identification of the 

characteristics that could affect the safety of the device to patients, carers and the 
environment. Annex C of EN ISO 14971:2012 will be used to identify the device 
characteristics that could impact on safety. 

ii) Identification of known or foreseeable hazards, using as a guide, Annex E of EN 
ISO 14971:2012. For each hazard identified, its risk potential will be estimated 
based on the severity and occurrence likelihood identified in the Risk Management 
Plan and SOP QRM-02, Risk Management Process and the actions taken to 
reduce the risk(s) identified. 

On completion of the above analyses the Project Manager will review the actions to ensure that 
the risk control measures are appropriate for reducing the risk(s) to an acceptable level. If any 
residual risk has a ‘high’ level of concern, the Project Manager will ensure that the medical 
benefits of the device outweigh the residual risks. 

3. Review of medical device characteristics that could impact on safety

QRM-01-001 v4.0 addresses the characteristics that could impact on safety identified in EN 
ISO 14971:2012, Annex C. 

4. Review of hazards

All hazards identified in QRM-02-001 v6.0 have an acceptable level of concern hence no 
reports are required to demonstrate that medical benefits of the device outweigh the residual 
risks. 
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5. Conclusion

This report confirms that the hazards associated with Cantab Mobile have been identified and 
the risks associated with each hazard estimated and evaluated. The methods for mitigating 
these risks have been identified. On completion of this Risk Management Process all residual 
risks have an acceptable level of concern. 

This Risk Management Plan will be reviewed as a result of any negative post market feedback. 
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12. Substantial Equivalence Discussion 

 

This section is not applicable.  This material is covered in the Executive Summary of this 

submission (Section 10).   
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14. Sterilization and Shelf Life 

 

Sterilization and shelf-life regulations are not applicable to Cantab Mobile. Therefore, 

this section is not applicable.  
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15. Biocompatibility 

 

This section is not applicable.  
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Cantab Mobile 

16. Software

This report outlines Cambridge Cognition’s software development lifecycle and procedures 
relevant to medical device software development with respect to the requirements of IEC 
62304:2006 Medical device software – Software life cycle processes for class A software 
systems. Documents referenced in the report are available upon request. 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, 

disclosed, used or destroyed without written authorization by Cambridge Cognition. © Copyright 
Cambridge Cognition 2016. All rights reserved. All trademarks acknowledged. 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION IS 
USED. PRINTED COPIES ARE UNCONTROLLED.  

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 

Cantab Mobile 

17. Electromagnetic Compatibility and Electrical Safety 
 

Cantab Mobile’s device design does not include an electronic component in which an 
evaluation of its electromagnetic compatibility (EMC) is applicable.  Therefore, this 
section is not applicable.  
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18. Performance Testing - Bench 
 

No bench tests were conducted as a part of this 510(k) submission. Therefore, this section 
is not applicable.  
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19. Performance Testing - Animal 

 

Animal performance testing is not applicable to Cantab Mobile’s testing and 

development. Therefore, this section is not applicable.  
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Appendix D: Cognitive impairment in depression: a systematic 
review and meta-analysis 

The referenced article is shown below 

Rock, P. L., Roiser, J. P., Riedel, W. J., & Blackwell, A. D. (2013). Cognitive impairment in depression: a 
systematic review and meta-analysis. Psychological medicine, 1-12. 
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Cognitive impairment in depression: a systematic
review and meta-analysis

P. L. Rock1,2*, J. P. Roiser3, W. J. Riedel1,4,5 and A. D. Blackwell1,4

1Cambridge Cognition, Bottisham, Cambridge, UK
2Department of Psychiatry, University of Oxford, UK
3UCL Institute of Cognitive Neuroscience, London, UK
4Department of Psychiatry, University of Cambridge, UK
5Faculty of Psychology and Neuroscience, Maastricht University, The Netherlands

Background. This review aimed to address the question of whether cognitive impairment should be considered a core
feature of depression that may be a valuable target for treatment.

Method. We conducted a systematic review and meta analysis of cognitive function, assessed with a single neuro
psychological test battery, the Cambridge Neuropsychological Test Automated Battery (CANTAB), in patients with
depression during symptomatic and remitted states. Inclusion of studies comparing patients remitted from depression
and controls enabled us to investigate whether cognitive impairment persists beyond episodes of low mood in
depression.

Results. Our meta analysis revealed significant moderate cognitive deficits in executive function, memory and attention
in patients with depression relative to controls (Cohen’s d effect sizes ranging from 0.34 to 0.65). Significant moderate
deficits in executive function and attention (Cohen’s d ranging from 0.52 to 0.61) and non significant small/moderate
deficits in memory (Cohen’s d ranging from 0.22 to 0.54) were found to persist in patients whose depressive symp
toms had remitted, indicating that cognitive impairment occurs separately from episodes of low mood in depression.

Conclusions. Both low mood and cognitive impairment are associated with poor psychosocial functioning.
Therefore, we argue that remediation of cognitive impairment and alleviation of depressive symptoms each play an
important role in improving outcome for patients with depression. In conclusion, this systematic review and meta
analysis demonstrates that cognitive impairment represents a core feature of depression that cannot be considered an
epiphenomenon that is entirely secondary to symptoms of low mood and that may be a valuable target for future
interventions.

Received 16 June 2013; Revised 16 September 2013; Accepted 17 September 2013; First published online 29 October 2013

Key words: Attention, CANTAB, cognition, depression, executive function, memory.

Introduction

Cognitive impairment is frequently observed in
patients suffering from depression and is associated
with poor response to treatment (Potter et al. 2004;
Story et al. 2008; Roiser et al. 2012). Impaired cognition
has been estimated to occur in around two-thirds of
depressed patients (Abas et al. 1990; Butters et al.
2004; Afridi et al. 2011). Impaired ability to think, con-
centrate or make decisions is a DSM-IV-TR (APA,
2000) diagnostic criterion for major depressive epi-
sode. Consistent with this, several systematic reviews
have demonstrated cognitive deficits in patients suf-
fering from depression (Burt et al. 1995; Veiel, 1997;

Zakzanis et al. 1998; Stefanopoulou et al. 2009; Snyder
2013), including first-episode patients (Lee et al. 2012).

Impairments in cognition have been found to persist
beyond acute episodes of depression, and between
one-third and one-half of remitted depressed patients
are thought to be affected by cognitive deficits (Abas
et al. 1990; Bhalla et al. 2006; Reppermund et al. 2009).
Furthermore, one study revealed that 94% of patients
who had cognitive impairment while depressed con-
tinued to experience deficits in cognition when remit-
ted from depression (Bhalla et al. 2006).

To our knowledge, to date, only two groups have
reviewed cognitive function in patients remitted from
depression (Hasselbalch et al. 2011; Bora et al. 2013).
The review by Hasselbalch et al. (2011) included 500
remitted patients (and 472 controls) and revealed im-
paired cognitive performance in nine of the 11 in-
cluded studies. Their review also assessed the associ-
ation between cognitive function and other clinical

* Address for correspondence: P. L. Rock, D.Phil., Cambridge
Cognition, Tunbridge Court, Tunbridge Lane, Bottisham, Cambridge
CB25 9TU, UK.

(Email: philippa.rock@gmail.com)

Psychological Medicine (2014), 44, 2029–2040. © Cambridge University Press 2013
doi:10.1017/S0033291713002535
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features such as residual depressive symptoms and
current medication status. However, drawbacks of
this review relate to the large number of different cog-
nitive tests that were used across studies and the lack
of implementation of standardized effect sizes to
reflect magnitude of impairment. Meanwhile, the re-
view by Bora et al. (2013) included 895 remitted
patients (and 997 controls) from 27 studies and,
using standardized effect sizes, revealed cognitive
deficits in a composite measure of global cognition,
in individual cognitive domain composites and in a
subset of specific tasks. The review also separately as-
sessed cognitive function in early-onset and late-onset
patients and included a meta-regression to uncover the
influence of other clinical and demographic factors on
cognitive performance. Again, a minor drawback of
this review is that task-specific analyses were limited
to a subgroup of cognitive tests for which there were
sufficient data; therefore, cognitive domain and global
cognition meta-analyses necessarily included results
from a variety of cognitive tests. A review of the longi-
tudinal course of cognitive function in depression
revealed that improvements in mood were most
closely related to improvements in verbal memory,
verbal fluency and psychomotor speed, whereas atten-
tion and executive function remained impaired across
treatment (Douglas & Porter, 2009).

Our aim was to conduct a systematic review and
meta-analysis to investigate the degree of cognitive
impairment in patients with depression during symp-
tomatic and remitted states, focusing on studies
that used a single neuropsychological test battery,
the Cambridge Neuropsychological Test Automated
Battery (CANTAB). Our rationale for including only
CANTAB studies was to enable assessment of a
broad range of cognitive domains but with consistent
tasks implemented across reviewed studies, thereby
ensuring interstudy homogeneity. We predicted that
cognitive deficits would be observable in both de-
pressed and remitted states.

Method

Systematic review

Studies were identified by searching PubMed and
Google Scholar using the following search terms:
‘Cambridge neuropsychological test automated battery’
or ‘CANTAB’ and any CANTAB test name (e.g. ‘Spatial
Span’) or its acronym (‘SSP’) and ‘depression’ or ‘de-
pressed’ during the period from 1980 to December
2012. The CANTAB neuropsychological tests included
in the search involved the domains of executive func-
tion, memory, attention and reaction time, as follows.

Executive function

(One Touch) Stockings of Cambridge (OTS/SOC; Owen
et al. 1990). This task was derived from the Tower of
London test and assesses visual planning, reasoning
and impulsivity. Outcome measures analysed were
the number/percentage correct or number of moves
above the minimum [for all problems or difficult
(four/five-move) problems].

Spatial Working Memory (SWM; Owen et al. 1995). This
self-ordered search task is based on foraging behaviour
and assesses working memory and strategy use. Par-
ticipants search for tokens without returning to pre-
vious token locations. Outcome measure analysed
was between-search errors.

Intra Extra Dimensional Set Shift (IED; Rogers et al. 1999).
This test of cognitive flexibility, analogous to the
Wisconsin Card Sorting Test (WCST), has multiple
stages segregating cognitive processes that assess
rule learning, rule reversal and attentional set-shifting.
Outcome measures analysed were total errors, extra-
dimensional shift errors (adjusted) or stages com-
pleted.

Spatial Span (SSP; Kempton et al. 1999). This is a task of
spatial short-term memory based on the Corsi block-
tapping task. Outcome measure analysed was spatial
span.

Memory

Delayed Matching to Sample (DMS; Robbins et al. 1994).
In this test participants remember the visual features
of a complex, abstract target stimulus and select it
from a choice of four target patterns after a variable
delay. Outcome measures analysed were total/percent-
age correct (for all trials or 12-s delay trials).

Paired Associates Learning (PAL; Sahakian et al. 1988). In
this test participants learn the locations of a progress-
ively increasing number of abstract stimuli. Outcome
measures analysed were total errors (adjusted) or
first trials correct.

Pattern Recognition Memory (PRM; Owen et al. 1995).
This is a two-forced-choice test of abstract visual pat-
tern recognition memory. Outcome measures analysed
were total/percentage correct.

Spatial Recognition Memory (SRM; Owen et al. 1995).
This two-forced-choice discrimination paradigm tests
spatial recognition memory. Outcome measures ana-
lysed were total/percentage correct.

2030 P. L. Rock et al.
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Attention

Rapid Visual Information Processing (RVP; Sahakian et al.
1989). This is a continuous performance test that as-
sesses sustained attention, signal detection and impul-
sivity. Participants monitor a stream of single digits for
three-digit target sequences. Outcome measures ana-
lysed were target sensitivity or total hits/omissions.

Reaction time

Reaction Time (RTI; Sahakian et al. 1993). This is a test
of simple and five-choice reaction time. Outcome
measure analysed was five-choice reaction time.

Inclusion criteria

The inclusion criteria for studies were: (1) used DSM
or ICD criteria to diagnose major depressive disorder;
(2) included a healthy control group; (3) used
CANTAB to assess cognitive function in currently de-
pressed patients and/or remitted depressed patients;
and (4) reported sufficient data to estimate Cohen’s d
effect sizes, that is the group mean and either standard
deviation or standard error data (and number of sub-
jects in each group) were available for both patients
and controls.

Our search revealed 24 studies including 784
currently depressed patients (and 727 controls) and
six studies including 168 remitted depressed patients
(and 178 controls) that met our inclusion criteria (see
Table 1). The criteria for remitted depression varied
across studies and are shown in Table 1.

Meta-analysis

Meta-analysis was performed using Review Manager
(RevMan, 2011). For each study, Cohen’s d effect
sizes (Cohen, 1988) were calculated as the mean differ-
ence between test performance scores for patients com-
pared to controls divided by the pooled standard
deviation; negative effect sizes reflected deficits com-
pared to controls. Subsequently, for each test, effect
sizes were weighted using the inverse variance method
within a random-effects model and pooled across all
studies with available data. Pooled effect sizes were
reported for tests only when data from three or more
studies were available. In addition to meta-analyses
for currently depressed patients versus controls and re-
mitted depressed patients versus controls, a separate
subanalysis was conducted for currently depressed
patients who were unmedicated at the time of assess-
ment versus controls. There were insufficient studies
of unmedicated remitted depressed patients to include
a subanalysis of this population. Influenced by
Cohen’s convention regarding the magnitude of
effect sizes (Cohen, 1988), a Cohen’s d effect size in

the range 0.2 0.35 was considered small, in the range
0.35 0.65 moderate and >0.65 large. Statistical infer-
ences were made based upon analysis of 95% confi-
dence intervals (CIs).

Results

Profile of cognitive deficits in currently depressed
patients

Cohen’s d effect sizes were calculated based on data
from 24 studies that used CANTAB tests in 784 cur-
rently depressed patients and 727 controls. Fig. 1
shows the weighted, pooled Cohen’s d effect sizes
for the comparison between depressed patients and
healthy controls (black bars), and Table 2 presents
detailed meta-analysis results.

