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Cognitive decline is an early feature of neurodegenerative conditions. CogState has developed a game-like
computerized test battery with demonstrated acceptability, validity, reliability, stability, efficiency and
sensitivity to detecting cognitive decline in older people under supervised conditions. This study aimed

Keywords: to evaluate an internet-based version of this test when used remotely and self-administered in a cohort of
Computerized testing healthy, community-dwelling older adults aged 55 and above over a 12 month period at 1-3 monthly
Elderly intervals. Test usability and reliability was examined in terms of acceptability, stability and reliability.
SZEE;ESIH Of 150 participants (age: 63.6 + 5.6, range 55-83 years), 143 (95%) successfully completed a valid base-
Screening line test. Of these, 67% completed 3 month and 43% 12 months of testing. Technical difficulties were

reported by 9% of participants. For those participants who completed 12 months tests, all tasks showed
moderate to high stability and test-retest reliability.

This brief computerized test battery was shown to have high acceptability for baseline self-adminis-
tered testing and moderate to high stability for repeated assessments over 12 months. Attrition was high
between baseline and 3 months. These data suggest that this tool may be useful for high frequency mon-

Community based

itoring of cognitive function over 6-12 months, and deserves further evaluation.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Simple, inexpensive methods for detecting early
neurodegenerative disease are urgently required (Sperling et al.,
2011). In addition to the worldwide incidence of dementia increas-
ing dramatically (2009 Alzheimer’s disease facts and figures, 2009;
Ferri et al., 2005; Mayeux, 2003), research efforts to develop
disease-modifying therapies have been ineffective despite promis-
ing benefit in animal models (Gilman et al., 2005; Salloway et al.,
2009). Deployment of such therapies in prodromal Alzheimer’s dis-
ease (AD) are more likely to be beneficial, with current research
approaches utilizing either groups at high risk including determin-
istic genetic mutation carriers (Bateman et al., 2011, 2012; Reiman
& Tariot, 2010), older adults (Sperling & Johnson, 2012; Sperling
et al, 2011) and those with apolipoprotein E4 status (Fleisher
et al.,, 2012), or biomarkers sensitive to early AD pathology
(Blennow et al., 2007; Fagan et al., 2007; Morris et al., 2009; Pike
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et al., 2007; Villemagne et al., 2010). The latter are not suitable
for wide-scale screening because of: cost; exposure to ionizing
radiation or level of invasiveness (Darby, Brodtmann, Woodward,
Budge, & Maruff, 2011). More cost-effective instruments are
required.

Screening for subtle cognitive impairment is a possible alterna-
tive (Landau et al., 2012). However, conventional cognitive testing
usually requires trained supervisors overseeing testing at specified
times and testing locations (Fredrickson et al., 2010). In addition,
testing of large numbers of individuals introduces additional com-
promises in length of assessments, test selection, and staffing re-
sources. These issues are compounded for prospective studies
requiring repeated assessments (Fredrickson et al., 2010). Further-
more, metric properties of such tests are not necessarily ideal for
repeated testing at short retest intervals due to range restriction,
practice effects or limited sensitivity to detect subtle cognitive
changes (Bartels, Wegrzyn, Wiedl, Ackermann, & Ehrenreich,
2010; Benedict & Zgaljardic, 1998; Fredrickson et al., 2010). Com-
puterized cognitive testing can help circumvent these limitations,
particularly if such tests are designed to be appropriate for re-
peated administration and for use in older people (Falleti, Maruff,
Collie, & Darby, 2006; Fredrickson et al., 2010), though none have
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been evaluated comprehensively for primary care practice (Tierney
& Lermer, 2010). In addition, although techniques are described to
utilize biofeedback in unsupervised brain training games (Mandryk
et al,, 2012), we are not aware of any prior attempts to utilize re-
mote unsupervised internet-based remote and self-administered
computer testing specifically for the detection of cognitive decline.

We have previously shown that the tasks of the CogState Brief
Battery (CBB) can be used in a community setting to serially assess
older people efficiently without substantial supervision (Darby,
Brodtmann, Pietrzak, et al., 2011; Darby et al., 2012; Fredrickson
et al., 2010). The CBB tasks assess psychomotor processing speed
(DET), visual attention (IDN), working memory (OBK) and memory
(OCL) (Bakker et al., 2012; Fredrickson et al., 2010). These provide a
broad screening of cognition to determine whether decline affects
multiple or specific cognitive domains, particularly episodic mem-
ory which is typically impaired early in Alzheimer’s disease (Bak-
ker et al., 2012; Fredrickson et al., 2010). Such evaluations were
well tolerated, producing high rates of valid tests, low attrition
over 12 months of 3 monthly testing, and good psychometric
test-retest properties (Fredrickson et al., 2010). In addition, decline
in memory on the brief memory test from the CBB was found to be
predictive of accumulation of cortical amyloid (odds ratio 6-8)