Currently depressed patients showed significant
moderate deficits compared to healthy controls across
the cognitive domains of executive function (Cohen’s
d ranged from 0.34 to 0.54), memory (Cohen’s d
ranged from 0.41 to 0.50) and attention (Cohen’s
d was 0.65), and there was no significant deficit in re-
action time (Cohen’s d was 0.07). The non-significant
finding for reaction time should be treated with cau-
tion because the results seem to have been affected
by one study for which depressed patients showed sig-
nificantly superior performance to controls. Indeed,
when this study was excluded, currently depressed
patients showed a nearly significant small deficit
in reaction time compared to controls (d= 0.32,
95% CIs 0.59 to 0.05). Supplementary Fig. S1 (avail-
able online) presents forest plots depicting performance
of currently depressed patients relative to controls.

Subanalysis: profile of cognitive deficits in
unmedicated currently depressed patients

Cohen’s d effect sizes were calculated based on data
from eight studies that used CANTAB tests in 271 cur-
rently depressed patients who were unmedicated at
the time of assessment and 267 controls. There were
sufficient data to calculate weighted, pooled effect
sizes for all executive function tasks, all memory
tasks, and for the task of attention; insufficient data
were available to calculate a weighted, pooled effect
size for the reaction time task. Table 2 presents detailed
meta-analysis results.

Unmedicated currently depressed patients showed
significant moderate deficits compared to healthy con-
trols on one executive function task (SWM; Cohen’s
d was 0.46), two memory tasks (DMS and PRM;
Cohen’s d ranged from 0.33 to 0.36) and the atten-
tion task (RVP; Cohen’s d was 0.59). Although nega-
tive Cohen’s d effect sizes (ranging from 0.06 to
0.49) were recorded for all remaining tasks, the
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Table 1. Study characteristics and patient demographics for currently depressed and remitted depressed comparisons

First
author Year

Currently depressed patients Controls

Notesn (female) Age (years) Diagnostic criteria Depression symptoms Medication status n (female) Age (years)

Beats 1996 24 (12) 72.0±5.9 DSM III R HAMD x 29.6±5.1;
MADRS 40.3±7.2

Twenty one medicated, three
medication free

15 (9) 69.3±6.6 Minimum age of 60

Boeker 2012 28 (13) 39.7±11.4 DSM x; HAMD 21
524; BDI 524

HAMD 21 28.5±7.0;
BDI 25.9±8.2

Nineteen medicated, nine
medication free

28 (13) 35.0±7.4

Braw 2011 25 (14) 54.0±0.9 DSM IV;
HAMD 17>14

HAMD 17 31.3±1.3;
BDI 30.8±1.4

All unmedicated for 1 month prior
to testing

25 (17) 54.2±0.9 Late adulthood group
aged 46 65

30 (16) 35.0±1.0 DSM IV;
HAMD 17>14

HAMD 17 32.5±1.1;
BDI 33.5±1.4

All unmedicated for 1 month prior
to testing

30 (16) 34.5±1.1 Middle adulthood
group aged 25 45

30 (20) 17.1±0.5 DSM IV; CDRS
540

CDRS R 67.5±2.0;
BDI 32.6±1.3

All unmedicated for 1 month prior
to testing

30 (18) 17.5±0.6 Young adult group aged
<25

Cannon 2009 18 (11) 31±11 DSM IV MADRS 22±5.3;
IDS C 27±6.5

All unmedicated (of whom
11 treatment naïve)

19 (11) 31±8.5 Aged 18 55

Elliott 1996 28 (19) 49.9±1.7 DSM III R HAMD x 22.4±0.8;
MADRS 34.0±1.1

All medicated 22 (15) 48.1±1.2 Aged 40 70

Elliott 1997 6 (1) 34.7 (21 48) DSM IV HAMD x 23.8
(20 29); MADRS 35.3
(x 39)

Five medicated, one unmedicated 6 (1) 31.0 (18 55)

Erickson 2005 20 (10) 37.2±11.9 DSM IV MADRS 25.4±7.1 All unmedicated for 3 weeks
prior to testing
(of whom four medication naïve)

Matched
(not stated)

Matched
(not stated)

All had illness onset
before age 40

Grant 2001 48 39.0±10.4 DSM IV HAMD 17 16.7±5.4 All unmedicated patients for
28 days prior to testing

31 40.2±9.7 Demographics are for a
larger sample from
which these subjects
were drawn

Heinzel 2010 20 (11) 40.0±9.9 DSM IV;
HAMD 21 524

HAMD 21 33.1±7.1;
BDI 29.9±4.9

All unmedicated for 1 week
prior to testing

29 (21) 35.3±7.3

Kyte 2005 30 (18) 15.3±2.5 K SADS PL HAMD x 10.9±6.8 Medicated and unmedicated
adolescents

49 (29) 15.2±2.1

Lyche 2010 37 (23) 44.2±12.3 DSM IV BDI 21.4±11.1 Thirteen medicated,
24 unmedicated

91 (63) 35.8±12.0

Maalouf 2010 20 (16) 34.2±9.4 DSM IV;
HAMD 25 517

HAMD 5 24.8±5.8 All medicated 28 (19) 31.9±9.4

Maalouf 2011 20 (17) 15.3±1.6 DSM IV;
K SADS PL

CDRS 58.6±10.9 Thirteen medicated,
seven unmedicated

17 (9) 15.2±1.8

Matthews 2008 14 (14) 14.5±1.2 ICD 10; CAPA C MFQ 41.3±10.4 All medication naïve 14 (14) 14.4±1.0
Michopoulos 2008 40 (40) 52.7±10.8 DSM IV TR HAMD 17 20.0±4.0 All medicated 20 (20) 49.8±12.7
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Michopoulos 2006 11 (11) 50.9±10.5 DSM IV HAMD x 20.8±3.1 All medicated 11 (11) 52.8±14.1 Melancholic subgroup
11 (11) 47.8±12.3 DSM IV HAMD x 18.7±4.2 All medicated Non melancholic

subgroup
Murphy 2003 27 (14) 38.9±9.7 DSM IV HAMD x 23.6±4.2;

MADRS 34.3±5.4
Twenty six medicated, one
unmedicated

23 (12) 39.1±10.8

O’Brien 2004 61 (48) 73.9±6.7 DSM IV; MADRS
520

MADRS 30.7±7.1 Mostly medicated (numbers
not stated)

40 (30) 73.3±6.7 Aged over 60

Porter 2003 44 (29) 32.9±10.6 DSM IV HAMD 17 21.1±4.4;
MADRS 28.9±5.5;
BDI 27.9±10.2

All unmedicated (of whom
26 medication naïve)
for 6 weeks prior to testing

44 (29) 32.3±11.4

Purcell 1997 20 (12) 37.5 (18 52) DSM IV HAMD 24 22.6±5.6 Twelve medicated, eight
unmedicated for
2 months prior to testing

20 (12) 37.2 (21 60)

Reppermund 2009 53 (28) 43.5±8.0 DSM IV HAMD x 25.1±5.1 Fifty medicated, three
unmedicated

13 (7) 46.4±9.5

Swainson 2001 37 60.8±8.6 DSM IV HAMD x 21.4±6.2 Not stated 39 64.4±8.5
Sweeney 2000 58 (39) 32.3±9.1 DSM IV HAMD 17 21.6±4.3 Medicated patients 51 (39) 36.3±9.7
Taylor
Tavares

2007 22 (17) 38.6±8.1 DSM IV MADRS 25.5±7.5 Unmedicated patients 25 (18) 34.8±8.8

Tsaltas 2010 15 (15) 47.8±11.7 DSM IV TR HAMD 24 27.6±5.6 All medicated 15 (15) 49.3±11.6 Non referred subgroup
15 (15) 48.5±11.2 DSM IV TR HAMD 24 31.9±6.5 All medicated Referred subgroup

First
author Year

Remitted patients
Controls

Notesn (female) Age (years) Diagnostic criteria Euthymia definition
Depression
symptoms

Medication
status n (female) Age (years)

Beats 1996 19 (10) 73.6±5.4 DSM III R MADRS <10 HAM D
4.7±2.6;
MADRS
6.5±4.5

Mostly
medicated

15 (9) 69.3±6.6

Clark 2005a 15 (11) 45.2±10.9 DSM IV HAMD x <9 HAMD x
2.1±2.9

Six medicated,
nine
unmedicated

46 (23) 39.2±12.2
Clark 2005b

Herrera
Guzman

2010 60 20 50 DSM IV HAMD 17 <6 HAMD 17
0.7±0.2

All unmedicated 37 20 50

Maalouf 2011 20 (15) 15.4±1.3 DSM IV;
K SADS PL

CDRS 428 CDRS 23.7
±10.9

Thirteen
medicated,
seven
unmedicated

17 (9) 15.2±1.8
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95% CIs crossed zero in all cases. Supplementary
Fig. S2 presents forest plots depicting performance of
unmedicated currently depressed patients relative to
controls.

Profile of cognitive deficits in remitted depressed
patients

Cohen’s d effect sizes were based on data from six
studies that used CANTAB tests in 168 remitted de-
pressed patients and 178 controls. There were sufficient
data to calculate weighted, pooled effect sizes for three
(out of four) tasks in the domain of executive function,
two (out of four) tasks in the domain of memory, and
for the task of attention; insufficient data were avail-
able to calculate a weighted, pooled effect size for the
reaction time task. Fig. 1 shows the weighted, pooled
Cohen’s d effect sizes for the comparison between de-
pressed patients and healthy controls (grey bars), and
Table 2 presents detailed meta-analysis results.

Patients remitted from depression showed signifi-
cant moderate deficits compared to healthy controls
across the cognitive domains of executive function
(Cohen’s d ranged from 0.53 to 0.61) and attention
(Cohen’s d was 0.52). There was a tendency towards
moderate deficits in the domain of memory (Cohen’s d
ranged from 0.22 to 0.54). Although the 95% CIs
crossed zero in both cases, they only just crossed
zero for PRM (95% CIs were from 1.08 to 0.01).
Supplementary Fig. S3 presents forest plots depicting
performance of currently depressed patients relative
to controls.

Discussion

Our systematic review and meta-analysis revealed
that impairments in cognitive function, assessed with
a single neuropsychological test battery (CANTAB),
were exhibited by currently depressed patients and
by patients remitted from depression. Current de-
pression was associated with significant moderate
deficits across all tasks within the domains of executive
function, memory and attention, with the exception of
the SSP task of executive function, for which there was
a tendency towards a moderate deficit. Although the
systematic review and meta-analysis revealed no re-
action time deficit in currently depressed patients, ex-
ploratory reanalysis excluding one anomalous study
(in which depressed patients showed significantly
superior performance relative to controls) revealed a
tendency towards a small deficit in reaction time.
Analysis of only unmedicated currently depressed
patients showed a significant moderate deficit in the
domain of attention and significant small and mod-
erate deficits in some, but not all, tasks within theT
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domains of executive function and memory. Mean-
while, remitted depressed patients showed signifi-
cant moderate deficits within the domains of exec-
utive function and attention. However, in the domain
of memory, remitted depressed patients showed
only a tendency towards small/moderate deficits. In
summary, our systematic review and meta-analysis
demonstrated that cognitive impairment, particularly
affecting the domains of executive function and atten-
tion, is a core feature of depression that persists during
remission in the absence of clinically relevant symp-
toms of low mood.

The present systematic review and meta-analysis
included only studies that had used CANTAB tasks
to assess cognitive function in symptomatic or remitted
depressed patients relative to controls. To our knowl-
edge, this is the first systematic review and meta-
analysis that has focused on studies using a single
neuropsychological test battery. The magnitudes of
cognitive deficits recorded in the current investigation
are broadly in line with those that have been recorded
previously. However, our finding of a non-significant
deficit in reaction time in currently depressed patients
relative to controls contrasted notably with the litera-
ture. Nevertheless, following exclusion of one anomal-
ous result, a tendency towards a small deficit on the
RTI task was recorded, and the size of this deficit
(Cohen’s d=0.32) was similar to the deficit recorded
on the psychomotor speed composite (Cohen’s
d=0.33) in the Snyder (2012) meta-analysis.

Impaired cognitive functioning has been linked with
poor response to antidepressant treatment (Potter et al.
2004; Story et al. 2008). However, the potential clinical
relevance of cognitive deficits in depression also de-
pends upon their impact on psychosocial functioning.

Impaired psychosocial functioning is a core feature of
depression (Weissman et al. 2010). It persists in up to
60% of individuals with depression even after mood
symptoms of depression have remitted (Jaeger et al.
2006), indicating that severity of depressive symptoms
cannot fully account for impaired functional ability.
For example, patients with subsyndromal depressive
symptoms have been found to manifest similar levels
of psychosocial dysfunction to those of patients with
clinically relevant symptoms (Judd et al. 1996). One
possible explanation is that persisting cognitive impair-
ments may contribute to poor quality of life and psy-
chosocial functioning in patients whose depressive
symptoms have remitted. In support of this, psycho-
social functioning has been shown to be associated
with performance on measures of attention, executive
function, paired associates learning and visuospatial
ability in depression (Jaeger et al. 2006). Importantly,
the association between cognitive deficits and poor
psychosocial functioning has been shown to remain
significant even when taking into account residual,
subclinical depressive symptoms (Jaeger et al. 2006).

Another study revealed that severity of cognitive
impairment and severity of low mood associate inde-
pendently with different measures of psychosocial
functioning (McCall & Dunn, 2003). Furthermore, in
bipolar disorder, psychosocial functioning has been
shown to be predicted by both cognition and residual
depressive symptoms (Mur et al. 2009; Solé et al. 2012).

Overall, these findings suggest that remediation
of cognitive impairment and alleviation of depressive
symptoms may both be involved in improving psycho-
social functioning in depression. We therefore argue
that cognitive impairment in depression is clinically
relevant and may be a valuable target for intervention.
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Fig. 1. Pooled, weighted Cohen’s d effect sizes reflecting the performance of currently depressed patients (black bars) and
remitted depressed patients (grey bars) compared to healthy controls on tasks of executive function [OTS/SOC, (One Touch)
Stockings of Cambridge; SWM, Spatial Working Memory; IED, Intra Extra Dimensional Set Shift; SSP, Spatial Span], memory
(DMS, Delayed Matching to Sample; PAL, Paired Associates Learning; PRM, Pattern Recognition Memory; SRM, Spatial
Recognition Memory), attention (RVP, Rapid Visual Information Processing) and reaction time (RTI, Reaction Time). Error
bars represent 95% confidence intervals (CIs).
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Although there are relatively few published studies
assessing the cognitive enhancing effects of pharmaco-
logical treatments in depression, one potential augmen-
tation therapy is the wakefulness-promoting agent
modafinil. Indeed, 4-week adjunctive treatment with
modafinil was shown to improve performance on a
task of executive function in currently depressed
patients with only partial response to antidepressant
therapy (DeBattista et al. 2004). However, further re-
search is required to delineate coincidental improve-
ments in mood and fatigue from true improvements
in cognitive function.

Limitations

One limitation of the current systematic review
and meta-analysis relates to lack of assessment of the
association between cognitive deficits and depressive

symptoms. The importance of consideration of this
association was highlighted in a meta-analysis that
revealed that severity of depressive symptoms cor-
related significantly with impairment across domains
of cognition including executive function, episodic
memory and processing speed (McDermott & Ebmeier,
2009). However, only a small portion (at most around
10%) of the variability in cognitive function is ac-
counted for by variability in depressive symptom sev-
erity (McDermott & Ebmeier, 2009). Therefore, there
remains considerable separation between symptoms
of depressive mood and cognitive impairment in
patients suffering from depression, indicating that cog-
nitive impairment cannot be considered entirely as a
secondary feature of low mood in depression. Overall,
although there is some evidence of an association be-
tween depressive symptomatology and cognitive func-
tion, this association does not account for the majority

Table 2. Meta analysis results

Task No. patients No. controls No. studies d 95% CI Z p Q I2 (%)

Currently depressed patients
OTS/SOC 557 484 16 0.43 0.63 to 0.24 4.32 <0.0001 43.33 56
SWM 567 521 15 0.54 0.75 to 0.33 4.98 <0.00001 43.92 64
IED 578 566 16 0.44 0.65 to 0.23 4.07 <0.0001 52.97 64
SSP 273 217 8 0.34 0.70 to0.01 1.92 0.06 24.19 71
DMS 423 342 12 0.46 0.62 to 0.29 5.37 <0.00001 13.52 19
PAL 321 279 9 0.50 0.73 to 0.26 4.17 <0.0001 18.43 46
PRM 402 347 12 0.46 0.69 to 0.23 3.89 0.0001 25.55 57
SRM 445 371 13 0.41 0.61 to 0.22 4.19 <0.0001 24.38 43
RVP 228 236 7 0.65 0.83 to 0.46 6.75 <0.00001 3.90 0
RTI 157 135 4 0.07 0.61 to 0.46 0.27 0.79 14.33 79

Unmedicated currently depressed patients
OTS/SOC 191 174 4 0.28 0.68 to 0.11 1.40 0.16 17.21 71
SWM 231 218 6 0.46 0.84 to 0.09 2.43 0.02 25.85 73
IED 171 166 4 0.09 0.46 to 0.28 0.49 0.62 14.00 64
SSP 82 69 3 0.06 0.66 to 0.54 0.20 0.84 6.18 68
DMS 126 112 4 0.36 0.62 to 0.10 2.71 0.007 2.67 0
PAL 106 89 3 0.49 1.22 to 0.23 1.33 0.18 11.02 82
PRM 146 132 5 0.33 0.61 to 0.04 2.23 0.03 5.42 26
SRM 125 112 4 0.29 0.75 to 0.17 1.22 0.22 8.62 65
RVP 123 124 3 0.59 0.84 to 0.33 4.50 <0.00001 1.38 0

Remitted depressed patients
OTS/SOC 125 109 4 0.61 0.88 to 0.34 4.47 <0.00001 2.80 0
SWM 114 100 3 0.53 0.98 to 0.07 2.28 0.02 5.00 60
IED 62 84 3 0.53 0.88 to 0.18 2.95 0.003 1.51 0
DMS 74 80 3 0.22 0.60 to 0.15 1.16 0.24 2.69 26
PRM 73 78 3 0.54 1.08 to 0.01 1.92 0.05 5.24 62
RVP 123 123 4 0.52 0.83 to 0.21 3.31 0.0009 3.87 22

d, Weighted, pooled Cohen’s d effect size; CI, confidence interval; Q, heterogeneity; I2, percentage of total variability due to
heterogeneity; OTS/SOC, (One Touch) Stockings of Cambridge; SWM, Spatial Working Memory; IED, Intra Extra Dimensional
Set Shift; SSP, Spatial Span; DMS, Delayed Matching to Sample; PAL, Paired Associates Learning; PRM, Pattern Recognition
Memory; SRM, Spatial Recognition Memory; RVP, Rapid Visual Information Processing; RTI, Reaction Time.
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of variability in cognitive performance in depressed
patients.

A further limitation of this study relates to most
patients in the included studies being medicated. How-
ever, our subanalysis demonstrated significant cogni-
tive deficits in unmedicated currently depressed
patients on the SWM, DMS, PRM and RVP tasks,
which span the domains of executive function, memory
and attention. These findings support the idea that cog-
nitive impairment is at least in part separable from
medication effects in currently depressed patients.

The final limitation relates to the range of criteria
used to define remission from depression within the re-
mitted samples. Therefore, it is possible that our results
may have been affected by the presence of low levels
of persisting depressive symptoms in the remitted de-
pressed group.

Conclusions

This review has demonstrated that cognitive impair-
ment across the domains of executive function and
attention, and to an extent memory, represents a core
and clinically relevant feature of depression that per-
sists beyond symptoms of low mood. Cognitive im-
pairment is exhibited by depressed patients during
current and remitted states, including in unmedicated
samples. Previous research has demonstrated that
cognitive impairment cannot be fully accounted for
by severity of depressive symptoms and, along with
symptoms of low mood, is associated with poor
psychosocial function. We argue that cognitive im-
pairment may represent a valuable target for new
therapies for depression because remediation of cogni-
tive impairment in addition to depressive symptoms
will be important in improving functional outcome
for patients with depression.

Supplementary material

For supplementary material accompanying this paper
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Item # FDA Deficiency Description and Sponsor Response 

 
Substantial 
Equivalence 
Discussion 
#1 

FDA Comment: 
“You have identified the AnthroTronix – DANA (K141865) as the primary predicate device for comparison to the 
Cantab Mobile for the purposes of establishing substantial equivalence. The DANA indications for use state that it 
“provides clinicians with objective measurements of reaction time (speed and accuracy) to aid in the assessment of an 
individual's medical or psychological state. DANA also delivers and scores standardized psychological 
questionnaires”). In comparison, the Cantab Mobile seeks to be indicated “for the assessment of memory in adult 
individuals aged 50 to 90 years of age.” The device also specific in that it is “indicated to provide clinicians with 
objective measurements of visuospatial episodic memory and mood.” 
 
Reaction Time and Memory are two distinct cognitive processes which are used to assess different aspects of cognition. 
Therefore, the predicate device you have chosen is not appropriate. Please select a predicate device whose intended 
use is similar to the Cantab Mobile and revise your application accordingly. We believe it is appropriate for you to 
consider using DEN130033 (Cerebral Assessment Systems, Inc. – Cognivue) or K150154 (Vista Lifesciences – ANAM 
Test System) as potential predicate devices as these devices are indicated as computerized adjunctive assessments of 
memory. However, please note that you will need to provide a detailed comparison to the new predicate device, and 
where differences exist, information to support how Cantab Mobile can be considered equivalent. For example, while 
considering these predicates please keep in mind that these testing systems use multiple tests to produce an outcome; 
you would need to support the use of the PAL as a single test used to assess memory in comparison to these predicates 
which test memory in multiple domains. Additionally, it is important to provide evidence that the PAL may be used 
without an assessment of baseline function in the proposed use and that decrements cited as severe are outside the 
range that could attributed to normal aging.” 
 
Sponsor Response: 
Per the Division’s recommendation above, the Sponsor has updated the predicate device for comparison to Cognivue.  
The Executive Summary (Section 5.1 and Appendix A) as well as CDRH Premarket Review Submission Cover 
Sheet, FDA Form 3514 have been updated to reflect this change and are submitted herein. 
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Indications 
for Use 
#2 

“Your Indications for Use Statement states that the Cantab Mobile will be used to assess memory in patients aged 50 to 
90 years. The assessment of memory is a broad term and your Indications for Use should specify the type of memory 
that is being assessed in order to provide the user with an accurate description of the purpose of the device. Since the 
Cantab Mobile will use the PAL test to make its assessment of visuospatial learning, please revise your Indications for 
Use Statement to “assess visuospatial associative learning in patients aged 50 to 90 years.” 
 
Sponsor Response: 
The Indications for Use statement (FDA Form 3881) has been revised in accordance with the Division’s 
recommendations.  All documents containing this statement have been updated and are resubmitted in this amendment. 
 

Device 
Description 
#3 

FDA Comment: 
“Within your Executive Summary and Device Labeling, you make multiple references to specific conditions such as 
Mild Cognitive Impairment and Dementia and state that the Cantab Mobile can detect memory impairment in such 
individuals. Please note that indicating your device for “assessment of memory in adult individuals aged 50 to 90 years 
of age” is different from making claims related to specific disease states; test scores resulting in this outcome may be 
attributed to other causes and patients should be referred for clinical evaluation. Indicating your device for MCI or 
Dementia would constitute a new intended use which would need to be reviewed via the DeNovo pathway due to lack of 
a suitable predicate. Therefore, please revise your Executive Summary, Device Results, and labeling by removing the 
reference to MCI or Dementia. In addition, please include a statement that the results of the Cantab Mobile should 
only be interpreted by a qualified professional.” 
 
Sponsor Response: 
The Sponsor has ensured that any references to Mild Cognitive Impairment and Dementia are contained only in 
reference to peer-reviewed publications where PAL has been used to assess these conditions in a research context. It is 
not claimed that Cantab Mobile can detect memory impairments in specific disease states. 
 
The Sponsor includes a statement in the Executive Summary (Section 2) and  
“CANTAB Mobile is not a diagnostic test. A diagnosis can only be made by a qualified physician using consensus 
diagnostic criteria.” 
 

(b) (4)
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#4 FDA Comment: 
“You state that the Cantab Mobile includes the optional administration of the Geriatric Depression Screening 
Questionnaire (GDS) and the Activities for Daily Living Questionnaire (ADL). If administered, you mention that scores 
will be presented to the clinician. Please address the following items related to these questionnaires:” 

FDA 4a Comment: 

Sponsor 4a Response: 

FDA 4b Comment: 
“4b.  In addition, please verify if the GDS and ADL Questionnaires are consistent with the published, validated 
versions. If not, please cite the versions used and provide literature to support their clinical use.” 
 
Sponsor 4b Response: 
Device Description Section 1.3 provides references to the validation of the versions of GDS and ADL used in 
Cantab Mobile. 
 
 
 
 
 
 

(b)(4)

(b)(4)
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FDA 4c Comment: 

Sponsor 4c Response: 

 
#5 FDA Comment: 

Sponsor Response: 

#6a FDA Comment: 

 
FDA 6a Comment: 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Sponsor 6a Response: 

FDA 6b Comment: 

Sponsor 6b Response: 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b) (4)
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FDA 6c Comment: 

Sponsor 6c Response: 
Verification and Validation testing 

Additional information is provided in Response to Deficiency Item 6c: Cantab Mobile Verification and 
Validation. 
 
Test-retest reliability 

(b)(4)

(b) (4) Testing

(b) (4) Testing

(b) (4) Testing
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Software 
#7 

Sponsor Response: 

 

(b)(4)

(b) (4)
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Please wait... 
  
If this message is not eventually replaced by the proper contents of the document, your PDF 
viewer may not be able to display this type of document. 
  
You can upgrade to the latest version of Adobe Reader for Windows®, Mac, or Linux® by 
visiting  http://www.adobe.com/go/reader_download. 
  
For more assistance with Adobe Reader visit  http://www.adobe.com/go/acrreader. 
  
Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or other countries. Mac is a trademark 
of Apple Inc., registered in the United States and other countries. Linux is the registered trademark of Linus Torvalds in the U.S. and other 
countries.
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10. Executive Summary

Product Name: 
Indication: 

Cantab Mobile (K161328) 
Assess Memory by Testing Visuospatial Associative 
Learning in Patients Aged 50 to 90 Years 

Sponsor 

     © Cambridge Cognition Limited 
Tunbridge Court  
Tunbridge Lane 

Bottisham 
Cambridge, CB25 9TU 

UK 
Tel: +44 (0) 1223 810 700 
Fax: +44 (0) 1223 810 701 

Authorized US Agent 

Clementi and Associates Ltd. 
919 Conestoga Road 
Rosemont, PA  19010 

Tel: 610 527-2600 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, 

disclosed, used or destroyed without written authorization by Cambridge Cognition. © Copyright 
Cambridge Cognition 2016. All rights reserved. All trademarks acknowledged. 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION IS 
USED. PRINTED COPIES ARE UNCONTROLLED.  
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS 

AD Alzheimer's disease 

ADAS-cog Alzheimer’s Disease Assessment Scale – Cognition 

ADHD 
ADL 

Attention deficit hyperactivity disorder 
Activities for Daily Living Questionnaire 

CANTAB Cambridge Neuropsychology Test Automated Battery 

CAPA Corrective and Preventative Action 

DLB Dementia with Lewy Bodies 

FDS Functional Design Specification 

GDS Geriatric Depression Screening Questionnaire 

HD Huntington’s disease 

ID 
IFU 

Identification 
Instructions for Use 

MCI Mild Cognitive Impairment 

MEDDEV 
NINCDS-
ADRDA 

PAL 

Medical Device guidance document 
National Institute of Neurological and Communicative Disorders 
and Stroke - Alzheimer’s Disease and Related Disorders Association  
Paired Associates Learning 

PIN Personal Identification Number 

RS Requirements Specification 

SCM Software Configuration Management 

SDLC Software Development Life Cycle 

SDS Software Design Specification    

SOP Standard Operating Procedure 

SOUP Software Of Unknown Provenance     

QD Questionable dementia 
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 BACKGROUND 1

1.1 Information on Dementia and Relevancy of Testing 

It is estimated that dementia currently affects approximately 37 million people worldwide 
and, as the population ages, these prevalence rates can be expected to increase substantially. 
In addition to the devastating personal impact that a diagnosis of dementia may have upon 
the lives of patients and their caregivers, there is also a financial burden. The total monetary 
cost of dementia in 2010 was between $157 billion and $215 billion (Hurd et al., 2013).  

Current criteria for the diagnosis of probable AD stipulates deterioration in two or more areas 
of cognition including memory of sufficient magnitude to interfere with work or social 
function.  Critically however, substantial neuropathological change may have occurred 
before clinically significant symptoms (Jack et al. 2010; Jansen et al. 2015) appear.  Thus, 
commencing treatment of AD at the time of clinical diagnosis (whether with cholinergic / 
glutamatergic drugs, anti-amyloid deposit agents or other putative disease modifying agents) 
may be sub-optimal or even ineffective because of the advanced stage of neurodegeneration 
at that time. The identification of cognitive tests that are sensitive to early pathological 
changes would facilitate the diagnosis of patients in a 'prodromal' state (i.e., those in whom 
the pathological process is present but whose symptoms are currently sub-clinical). Such 
early detection would serve to maximize the potential therapeutic benefit of treatment, 
enhance patient quality of life and, in so doing, reduce the burden on residential and nursing 
care services. Consequently, a very high therapeutic and economic premium is placed on the 
early detection and diagnosis of AD. 

The CANTAB (Cambridge Neuropsychology Test Automated Battery) PAL (Paired 
Associates Learning) requires patients to learn and remember abstract visual patterns 
associated with various locations on a touch sensitive computer screen.  See Device 
Description Section 1.2 for additional detail.   

A series of independent studies have demonstrated that Cantab PAL measures of visuospatial 
associative learning and semantic memory are sensitive in detecting the earliest signs of 
prodromal Alzheimer's disease (up to 32 months prior to clinical diagnosis) both in memory 
clinic attendees (Fowler et al., 1995, Fowler et al., 1997; Fowler et al., 2002; Swainson et al., 
2001; Blackwell et al., 2004) and in community dwelling cohorts of individuals classified as 
asymptomatic using current clinical measures (De Jager et al., 2002); De Jager et al., 2005). 

Further studies using Cantab PAL have confirmed it to be of utility in early and differential 
diagnosis in AD on a case-by-case basis.  The Cantab PAL performance of patients with mild 
AD was impaired relative to both demographically-matched healthy controls (Sahakian et al., 
1988) and to individuals with Frontal Variant Fronto-Temporal Dementia (Lee et al, 2003).  
Of critical importance, Cantab PAL was also found to be relatively insensitive to major 
unipolar depression (only 7 percent of scores of patients with Depression and Alzheimer’s 
disease fell within an overlapping range) (Swainson et al., 2001). This result suggests that 
Cantab PAL is of utility in the differential diagnosis of early AD and depression (unlike word 
recall tests – see O’Carroll et al., 1997). Unlike ADAS-COG, performance on Cantab PAL 
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was also found to correlate significantly with subsequent deterioration in global cognitive 
function.  Furthermore, in a group of individuals with ‘questionable dementia’, baseline 
Cantab PAL results revealed an apparent subgroup of patients who performed like AD 
patients.  In a follow up study, Blackwell et al. (2004) showed that by taking into account age 
and performance on one other neuropsychological test (The Graded Naming Test 
[McKenna & Warrington, 1980]), Cantab PAL gave a 100% distinction between patients 
with questionable dementia who either did or did not convert to probable AD (NINCDS-
ADRDA criteria) 32 months after baseline testing (see also De Jager et al., 2002). These 
studies also revealed that the sensitivity (in detecting prodromal AD in a QD group) and 
specificity (in differentiating AD from depression) of Cantab PAL was considerably better 
than that of all other frequently-used tests included in the study (including ADAS-cog and 
Wechsler Logical Memory Delayed Passage Recall). 

The accumulating evidence demonstrates the sensitivity and specificity of Cantab PAL as a 
tool for operationalizing the criteria for objective memory impairment in mild cognitive 
impairment (MCI).  
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 INDICATION(S) AND INTENDED USE 2

The application is designed to detect episodic memory impairments in patients aged 50 to 90 
years by testing visuospatial associative learning (Table 1).  Along with the memory test 
there are optional mood and functional assessments which can help detect symptoms of 
depression (Geriatric Depression Screening Questionnaire [GDS]), and problems with 
performing regular activities of daily living (Activities of Daily Life Questionnaire [ADL]). 
Additional information on questionnaires is provided in the amended Device Description 
(Vol. 3).    

Table 1. Indications for Use 
Indications for   Use The device is intended to be used to assess memory by testing 

visuospatial associative learning in patients aged 50 to 90 years. 
Contraindications Patients with severe visual impairment 

Patients outside the indicated age range 

 

The results of Cantab Mobile should be interpreted only by qualified professionals. The 
application provides test results that are interpretive, however, Cantab Mobile is not a 
diagnostic test. The output provided by the device is not diagnostic. A diagnosis can only be 
made by a qualified physician using consensus diagnostic criteria.  The option to test or not 
to test is a decision that rests with the medical professional.   
 
2.1 Instructions for Use 

The Instructions for Use (IFU) is included as a separate document in this submission.  Please 
see NMI-013 for the full Instructions for Use for Cantab Mobile. 
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 VERIFICATION, VALIDATION AND TRACEABILITY 4

Software development is carried out under a controlled Software Development Life Cycle 
within a Quality Management System. A summary of the current version of these procedures 
in relation to IEC 62304:2006 for Class A software systems is provided in 
QA-IEC62304Analysis.  The Software Section of this submission provides additional 
supportive information. 

Version 1.4 is the current version of the application.  The history of prior application changes 
and verification is reflected in the Summary Table in the Software Section. 

In addition to the traceability of verification records and risk control activities provided in the 
above documents, traceability between requirements, functional design and software testing 
specifications is summarized in NMI-018.  

Functional testing is conducted against controlled software versions using a defined test 
specification, which documents the criteria required for each test case to pass; the pass/fail 
outcome for each case is recorded in records of testing for the software version.  

A revision history log of external software releases with version identification is maintained 
under the control of the software configuration management system. 
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 SUBSTANTIAL EQUIVALENCE 5

5.1 Predicate Device 

Cantab Mobile is substantially equivalent to Cognivue (manufactured by Cerebral 
Assessment Systems; DEN130033). Cantab Mobile and Cognivue are both categorized as 
Computerized Cognitive Assessment Aids. The tests use different devices; Cantab Mobile 
uses an Apple iPad and Cognivue uses a personal computer on a cart. Cantab Mobile and 
Cognivue are both used by healthcare professionals to measure aspects of patients’ cognition. 
Cantab Mobile and Cognivue differ in the areas of cognition measured in that Cantab Mobile 
specifically assesses memory using a test of visuospatial associative learning (PAL) that is 
known to be correlated with hippocampal function, whereas the Cognivue software gives an 
overview of brain health, including memory, using ten short tests.  

The results of the PAL test in Cantab Mobile are automatically compared to the results in the 
built-in normative dataset, accounting for age, gender and level of education, to indicate 
when a patient’s memory is outside the range that could be attributed to normal aging. This is 
designed to be a triage test for people with concerns about their memory, to determine 
whether a patient should be tested further or their memory is normal for their age. Along with 
the memory test there are optional mood and functional assessments which can help detect 
symptoms of depression, and problems with performing regular activities of daily living. 
Cognivue is designed to be used to regularly monitor a patient’s broad cognitive health, using 
10 short tests to indicate decline, and potentially dementia, through comparison to baseline 
test performance of other age-normal adults. 

Cantab Mobile and Cognivue are similar in terms of technological characteristics as both 
electronically record objective performance measurements when the patient responds to 
stimuli presented on the screen. Differences in the design and performance of Cantab Mobile 
and Cognivue do not affect either the safety or effectiveness of Cantab Mobile for its 
intended use. 

Table 2 presents a summary of each device for comparison.  A complete comparison table is 
provided in Appendix A. 
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Table 2. Device Comparison Summary (Proposed Device vs. Predicate Device) 
Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. 

Cognivue – Cerebral Assessment Systems, 
Inc. (Submitted June 26, 2013) 

510(k) Number K161328 DEN130033 

Trade Name Cantab Mobile Cognivue 
Regulation Name: Computerized Cognitive Assessment Aid 

Intended Use Cantab Mobile is intended to be used to 
assess memory by testing visuospatial 
associative learning in patients aged 50 
to 90 years. Along with the memory test 
there are optional mood and functional 
assessments which can help detect 
symptoms of depression, and problems 
with performing regular activities of 
daily living. 

Results should be interpreted only by 
qualified professionals. The device is 
not intended to be used as a stand-alone 
diagnostic device. The device is not 
intended to identify the presence or 
absence of clinical diagnoses. 

Cognivue testing is indicated as an adjunctive 
tool for evaluating perceptual and memory 
function in individuals aged 55 to 95 years 
old.  

Results should be interpreted only by qualified 
professionals. The device is not intended to be 
used as a stand-alone diagnostic device. The 
device is not intended to identify the presence 
or absence of clinical diagnoses. 
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 RISKS TO HEALTH 7

7.1 Summary 

Risk management for the device is handled under controlled procedures within a Quality 
Management System. These procedures are designed to meet applicable requirements of EN 
ISO 13485:2012 and EN ISO 14971:2012. 

A summary of the risk analysis and other document references are provided in the 
Device Description (Section 2.2). 

7.2 Determination of Level of Concern 

Cantab Mobile’s level of concern is classified as minor based upon the parameters and 
recommendations outlined in FDA’s Guidance for the Content of Premarket Submissions for 
Software Contained in Medical Devices (2005), with negative responses to all questions in 
Tables 1 and 2. Regarding question 3 in Table 2, the app is a screening device for use by a 
learned intermediary in conjunction with other investigations; its operation does not lead 
directly to diagnosis or choice of appropriate medical care. 
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 OVERALL CONCLUSIONS 8

Cantab Mobile is an app that runs on an iPad. It detects memory impairments by testing 
visuospatial associative learning, in patients aged 50 to 90 years, and includes optional mood 
and functional assessments which can help detect symptoms of depression and problems with 
performing regular activities of daily living. The Cantab tests have a 30-year history of use in 
a range of clinical populations, supported by over 1500 published papers. Cantab Mobile 
includes the Cantab PAL test, which has been developed as a way of assessing episodic 
memory without language barriers. A series of independent studies have demonstrated that 
PAL is sensitive in detecting the earliest signs of prodromal Alzheimer's disease, up to 32 
months prior to clinical diagnosis, and that it is relatively insensitive to major unipolar 
depression.  The accumulating evidence demonstrates the sensitivity and specificity of PAL 
as a tool for operationalizing the criteria for objective memory impairment in mild cognitive 
impairment (MCI).  
 
Cantab Mobile is not a diagnostic test. The results for a patient’s PAL memory test are 
presented to the healthcare professional as one of three traffic-light coded categories. In 
conjunction with other investigations, these provide information to assist the professional in 
their assessment of the patient.   
 
Cantab Mobile is substantially equivalent to Cerebral Assessment Systems’ Cognivue 
software in that they share the intended use of providing clinicians with objective 
measurements of cognition. Both are applications that electronically record objective 
performance measurements as the patient responds to stimuli presented on the screen. 
Differences in the design and performance of Cantab Mobile from Cognivue, the predicate 
device, do not affect either the safety or effectiveness of Cantab Mobile for its intended use.  
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 APPENDICES 10

Appendix A. Predicate Device Comparison (Cantab Mobile and Cognivue) 

Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. 

Cognivue – Cerebral Assessment Systems, 
Inc. 

510(k) Number K161328 DEN130033 

Device 
Information: 
Trade Name 

Cantab Mobile Cognivue 

Regulation 
Name: 

Computerized Cognitive Assessment Aid 

Classification Regulation # CFR 882.1470 

Computerized Cognitive Assessment Aid 

Classification Regulation # CFR 882.1470 
Product Code PKQ PKQ 

Device 
Information: 
Device Class: 

Unclassified or Proposed Class I 

The device has the same intended use, and 
relies on technology that does not raise 

new safety and effectiveness questions to 
Cognivue. 

Class II 

Predicate Device: Cognivue (DEN130033) De novo submission 

Type of Use Prescription Use (Part 21 CFR 801.109) Prescription Use (Part 21 CFR 801.109) 

Submission Date: May 12, 2016 June 26, 2013 

Submitter 
Information: 
Company: 

Cambridge Cognition Limited. 
Tunbridge Court, Tunbridge Lane 

Bottisham 
Cambridgeshire, CB25 9TU 

UK 

Cerebral Assessment Systems, Inc. 
2850 Clover Street 

Pittsford, NY 14534 
USA 

Design and 
Intended Use 

Cantab Mobile is intended to be used to 
assess memory by testing visuospatial 

associative learning in patients aged 50 to 
90 years. Along with the memory test there 

are optional mood and functional 
assessments which can help detect 

symptoms of depression, and problems 
with performing regular activities of daily 

living. 

Results should be interpreted only by 
qualified professionals. The device is not 

intended to be used as a stand-alone 
diagnostic device. The device is not 
intended to identify the presence or 

absence of clinical diagnoses. 

Cognivue testing is indicated as an 
adjunctive tool for evaluating perceptual and 
memory function in individuals aged 55 to 

95 years old. 

Results should be interpreted only by 
qualified professionals. The device is not 

intended to be used as a stand-alone 
diagnostic device. The device is not intended 
to identify the presence or absence of clinical 

diagnoses. 
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Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. 

Cognivue – Cerebral Assessment Systems, 
Inc. 

Target population Patients aged 50 to 90 years with concerns 
about their memory. Results are 

automatically adjusted for age, gender, 
education. 

Patients aged 55 to 95 years for the purpose 
of identifying a potential decline in cognitive 
function relative to baseline test performance 

of other age-normal adults. 
Anatomical site The brain: cognitive function The brain: cognitive function 

Test duration The test takes approximately 10 minutes to 
complete. 

The test takes approximately 10 minutes to 
complete. 

Scoring and 
reports 

Automatic scoring and instant reports Automatic scoring and instant reports 

Where used  Cantab Mobile is software used on a tablet, 
therefore it can be administered in any 
suitable setting, e.g. a clinic or home. 

The Cognivue software is used on a personal 
computer, situated on a cart to provide 
mobility within the healthcare setting. 

Energy used  
 

Cantab Mobile software runs on an Apple 
iPad, which has the following features: 
 built-in 25-watt-hour rechargeable 

lithium-polymer battery; 
 charging via power adapter or USB to 

computer system; 
 up to 10 hours of use when charged. 

 

The Cognivue software runs on a personal 
computer – the energy used is hardware-

dependent. 

Human factors Any healthcare professional can administer 
the test. To ensure reliable results, the iPad 

should be placed on a stand and the 
assessment should be administered in a 

quiet room, without disturbance. 
 

The voiceover and questionnaire texts are 
provided in a choice of languages. 

 

Any healthcare professional can administer 
the test. The battery is organized into three 

sub-batteries, with each sub-test preceded by 
transitional guidance that facilitates the test 

subject’s engagement with minimal 
supervision. 

To whom is the 
product marketed 
/target audience? 

Healthcare 
Rehabilitation 

Healthcare 

Materials N/A N/A 

Biocompatibility N/A N/A 

Compatibility 
with the 
environment and 
other devices 

N/A N/A 

Sterility Based on the device function there is no 
sterilization testing required for this 

device. 

Based on the device function there is no 
sterilization testing required for this device. 
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Comparison 
Items 

CANTAB Mobile- 
Cambridge Cognition Ltd. 

Cognivue – Cerebral Assessment Systems, 
Inc. 

Safety: electrical; 
mechanical; 
chemical; 
thermal; 
radiation.  

These safety issues are not applicable to 
this software-only device. 

 
 

Electrical safety testing was performed by 
Canadian Standards Association. The 

sponsor provides a letter of attestation stating 
the device passed IEC 60601-1:2005. 
Electromagnetic compatibility was not 

tested. 
How the device 
differs from 
Predicate device 

Cantab Mobile is similar to Cognivue in 
terms of technological characteristics, as 

both electronically record objective 
performance as the patient responds to 

stimuli presented on the screen. Both tests 
take about 10 minutes. 

 
Cantab Mobile differs from Cognivue in 
that it provides an assessment of memory 
using one staged cognitive assessment – 

the Paired Associates Learning task - 
compared to Cognivue which includes ten 

short brain function tests, measuring: 
adaptive motor control; dynamic visual 
contrast sensitivity; letter, word, shape, 

and motion processing ability; and 
memory. 

 
Cantab Mobile also presents assessments 

of depression and activities of daily living, 
which are not included in Cognivue. 

 

 
  

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



11 REFERENCED DOCUMENTS 

Traceability Matrix (NMI-018)1 

Change Control and Validation Report (CR-NMI-004) 

(b) (4)

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Please wait... 
  
If this message is not eventually replaced by the proper contents of the document, your PDF 
viewer may not be able to display this type of document. 
  
You can upgrade to the latest version of Adobe Reader for Windows®, Mac, or Linux® by 
visiting  http://www.adobe.com/go/reader_download. 
  
For more assistance with Adobe Reader visit  http://www.adobe.com/go/acrreader. 
  
Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or other countries. Mac is a trademark 
of Apple Inc., registered in the United States and other countries. Linux is the registered trademark of Linus Torvalds in the U.S. and other 
countries.
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11. DEVICE DESCRIPTION 

Product Name: 
Indication: 

Cantab Mobile (K161328)) 
Assess Memory by Testing Visuospatial Associative 
Learning in Patients Aged 50 to 90 Years 

Sponsor 

     © Cambridge Cognition Limited 
Tunbridge Court 
Tunbridge Lane 

Bottisham 
Cambridge, CB25 9TU 

UK 
Tel: +44 (0) 1223 810 700 
Fax: +44 (0) 1223 810 701 

United States Agent 
Clementi and Associates Ltd. 

919 Conestoga Road 
Rosemont, PA  19010 

Confidentiality and Copyright: 
This document is confidential and property of Cambridge Cognition Ltd. It may not be copied, disclosed, used 
or destroyed without written authorization by Cambridge Cognition. © Copyright Cambridge Cognition 2016. 

All rights reserved. All trademarks acknowledged. 

IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THE CURRENT VERSION IS USED. 
PRINTED COPIES ARE UNCONTROLLED.  

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



TABLE OF CONTENTS 

LIST OF IN-TEXT TABLES ....................................................................................................2 
LIST OF IN-TEXT FIGURES...................................................................................................2 
1 DEVICE DESCRIPTION ..................................................................................................3 

 Patient Data Entry ....................................................................................................4 1.1
 Memory Test ............................................................................................................4 1.2
 Questionnaire(s) .......................................................................................................6 1.3
 Report Manager .......................................................................................................8 1.4

 Description .....................................................................................................8 1.4.1
 What Is Reported ...........................................................................................9 1.4.2

 Device Classification .............................................................................................10 1.5
2 SPECIFICATIONS ..........................................................................................................11 

 Functional Requirements .......................................................................................11 2.1
 Device Safety Characteristics and Risks................................................................13 2.2

3 LITERATURE CITED ....................................................................................................14 
4 APPENDICES .................................................................................................................15 

Appendix A. Cantab Mobile Self Assessment Scale ...............................................15 
Appendix B. Examples of Cantab Mobile PAL Test Patterns and Layout .............16 
Appendix C. Mood Assessment (GDS) ..................................................................17 
Appendix D. Functional Assessment (ADL) ...........................................................19 
Appendix E. Example Reports ................................................................................22 

5 REFERENCED DOCUMENTS ......................................................................................25 

LIST OF IN-TEXT TABLES 

Table 1. Cantab Mobile’s End-User Roles and Requirements Specifications ...........11 
Table 2. Description of Cantab Mobile’s Functional Specifications .........................12 

LIST OF IN-TEXT FIGURES 

Figure 1. iPad with App Icon at Top Left .....................................................................3 
Figure 2. Data Entry Screen ..........................................................................................4 
Figure 3. Pattern Appears in Box ..................................................................................5 
Figure 4. Patient Chooses Box ......................................................................................6 
Figure 5. GDS Rating Scale and Format .......................................................................7 
Figure 6. Report Manager .............................................................................................8 

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



The test is not susceptible to environmental influences within the defined environment for its 
administration. We instruct that physicians must always administer the tests in a quiet, 
peaceful environment, with the iPad volume level set so that the patient can clearly hear 
instructions being given.  For patients with impaired hearing, additional support may need to 
be provided to ensure they can correctly hear and understand the instructions during the test, 
e.g. use headphones. 

A technical wireframe, or mobile app screen blueprint, of Cantab Mobile is a supportive 
document that presents the skeletal framework, interface elements, and navigational flow 
(See Cantab Mobile Wireframes).   

 Patient Data Entry 1.1

Prior to the PAL test itself, the healthcare professional administering the test enters patient 
data (patient ID, date of birth, gender, educational background etc.).2 This is used in 
assessing the patient’s performance against a set of normative data. 
 
Figure 2. Data Entry Screen 

 
 
 Memory Test 1.2

Cantab Mobile provides an optional patient self assessment of memory (Self Assess - 
enabled on the data entry screen).  If this assessment is enabled, the patient will rate his/her 
memory prior to taking Cantab PAL.  The patient is presented a rating scale against which 
they rate their memory as above average (left of center), average (center), or below average 
(right of center) (See Appendix A).  Comparing self-rated memory with the objective 

2 Patient details must be entered correctly. Incorrect patient details can lead to incorrect reporting of patient 
impairment. 
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measure of memory, provided by Cantab PAL, can reveal any discrepancies between actual 
and perceived memory ability.   

The Cantab Mobile memory test is based on the Cantab PAL test previously used on other 
hardware platforms. The Cantab PAL requires patients to learn and remember abstract visual 
patterns associated with various locations on a touch-sensitive computer screen. The patterns 
were all created to be bold, brightly colored, abstract and with no cultural context 
See Appendix B for examples of patterns used. 

Patterns are presented in six boxes around the edge of the screen (See Figure 3). The patterns 
disappear from the screen, leaving empty boxes and, after a brief delay, the same patterns are 
presented sequentially in the middle of the screen and the patient is required to touch the box 
in which they previously saw that pattern appear. (Figure 4) 

Figure 3. Pattern Appears in Box 
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a button with a backward arrow allows the user to return to the preceding question (if any) 
and choose again.  See Figure 5 below for an example of a GDS-15 rating scale question and 
its format, as it is presented in the app. 

Figure 5. GDS Rating Scale and Format 

The ADL rating scale in the app was developed and validated by Galasko and colleagues 
(Galasko et al 2006) with the goal of simplifying the assessment of this domain for primary 
prevention trials of Alzheimer’s disease. The 15 items they selected for the questionnaire 
cover a broad range of activities, which are performed regularly by elderly individuals. 
Administration of the ADL rating scale comprises a series of questions, each presented in 
turn textually on the screen using the language in force3, with the introductory text given 
above the question and buttons below to allow the patient to choose from the responses 
permitted for the question. A progress bar gives an approximate indication of progress 
through the questions and a button with a backward arrow allows (except on questions 1 and 
11) the user to return to the preceding question and choose again.

3 The entire user interface respects the text direction (left-to-right or right-to-left) of the language in force 
including the backward arrow button and progress bar 
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Device Classification 

Cantab Mobile is classified as a Class I Medical Device under EU directive 93/42/EEC. It is 
standalone software that could be regarded as allowing monitoring of vital physiological 
processes (MEDDEV 2.1/6 section 3.1.1).   

The proposed regulatory classification for Cantab Mobile under US regulation is Class II (21 
CFR 882.1470).  It is a Computerized Cognitive Assessment Aid (Product Code PKQ).  
Device classification is covered in greater detail, in the Executive Summary.  

(b) (4)
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 Device Safety Characteristics and Risks4 2.2

Risk management for the device is handled under controlled procedures within a Quality 
Management System. These procedures are designed to meet applicable requirements of 
EN ISO 13485:2012 and EN ISO 14971:2012. 

Identification of characteristics of the device that could impact on safety are documented in 
QRM-01-001. Risk analysis was conducted according to a risk analysis plan referencing 
controlled procedures, namely QRM-02-002, and the conclusion of the risk analysis process 
is documented in report QRM-02-003. 

The summary of all points of the risk analysis is provided in QRM-02-001.  

  

4  Risk Analysis documentation, cross referenced here, was previously submitted in the original 510(k) 
submission (dated May 11, 2016). 
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Appendix C. Mood Assessment (GDS) 

The Mood Assessment (GDS) is automatically administered. Cantab PAL performance is not 
a conditional factor in administering the Mood Assessment.  
 

Choose the best answer for how you felt over the past week.6 
 
Are you basically satisfied with your life? 
☐ Yes 
☐ No 

 
Have you dropped many of your activities and interests? 
☐ Yes 
☐ No 

 
Do you feel that your life is empty? 
☐ Yes 
☐ No 

 
Do you often get bored? 
☐ Yes 
☐ No 

 
Are you in good spirits most of the time? 
☐ Yes 
☐ No 

 
Are you afraid that something bad is going to happen to you? 
☐ Yes 
☐ No 

 
Do you feel happy most of the time? 
☐ Yes 
☐ No 
 
Do you often feel helpless? 
☐ Yes 
☐ No 
 

6  The GDS introductory statement precedes each GDS question listed in Appendix C. 
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Do you prefer to stay at home, rather than going out and doing new things? 
☐ Yes 
☐ No 
 
Do you feel you have more problems with memory than most? 
☐ Yes 
☐ No 
 
Do you think it is wonderful to be alive now? 
☐ Yes 
☐ No 
 
Do you feel pretty worthless the way you are now? 
☐ Yes 
☐ No 
 
Do you feel full of energy? 
☐ Yes 
☐ No 
 
Do you feel that your situation is hopeless? 
☐ Yes 
☐ No 
 
Do you think that most people are better off than you are?  
☐ Yes 
☐ No 
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Appendix D. Functional Assessment (ADL) 

This test is automatically administered after Cantab PAL if the patient’s Cantab PAL 
performance has indicated that they fall in the “Investigate” category 

Part 1:  
 
In the past 3 months, were you able to: 
 
Do your own shopping? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
 
Prepare meals? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
 
Write checks, pay bills, or use an ATM case machine? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
 
Travel by car or public transport? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

 
Carry out housework, laundry or home repairs? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
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Do hobbies such as a card games or crosswords? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

 
Follow the story of a TV program, book or movie? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
 
Keep track of current events in the news or the media? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

 
Remember appointments or important dates such as birthdays? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 

 
Remember to take your medication? 
☐ Yes 
☐ Yes, but I had some problems or needed some help  
☐ No, I could not do it 
☐ I did not try 
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Part 2:  
 

Can you: 
 
See well enough to recognize someone across the street (wearing glasses or contact 
lenses if necessary?) 
☐ Yes 
☐ No 
 
Hear what people are saying when they are speaking at a normal volume? 
☐ Yes 
☐ No 
 
Walk up and down a set of stairs without help? 
☐ Yes 
☐ No 

 
  

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



5 REFERENCED DOCUMENTS 

Cantab Mobile Technical Wireframes7 

Cantab Mobile Managing Reports Quick Reference Guide8 

Demographic Adjustment of Scores (NMI-020)7 

Identification of Characteristics (QRM-01-001)8 

PALD Risk Management Plan (QRM-02-002)8 

Risk Summary Report (QRM-02-003) 8 

Risk Analysis (QRM-02-001) 8 

(b) (4)

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b) (4)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b) (4)
Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



ADCS Prevention Instrument Project:
Assessment of Instrumental Activities of Daily Living

for Community-dwelling Elderly Individuals in Dementia
Prevention Clinical Trials

Douglas Galasko, MD,* David A. Bennett, MD,w Mary Sano, PhD,zy Daniel Marson, PhD,J
Jeff Kaye, MD,z and Steven D. Edland, PhD,*; for the Alzheimer’s Disease Cooperative Study

Background: In primary prevention trials for Alzheimer disease,

the inception cohort typically has normal or minimally impaired

complex activities of daily living (ADL). ADL change during a

trial could trigger detailed evaluation or serve as an outcome

measure. A brief, easily administered, and reliable ADL rating

scale would assist prevention studies.

Objectives: To develop an ADL scale for prevention trials that

allows self rating or completion by informants.

Methods: The Activities of Daily Living Prevention Instrument

(ADL PI) was developed, comprising 15 ADL and 5 physical

function questions. Six hundred forty four elderly subjects

participating in the Prevention Instrument Project completed

a self rated version of the ADL PI, and informants for

632 subjects completed an informant version. Informants

also completed a Mild Cognitive Impairment (MCI) ADL

questionnaire to allow comparisons.

Results: Subjects performed well on all ADL scales at baseline.

Completion of the ADL PI questionnaires at home or in clinic

yielded comparable information. Scores from baseline to

3 months had good reliability. The ADL PI, obtained from

either self report or informants, discriminated between subjects

rated as CDR 0 and CDR 0.5. Subjects with worse baseline

cognitive performance also had slightly worse ADL PI scores.

Preliminary analysis indicates that subjects who triggered

cognitive evaluations had slightly lower baseline ADL PI scores

by both self and informant reports.

Conclusions: The ADL PI can be completed at home or in clinic,

and has adequate reliability. The utility of self administered and

informant versions and predictive value of reported deficits

requires further follow up.

Key Words: activities of daily living, Alzheimer disease, clinical

trial

(Alzheimer Dis Assoc Disord 2006;20:S152 S169)
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Abstract
The National Institute on Aging and the Alzheimer’s Association charged a workgroup with the
task of developing criteria for the symptomatic predementia phase of Alzheimer’s disease (AD),
referred to in this article as mild cognitive impairment due to AD. The workgroup developed the
following two sets of criteria: (1) core clinical criteria that could be used by healthcare providers
without access to advanced imaging techniques or cerebrospinal fluid analysis, and (2) research
criteria that could be used in clinical research settings, including clinical trials. The second set of
criteria incorporate the use of biomarkers based on imaging and cerebrospinal fluid measures. The
final set of criteria for mild cognitive impairment due to AD has four levels of certainty,
depending on the presence and nature of the biomarker findings. Considerable work is needed to
validate the criteria that use biomarkers and to standardize biomarker analysis for use in
community settings.

Keywords
Mild cognitive impairment; AD dementia; Diagnosis

1. Introduction
The National Institute on Aging and the Alzheimer’s Association convened a working group
to revise the diagnostic criteria for the symptomatic predementia phase of Alzheimer’s
disease (AD). Details of the selection and the charge to the working group are outlined in the
Introduction to the revised criteria for AD that accompanies this article [1]. The present
article summarizes the recommendations of the working group.

The working group was assembled because of growing consensus in the field that there is a
phase of AD when individuals experience a gradually progressive cognitive decline that
results from the accumulation of AD pathology in the brain. When the cognitive impairment
is sufficiently great, such that there is interference with daily function, the patient is
diagnosed with AD dementia. The dementia phase of AD is the topic of a separate working
group report [2]. It is important to note that, as AD is a slow, progressive disorder, with no
fixed events that define its onset, it is particularly challenging for clinicians to identify
transition points for individual patients. Thus, the point at which an individual transitions
from the asymptomatic phase to the symptomatic predementia phase [3], or from the
symptomatic predementia phase to dementia onset, is difficult to identify [2]. Moreover,
there is greater diagnostic uncertainty earlier in the disease process. It is, nevertheless,
important to incorporate this continuum of impairment into clinical and research practice.

Two general principles underlie the recommendations presented in this report: (1) The Core
Clinical Criteria outlined later in the text are designed to be used in all clinical settings. The
working group believes that it is essential to have clinical criteria that can be applied
broadly, in any setting, without the need of highly specialized tests and/or procedures. (2)
The Clinical Research Criteria outlined later in the text, which incorporate the use of
biomarkers, are currently intended to be used only in research settings, including academic
centers and clinical trials. There are several reasons for this limitation: (1) more research
needs to be done to ensure that the criteria that include the use of biomarkers have been
appropriately designed, (2) there is limited standardization of biomarkers from one locale to
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another, and limited experience with cut-points for diagnosis, and (3) access to biomarkers
may be limited in different settings.

As a result, some aspects of the clinical research criteria may need to be revised, as these
criteria are put into practice and new findings emerge. The clinical research criteria include
an outline of additional data that need to be acquired so as to refine and improve their
application. From that perspective, the clinical research criteria are designed to be a work-in-
progress that will be updated regularly, as new information becomes available.

In these recommendations, we use the term “mild cognitive impairment (MCI) due to AD”
to refer to the symptomatic predementia phase of AD. This degree of cognitive impairment
is not normal for age and, thus, constructs such as age-associated memory impairment and
age-associated cognitive decline do not apply. From this perspective, MCI due to AD can be
considered as a subset of the many causes of cognitive impairment that are not dementia
(CIND), including impairments resulting from head trauma, substance abuse, or metabolic
disturbance [4].

Thus, the concept of “MCI due to AD” is used throughout this article to reflect the fact that
the ultimate focus of these criteria is to identify those symptomatic but nondemented
individuals whose primary underlying pathophysiology is AD. Similar to AD dementia,
MCI due to AD cannot be currently diagnosed by a laboratory test, but requires the
judgment of a clinician. Thus, MCI is a syndrome defined by clinical, cognitive, and
functional criteria [5,6]. Also, similar to AD dementia, etiologies in addition to AD
pathophysiological processes may coexist in an individual who meets the criteria for MCI
due to AD. Nevertheless, similar to the criteria proposed by the International Working
Group of Dubois et al [7], these criteria assume that it is possible to identify those
individuals with AD pathophysiological processes as the likely primary cause of their
progressive cognitive dysfunction [8–10].

2. Core clinical criteria for the diagnosis of MCI
In this section, we outline the core clinical criteria for individuals with MCI. In considering
the specifics of this clinical and cognitive syndrome, it is important to emphasize, as noted
earlier in the text, that sharp demarcations between normal cognition and MCI and between
MCI and dementia are difficult, and clinical judgment must be used to make these
distinctions.

2.1. MCI—Criteria for the clinical and cognitive syndrome
2.1.1. Concern regarding a change in cognition—There should be evidence of
concern about a change in cognition, in comparison with the person’s previous level. This
concern can be obtained from the patient, from an informant who knows the patient well, or
from a skilled clinician observing the patient.

2.1.2. Impairment in one or more cognitive domains—There should be evidence of
lower performance in one or more cognitive domains that is greater than would be expected
for the patient’s age and educational background. If repeated assessments are available, then
a decline in performance should be evident over time. This change can occur in a variety of
cognitive domains, including memory, executive function, attention, language, and
visuospatial skills. An impairment in episodic memory (i.e., the ability to learn and retain
new information) is seen most commonly in MCI patients who subsequently progress to a
diagnosis of AD dementia. (See the section on the cognitive characteristics later in the text
for further details).
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2.1.3. Preservation of independence in functional abilities—Persons with MCI
commonly have mild problems performing complex functional tasks which they used to
perform previously, such as paying bills, preparing a meal, or shopping. They may take
more time, be less efficient, and make more errors at performing such activities than in the
past. Nevertheless, they generally maintain their independence of function in daily life, with
minimal aids or assistance. It is recognized that the application of this criterion is
challenging, as it requires knowledge about an individual’s level of function at the current
phase of their life. However, it is noteworthy that this type of information is also necessary
for the determination of whether a person is demented.

2.1.4. Not demented—These cognitive changes should be sufficiently mild that there is
no evidence of a significant impairment in social or occupational functioning. It should be
emphasized that the diagnosis of MCI requires evidence of intraindividual change. If an
individual has only been evaluated once, change will need to be inferred from the history
and/or evidence that cognitive performance is impaired beyond what would have been
expected for that individual. Serial evaluations are of course optimal, but may not be
feasible in a particular circumstance.

2.2. Cognitive characteristics of MCI
It is important to determine whether there is objective evidence of cognitive decline, and if
so, the degree of this decline in the reports by the individual and/or an informant. Cognitive
testing is optimal for objectively assessing the degree of cognitive impairment for an
individual. Scores on cognitive tests for individuals with MCI are typically 1 to 1.5 standard
deviations below the mean for their age and education matched peers on culturally
appropriate normative data (i.e., for the impaired domain(s), when available). It is
emphasized that these ranges are guidelines and not cutoff scores.

2.2.1. Cognitive assessment—As noted earlier in the text, impairment in episodic
memory (i.e., the ability to learn and retain new information) is most commonly seen in
MCI patients who subsequently progress to a diagnosis of AD dementia. Research studies
have shown that there are a variety of episodic memory tests that are useful for identifying
those MCI patients who have a high likelihood of progressing to AD dementia within a few
years. These tests share the characteristic that they assess both immediate and delayed recall,
so that it is possible to determine retention over a delay. Many, although not all, of the tests
that have proven useful in this regard are word-list learning tests with multiple trials. Such
tests reveal the rate of learning over time, as well as the maximum amount acquired over the
course of the learning trials. They are also useful for demonstrating that the individual is, in
fact, paying attention to the task on immediate recall, which then can be used as a baseline to
assess the relative amount of material retained on delayed recall. Examples of such tests
include (but are not limited to): the Free and Cued Selective Reminding Test, the Rey
Auditory Verbal Learning Test, and the California Verbal Learning Test. Other episodic
memory measures include: immediate and delayed recall of a paragraph such as the Logical
Memory I and II of the Wechsler Memory Scale Revised (or other versions) and immediate
and delayed recall of nonverbal materials, such as the Visual Reproduction subtests of the
Wechsler Memory Scale-Revised I and II.

Because other cognitive domains can be impaired among individuals with MCI, it is
important to examine domains in addition to memory. These include: executive functions
(e.g., set-shifting, reasoning, problem-solving, planning), language (e.g., naming, fluency,
expressive speech, and comprehension), visuospatial skills, and attentional control (e.g.,
simple and divided attention). Many validated clinical neuropsychological measures are
available to assess these cognitive domains, including (but not limited to): the Trail Making
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Test (executive function), the Boston Naming Test, letter and category fluency (language),
figure copying (spatial skills), and digit span forward (attention).

If formal cognitive testing is not feasible, then cognitive function can be assessed using a
variety of simple, informal techniques. For example, the clinician can ask a patient to learn a
street address and to recall it after a delay interval of a few minutes (e.g., John Brown, 42
Market Street, Chicago). Alternatively, the clinician can ask the patient to name three
objects (e.g., a pen, a paper clip, and a dollar bill), place them in different locations around
the room and subsequently ask the patient to recall the names of the objects and their
locations, again after a brief delay. These types of approaches are relatively easy to perform
during an office visit, and will yield informative results. It is important, however, for
clinicians to recognize that these informal tests will likely be insensitive to subtle cognitive
dysfunction during the early stages of MCI, and will often yield normal performance. In
addition, these approaches typically do not assess cognitive domains beyond memory.

Finally, it must be recognized that atypical clinical presentations of AD may arise, such as
the visual variant of AD (involving posterior cortical atrophy) or the language variant
(sometimes called logopenic aphasia), and these clinical profiles are also consistent with
MCI due to AD.

2.2.2. Summary of clinical and cognitive evaluation—The initiation of a clinical
and cognitive evaluation typically includes a cognitive concern expressed by the patient, an
informant, or a clinician observing the patient’s performance. Cognitive decline can be
documented by means of the history from the patient, preferably corroborated by an
informant, or on the basis of observation by the clinician. Ideally, if serial assessments are
available, they would be preferable, but in the setting of a single evaluation, this information
is inferred from the history. The patient’s cognition is assessed and found to be outside the
normal range of function for the patient’s age and educational background, but not
sufficiently impaired to constitute dementia. The impairment can involve one or more
cognitive domains. The clinician determines whether memory is prominently impaired, or
whether the impairments in other cognitive domains predominate, such as spatial or
language impairment. Typically, memory is the most common domain involved among
patients who subsequently progress to AD dementia, as noted earlier in the text. There is
generally mild functional impairment for complex tasks, but basic activities of daily living
should be preserved, and the person should not meet criteria for dementia. It should be noted
that the clinical syndrome, as summarized in this section and Table 1, is almost identical to
the one previously described by Petersen et al [5,6,11].

2.2.3. Longitudinal cognitive evaluation—Evidence of progressive decline in
cognition provides additional evidence that the individual has “MCI due to AD,” as noted
earlier in the text. Thus, it is important to obtain longitudinal assessments of cognition,
whenever possible. It is recognized that a diagnosis will likely need to be given without the
benefit of this information; however, obtaining objective evidence of progressive declines in
cognition over time is important for establishing the accuracy of the diagnosis, as well as for
assessing any potential treatment response.

2.2.4. Cautionary issues pertaining to cognitive assessment—It is important to
emphasize that virtually all cognitive tests are sensitive to differences in age, education (i.e.,
literacy), and/or cultural variation among individuals. Age and educational norms are
available for some tests, but few have norms that pertain to the oldest old (individuals aged
≥90 years). Moreover, considerable work remains to establish the reliability of cognitive
tests across populations with wide cultural variation.
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2.3. Etiology of the MCI clinical and cognitive syndrome consistent with AD
Once it has been determined that the clinical and cognitive syndrome of the individual is
consistent with that associated with AD, but that the individual is not demented, the clinician
must determine the likely primary cause, for example, degenerative, vascular, depressive,
traumatic, medical comorbidities, or mixed disease. Typically, this information is derived
from further historical information and ancillary testing (e.g., neuroimaging, laboratory
studies, and neuropsychological assessment) that may prove informative.

To meet the core clinical criteria for MCI, it is necessary to rule out other systemic or brain
diseases that could account for the decline in cognition (e.g., vascular, traumatic, medical).
The goal of such an evaluation is to increase the likelihood that the underlying disease is a
neurodegenerative disorder with characteristics consistent with AD. This diagnostic strategy
is similar to the one that is used to diagnose “dementia due to AD.” This may include
seeking evidence for: (1) Parkinsonism, including prominent visual hallucinations, and rapid
eye movement sleep abnormalities, often seen in dementia with Lewy bodies, (2) multiple
vascular risk factors and/or the presence of extensive cerebrovascular disease on structural
brain images, which is suggestive of vascular cognitive impairment, (3) prominent
behavioral or language disorders early in the course of disease that may reflect
frontotemporal lobar degeneration, or (4) very rapid cognitive decline that occurs over
weeks or months, typically indicative of prion disease, neoplasm, or metabolic disorders. It
should be noted that the pathological features of some of these disorders can exist in
combination with AD (e.g., Lewy bodies and vascular disease), particularly among
individuals at an advanced age.

The presence of vascular pathology, in the setting of MCI, is particularly challenging from a
diagnostic perspective. Because AD pathology frequently coexists with vascular pathology,
particularly at older ages, both may contribute to cognitive dysfunction. Thus, during life, it
may be difficult to determine which pathological feature is the primary cause of the
cognitive impairment.

Among the oldest old (i.e., those aged ≥90 years), there are additional difficulties in
determining the etiology of the cognitive decline. For example, the pathological criteria for
AD remain unclear for the oldest old.

2.3.1. Role of autosomal genetic mutations for AD—An additional issue is the role
of genetics in the diagnosis. If an autosomal dominant form of AD is known to be present
(i.e., mutation in APP, PS1, PS2), then the development of MCI is most likely the prodrome
to AD dementia. The large majority of these cases develop early onset AD (i.e., onset below
65 years of age). There remains, however, variable certainty about the time course over
which the progression from MCI to AD dementia will evolve in these individuals [12].

2.3.2. Role of genes that increase risk for AD—In addition, there are genetic
influences on the development of late onset AD dementia. To date, the presence of one or
two ε 4 alleles in the apolipoprotein E (APOE) gene is the only genetic variant broadly
accepted as increasing risk for late-onset AD dementia, whereas the ε2 allele decreases risk.
Evidence suggests that an individual who meets the clinical, cognitive, and etiologic criteria
for MCI, and is also APOE ε4 positive, is more likely to progress to AD dementia within a
few years than an individual without this genetic characteristic. It has been hypothesized that
many additional genes play an important, but smaller role than APOE; these additional
genes will also confer changes in risk for progression to AD dementia [13].
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3. MCI—Research criteria incorporating biomarkers
In this section, we discuss the use of biomarkers in the diagnosis of “MCI due to AD.” Much
has been learned about the application of biomarkers to individuals with MCI. Thus, it
seems important to incorporate this knowledge into the diagnostic framework outlined in
these recommendations, recognizing as noted earlier in the text, that as new information
emerges, it may be necessary to revise the way in which these recommendations incorporate
biomarkers.

Two fundamental issues about individuals with MCI may be answered by the use of
biomarkers: (1) To establish support for the underlying etiology of the clinical syndrome in
an individual with MCI, which will have major importance for choosing the correct therapy,
when effective treatments are available. (2) To determine the likelihood of cognitive and
functional progression for an individual MCI patient to a more severe stage of MCI or to
dementia, and the likelihood that this progression will occur within a defined period.

These questions are clearly interdependent, as different underlying etiologies can confer
different prognoses for progression. However, a biomarker that is useful for defining an
etiology may or may not be useful for prognostication, and vice versa. The different
properties of biomarkers will ultimately drive their use in clinical situations, such as
deciding whom to treat, as well as research situations that might include selection of subjects
for clinical trials or for inclusion in longitudinal research studies. In addition, because the
timing of progression to dementia is important, different biomarkers may have differential
utility over the short- and long-term.

Biomarkers may be divided into several different classes. Some biomarkers directly reflect
the pathology of AD by providing evidence of the presence of key proteins deposited in the
brain during the course of AD, such as the beta-amyloid protein (Aβ) and tau [14]. Other
biomarkers provide less direct or nonspecific evidence of AD by tracking a variety of
indices of neuronal injury. These biomarkers may also have some specificity for AD, by
virtue of the regional pattern of abnormalities. Conversely, other biomarker patterns can be
useful in providing evidence of an alternative non-AD underlying cause.

The current pathological criteria for AD require evidence of Aβ deposition in plaques, along
with evidence of tau deposition in neurofibrillary tangles. Evidence suggests that together
the buildup of these two proteins in the brain is associated with neuronal injury. Thus, for
the clinical research criteria proposed in this report to be based on the established
pathological criteria, we have defined biomarkers in terms of whether they reflect Aβ
deposition, tau deposition, or signs of neuronal injury.

Markers of Aβ deposition include both cerebrospinal fluid (CSF) measures of lower Aβ42
levels [14–16] and positron-emission tomography (PET) evidence of Aβ deposition, using a
variety of specific ligands [17]. Markers of tau accumulation include CSF measures of
increased total tau or phosphorylated-tau (p-tau) [14–16].

It should be noted that increased Aβ deposition is seen in disorders other than AD (e.g.,
amyloid angiopathy). Likewise, although elevated levels of tau are clearly associated with
AD, this finding may also occur in other neurodegenerative disorders (e.g., prion diseases).
However, evidence of damage to neurons and synapses may also derive from direct
measurement of tau (both total tau and p-tau) in the CSF, thus alterations in tau appear to be
more nonspecific than the alterations in Aβ. Therefore, in these recommendations, CSF tau
is considered to be a strong marker of the neuronal injury associated with AD. However, the
two biomarkers in combination are extremely informative. Together with low CSF Aβ42,
elevated CSF tau provides a high likelihood of progression to AD in patients with MCI.
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Measures of downstream neuronal injury include a number of structural and functional
measures, including brain atrophy, and hypometabolism or hypoperfusion obtained with
magnetic resonance imaging (MRI), PET, and single-photon emission computed
tomography (SPECT) imaging [18–20].

A third group of biomarkers reflect biochemical changes related to processes such as cell
death, synaptic damage, oxidative stress, or inflammation that may be part of the cascade of
events that mediate damage, or the response to damage, in AD.

The major biomarkers in each of these categories are discussed later in the text and listed in
Table 2.

3.1. Biomarkers reflecting Aβ
The amyloid plaques that are a hallmark feature of a pathological diagnosis of AD are
reflected in biomarkers that can detect and quantify the Aβ protein that accumulates in the
brain, as noted earlier in the text. This protein can be measured directly in CSF and plasma,
however, the levels in CSF directly reflect the presence/amount of cerebral Aβ deposits
(e.g., lower Aβ42). PET scanning with a variety of ligands, some of which are still under
development, can also detect fibrillar Aβ. CSF Aβ42 and PET measures of fibrillar Aβ are
strongly and inversely correlated with one another, and appear to reflect Aβ deposition in
the brain [17].

Current evidence suggests that markers of amyloid pathology (i.e., CSF and PET) precede
evidence of neuronal injury. This does not prove that Aβ is the initiating factor for the
disease. However, it does suggest that these different categories of biomarkers seem to
provide different sorts of information about the progress of disease in the brain.

3.2. Biomarkers reflecting neuronal injury
Elevated levels of tau are clearly associated with AD pathophysiological processes, as noted
earlier in the text. However, changes in tau and phosphorylated-tau can also reflect general
damage to neurons and synapses. In addition, AD also results in a wide range of structural
and functional changes in the brain that have diagnostic and prognostic value in dementia
and MCI, which appear to reflect damage to neurons and synapses. Many of these changes
have topographic specificity for the neural damage or dysfunction that occurs in AD.
Particular patterns of sequential involvement are characteristic of AD as well. Examples
include loss of hippocampal volume seen on MRI, and reduction of glucose metabolism or
perfusion in temporoparietal cortex that may be detected with PET or SPECT scanning.
Although these biomarkers have been associated with the neuropathology of AD, regional
atrophy, global atrophy, and regional hypometabolism and hypoperfusion are not specific
for AD. These measures appear to provide evidence about the stage or severity of disease
that may not be provided by Aβ biomarkers [21].

Other approaches to detection of downstream neuronal injury include the use of structural
and functional measures that reflect more complex patterns of tissue loss or metabolic loss
obtained with imaging procedures. These measures may be derived from data-driven
statistical approaches in which many different brain regions are evaluated simultaneously. In
these cases, replication and generalizability of findings must be demonstrated to develop
data that can be used at the level of individual subject prediction.

Other techniques for which less data are currently available include diffusion tensor
imaging, magnetic resonance spectroscopy, functional MRI, and resting BOLD functional
connectivity. MRI perfusion has shown results similar to both SPECT/PET perfusion and
PET metabolism, but available data are more limited.
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3.3. Associated biochemical change
AD is characterized by numerous biochemical events, including oxidative stress (e.g.,
isoprostanes) and inflammation (e.g., cytokines). CSF, plasma, and imaging markers of
these processes may provide information about specific pathways that are abnormal and
could also provide information suggestive of underlying pathology. Additional work in this
area is needed to know how useful these markers will be.

3.4. Limitations of current state of knowledge regarding biomarkers for AD
Many studies have used biomarkers to predict cognitive decline or progression to dementia
among MCI patients, and most of the biomarkers in Table 2 are reported to be valuable in
this situation. By contrast, there are several important limitations to current knowledge [22].

Few biomarkers have been compared with one another in multivariate studies, few have
been validated with postmortem studies, and the use of combinations of biomarkers in
studies has been limited. Therefore, it is currently difficult to understand the relative
importance of different biomarkers when used together, and to interpret results when
biomarker data conflict with one another.

Equally important, there is a dearth of truly predictive studies at the individual subject level
or in unselected populations. Many biomarker studies report differences between
“converters” and “stable” groups of subjects analyzed retrospectively (i.e., with subsequent
knowledge of which subjects progressed to dementia).

Few studies define a specific cutoff value for a biomarker or biomarkers and then
prospectively test its predictive accuracy. Effective use of biomarkers in the clinical arena
will require the ability to assign a likelihood of decline or progression to dementia in an
individual person over a specific time interval through the use of a single or multiple
biomarkers.

Another major limitation is knowledge about the timing of decline or progression to
dementia because the ability to detect change is dependent on the period of observation or
prediction. Some biomarkers seem to have utility in predicting change over relatively short
periods of observation, such as over 1 to 3 years. It seems likely that other types of
biomarkers would be useful in predicting change over longer periods, such as many years or
even decades. A complete understanding of the role of biomarkers in prediction of decline in
MCI will require both short and long-term periods of observation.

Finally, little is known about outcome when biomarkers provide conflicting results, as noted
earlier in the text. When a panel of biomarkers is used, it is possible that for some
individuals, one biomarker will be positive, one negative, and one equivocal. This is
complicated further by the fact that the biomarkers examined to date are not always clearly
positive or clearly negative, but vary in degree. The long-term significance of such findings
may also vary with the length of follow-up.

From a clinical perspective, it is important to emphasize, as noted earlier in the text, that
although substantial deposits of Aβ and tau are required for a pathological diagnosis of AD,
changes in these molecular markers in CSF are seen in other disorders (e.g., amyloid
angiopathy, dementia with Lewy bodies, prion disease). Thus, the application of biomarkers
as part of the clinical evaluation should consider other potential disorders, based on the
overall clinical presentation of the patient.
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3.5. Application of biomarkers to the clinical research diagnosis of MCI due to AD
In this section, we discuss the way in which biomarkers increase the likelihood that the MCI
syndrome is due to the pathophysiological processes of AD. This diagnostic scheme is based
on the wealth of biomarker and clinicopathological studies available. These data suggest that
the conjoint application of clinical criteria and biomarkers can result in various levels of
certainty that the MCI syndrome is due to AD pathophysiological processes.

For the purposes of the diagnostic approach we propose in these recommendations, two
categories of biomarkers have been the most studied and applied to clinical outcomes. In this
article, they are referred to as “Aβ” (which includes CSF Aβ42 or PET amyloid imaging)
and “biomarkers of neuronal injury” (which refers to CSF tau/p-tau, hippocampal, or medial
temporal lobe atrophy on MRI, and temporoparietal/precuneus hypometabolism or
hypoperfusion on PET or SPECT).

The criteria outlined later in the text are aimed at defining the level of certainty that the AD
pathophysiological process is the underlying cause of the MCI syndrome in a given patient.
The hypothesis underlying this classification scheme is that the evidence of both Aβ, and
neuronal injury (either an increase in tau/p-tau or imaging biomarkers in a topographical
pattern characteristic of AD), together confers the highest probability that the AD
pathophysiological process is present. Conversely, if these biomarkers are negative, this may
provide information concerning the likelihood of an alternate diagnosis. It is recognized that
biomarker findings may be contradictory and that much remains to be learned about the
outcome in these situations.

Currently, CSF Aβ42 and tau measures, the ratio of CSF tau/Aβ42, PET amyloid measures,
and other biomarkers of neuronal injury such as hippocampal atrophy and temporoparietal
hypometabolism have all been shown to predict progression of MCI to dementia. Whether
one of these measures or a combination of them is more sensitive than the other, and
whether quantitative values provide more information than a dichotomous rating are yet to
be determined conclusively. It is also not yet known whether the best predictions of the
actual rate of progression depend on the degree to which an individual expresses biomarkers
of neuronal injury.

It is important to emphasize that standardization of these biomarkers is currently limited,
and results often vary from laboratory to laboratory. Ultimately, it will be necessary to
interpret biomarker data in the context of well-established normative values. “Positive” or
abnormal values should fall within reliable and valid pathological ranges. Moreover,
procedures for acquisition and analysis of samples need to be established to implement these
biomarker criteria on a broad scale. Finally, although we consider biomarkers as “negative”
or “positive” for purposes of classification, it is recognized that varying severities of an
abnormality may confer different likelihoods or prognoses, which is currently difficult to
quantify accurately for broad application.

In the coming years, when many of the unknown issues have been resolved, biomarkers
reflecting AD pathophysiological processes in an individual with MCI will have two
implications, depending on whether their levels fall within a range that supports the
diagnosis of “MCI due to AD.” First, if therapies directed at one or both of these two
pathological proteins are being tested, or are effective for AD, then their detection with these
biomarkers should indicate appropriate patient selection in terms of those most likely to
derive therapeutic benefit. Second, detection of these biomarkers will predict a higher rate of
cognitive and functional progression in patients with MCI whose biomarkers are positive as
compared with MCI patients whose biomarkers are negative.
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3.6. Biomarkers and levels of certainty for the diagnosis of MCI due to AD
In this section, we outline a probabilistic framework for the way in which biomarkers may
be used to provide increasing levels of certainty that AD pathology is the cause of an
individual’s cognitive decline. That is, for those MCI subjects whose clinical and cognitive
MCI syndrome is consistent with AD as the etiology, the addition of biomarkers would
affect levels of certainty in the diagnosis.

In the most typical example in which the clinical and cognitive syndrome of MCI has been
established, including evidence of an episodic memory disorder and a presumed
degenerative etiology, the most likely cause is the neurodegenerative process of AD.
However, the eventual outcome still has variable degrees of certainty. The likelihood of
progression to AD dementia will vary with the severity of the cognitive decline and the
nature of the evidence suggesting that AD pathophysiology is the underlying cause. Using
the probabilistic framework proposed in these recommendations, positive biomarkers
reflecting neuronal injury would increase the likelihood that progression to dementia will
occur within a few years; however, positive findings reflecting both Aβ accumulation and
neuronal injury together would confer the highest likelihood that the diagnosis is MCI due to
AD.

In the example of the MCI patient who presents with an executive, spatial, or language
impairment, it is still possible for such an individual to progress to AD dementia, although
with a lower frequency. Thus, these presentations of MCI need to be recognized. The role of
biomarkers may be particularly useful in this setting. For example, if a patient presents with
a prominent visuospatial deficit and has significant atrophy in the parieto-occipital region on
MRI, one might suspect a degenerative etiology likely leading to posterior cortical atrophy
or the visual variant form of AD. If positive evidence of Aβ accumulation were also
obtained on the basis of amyloid imaging or CSF measures, then the diagnosis of “MCI due
to AD” would have a high likelihood.

In the following sections, we describe this hypothetical framework by which biomarkers
may be used to increase diagnostic accuracy. As emphasized earlier, this hypothetical
framework will need to be tested by future studies and revised, as future data are
generated.

3.6.1. Biomarkers indicating a high likelihood that the MCI syndrome is due to
AD

a. A positive Aβ biomarker and a positive biomarker of neuronal injury. The evidence
to date indicates that this confers the highest likelihood that AD pathophysiological
processes are the cause of the cognitive dysfunction. In addition, individuals with
this biomarker profile are more likely to decline or progress to dementia due to AD
in relatively short periods.

3.6.2. Biomarkers indicating an intermediate likelihood that the MCI syndrome
is due to AD

a A positive Aβ biomarker in a situation in which neuronal injury biomarkers
have not been or cannot be tested.

Or

b A positive biomarker of neuronal injury in a situation in which Aβ biomarkers
have not been or cannot be tested.
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Individuals falling within either of these categories show a major aspect of the AD
pathological process, but without full evidence of both Aβ deposition and the downstream
neuronal damage that characterize AD. Such individuals are considered to have a somewhat
lower likelihood of underlying AD than individuals in whom both categories of biomarkers
are positive. Note that this category does not include individuals in whom the two types of
biomarkers provide conflicting information. This category accounts for situations in which
one group of biomarkers cannot be tested because of access to technology, cost, or other
reasons.

3.6.3. Situations in which biomarker information is uninformative
a. Results fall within ambiguous ranges (neither clearly positive nor negative) or

biomarkers conflict with one another. In this category are also individuals in whom
biomarkers have NOT been obtained.

There are many situations in which our current understanding of biomarkers limits the utility
of biomarker testing. Clearly, there are many situations in which no biomarker testing can be
or will be performed. This is likely to be the case in many routine clinical applications of the
MCI criteria. Furthermore, there are many potential situations in which biomarkers could
offer conflicting results (i.e., a positive Aβ biomarker and a negative biomarker of neuronal
injury or the reverse). There is little available evidence to interpret the importance of the
many different possible combinations of such biomarker outcomes; thus, these situations are
classified together as uninformative. Finally, we recognize that results do not always fall
into clearly “positive” and “negative” ranges but may be ambiguous, and the importance of
such findings is unknown.

3.6.4. Biomarkers that suggest that the MCI syndrome is unlikely to be due to
AD

a. Negative biomarkers for both Aβ and neuronal injury. The definitive absence of
evidence of either Aβ deposition or neuronal injury strongly suggests that the MCI
syndrome is not due to AD. In such situations, search for biomarkers that reflect
alternative pathological processes should be considered. Such biomarkers are not as
well established as those for AD. They may include: (1) prominent frontal or
frontotemporal hypometabolism, hypoperfusion, or atrophy that often reflects
frontotemporal lobar degeneration, (2) loss of dopamine transporters seen with
SPECT imaging, often seen in dementia with Lewy bodies, (3) a periodic
electroencephalogram, diffusion-weighted imaging changes on MRI, or an
extremely high CSF tau protein in someone with very rapid dementia progression
(progression from normal to moderate or severe dementia in ≤6 months) is typically
indicative of prion disease, or (4) the presence of extensive cerebrovascular disease
on structural brain images, without any biomarkers characteristic of AD, which is
suggestive that the syndrome reflects vascular cognitive impairment. In all of these
cases, the risk of subsequent decline is related to the most likely underlying
pathology and the potential treatments that may be available.

4. Proposed terminology for classifying individuals with “MCI due to AD”
with varying levels of certainty

We propose the terminology for “MCI due to AD” in the following sections, incorporating
the use of biomarkers. It is fully recognized that there are limitations in our knowledge about
these biomarkers, as noted earlier. These criteria are designed to stimulate the application of
biomarkers in clinical research settings, thus permitting refinements in these criteria over
time (Table 3).
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4.1. MCI—Core clinical criteria
Individuals in this category meet the Core Clinical Criteria for MCI, based on the
characteristics of the clinical syndrome and an examination of potential etiologic causes for
the cognitive decline, as outlined earlier in the text. This evaluation process is designed to
increase the likelihood that the underlying disease responsible for the cognitive dysfunction
is a neurodegenerative disorder with characteristics consistent with AD. However, if
biomarkers have been obtained, but the aggregate information is considered uninformative,
this diagnosis will also apply. This would occur in situations in which biomarker results
conflict with one another, or in situations in which results fall in an indeterminate range that
is neither clearly negative nor positive. Patients in this category have the typical presentation
of individuals who are at an increased risk of progressing to AD dementia. As noted earlier
in the text, these individuals typically have a prominent impairment in episodic memory, but
other patterns of cognitive impairment can also progress to AD dementia over time (e.g.,
visuospatial impairments). Note that this category also applies to situations in which
biomarkers have NOT been tested. This category is still consistent with the possibility that
the patient with MCI has underlying AD pathology

4.2. MCI due to AD—Intermediate likelihood
If the subject meets the Core Clinical Criteria for MCI, but in addition has either a positive
biomarker reflecting Aβ deposition with an untested biomarker of neuronal injury, or a
positive biomarker reflecting neuronal injury with an untested biomarker of Aβ, then there is
increased likelihood that the outcome will be AD dementia. Thus, in the absence of one of
these categories of biomarker information, the situation is still consistent with an
intermediate level of certainty that the individual will progress to AD dementia over time.
Therefore, patients who meet the criteria for this diagnosis have an intermediate level of
certainty that they have “MCI due to AD.”

4.3. MCI due to AD—High likelihood
If the subject meets the Core Clinical Criteria for MCI, and in addition has positive
biomarkers for both Aβ and neuronal injury, this provides the highest level of certainty that
over time the individual will progress to AD dementia. Thus, patients who meet the criteria
for this diagnosis have the highest level of certainty that they have “MCI due to AD,” and
that they will progress to AD dementia over time.

4.4. MCI—Unlikely due to AD
Patients who have negative biomarkers for both Aβ and neuronal injury are considered to
have the lowest likelihood of underlying AD pathophysiology. Although such individuals
may still have AD, a search for an alternate cause of the MCI syndrome is warranted.
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Table 1

Summary of clinical and cognitive evaluation for MCI due to AD

Establish clinical and cognitive criteria

Cognitive concern reflecting a change in cognition reported by patient or informant or clinician (i.e., historical or observed evidence of decline
over time)

Objective evidence of Impairment in one or more cognitive domains, typically including memory (i.e., formal or bedside testing to establish
level of cognitive function in multiple domains)

Preservation of independence in functional abilities

Not demented

Examine etiology of MCI consistent with AD pathophysiological process

Rule out vascular, traumatic, medical causes of cognitive decline, where possible

Provide evidence of longitudinal decline in cognition, when feasible

Report history consistent with AD genetic factors, where relevant

Abbreviations: AD, Alzheimer’s disease; MCI, mild cognitive impairment.

Alzheimers Dement. Author manuscript; available in PMC 2012 March 25.

Records Processed under FOI request 2017-2012; Released by CDRH on 07/13/2018

Questions Contact FDA/CDRH/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Albert et al. Page 16

Table 2

Biomarkers under examination for AD

Biomarkers of Aβ deposition

CSF Aβ42

PET amyloid imaging

Biomarkers of neuronal injury

CSF tau/phosphorylated-tau

Hippocampal volume or medial temporal atrophy by volumetric measures or visual rating

Rate of brain atrophy

FDG-PET imaging

SPECT perfusion imaging

Less well validated biomarkers: fMRI activation studies, resting BOLD functional connectivity, MRI perfusion, MR spectroscopy, diffusion
tensor imaging, voxel-based and multivariate measures

Associated biochemical change

Inflammatory biomarkers (cytokines)

Oxidative stress (isoprostanes)

Other markers of synaptic damage and neurodegeneration such as cell death

Abbreviations: Aβ, beta-amyloid protein; CSF, cerebrospinal fluid; PET, positron emission tomography; FDG, fluorodeoxyglucose; SPECT, single
photon emission tomography; MRI, magnetic resonance imaging; fMRI, functional magnetic resonance imaging; BOLD, blood oxygen level-
dependent; MR, magnetic resonance.
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Table 3

MCI criteria incorporating biomarkers

Diagnostic category

Biomarker
probability of AD
etiology Aβ (PET or CSF) Neuronal injury (tau, FDG, sMRI)

MCI-core clinical criteria Uninformative Conflicting/indeterminant/untested Conflicting/indeterminant/untested

MCI due to AD—intermediate
likelihood

Intermediate Positive Untested

Untested Positive

MCI due to AD—high likelihood Highest Positive Positive

MCI—unlikely due to AD Lowest Negative Negative

Abbreviations: AD, Alzheimer’s disease; Aβ, amyloid beta peptide; PET, positron emission tomography; CSF, cerebrospinal fluid; FDG.
fluorodeoxyglucose; sMRI, structural magnetic resonance imaging.
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Test–retest reliability analysis of the Cambridge Neuropsychological Automated

Tests for the assessment of dementia in older people living in retirement homes

Marta Matos Gonçalvesa, Maria Salomé Pinhoa and Mário R. Simõesb

aFaculty of Psychology and Educational Sciences, University of Coimbra, Coimbra, Portugal; bCognitive and Behavioral Center for Research,
Psychological Assessment and Psychometrics Lab, Faculty of Psychology and Educational Sciences, University of Coimbra, Coimbra, Portugal

ABSTRACT
The validity of the Cambridge Neuropsychological Automated Tests has been widely studied, but
their reliability has not. This study aimed to estimate the test–retest reliability of these tests in a
sample of 34 older adults, aged 69 to 90 years old, without neuropsychiatric diagnoses and living in
retirement homes in the district of Lisbon, Portugal. The battery was administered twice, with a
4-week interval between sessions. The Paired Associates Learning (PAL), Spatial Working Memory
(SWM), Rapid Visual Information Processing, and Reaction Time tests revealed measures with high-
to-adequate test–retest correlations (.71–.89), although several PAL and SWM measures showed
susceptibility to practice effects. Two estimated standardized regression-based methods were
found to be more efficient at correcting for practice effects than a method of fixed correction. We
also found weak test–retest correlations (.56–.68) for several measures. These results suggest that
some, but not all, measures are suitable for cognitive assessment and monitoring in this
population.

KEYWORDS
Alzheimer disease; CANTAB;
practice effects; reliable
change index; standardized
regression-based models
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CANTAB Mobile 

16. Software

Table of Documents 

The following table summarizes documentation provided, based on the guidance in Table 3 
of Guidance for the Content of Premarket Submissions for Software Contained in Medical 
Devices (May 11, 2005) for software designated Minor level of concern. 

Table 1. Documentation Provided for Cantab Mobile, Designated Minor Level of 
Concern 
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Approval by the following personnel signifies agreement that the content, rationale and 
approach are consistent with requirements, that a review for clarity, accuracy, completeness 
and compliance has been completed, and the document is approved for use. 
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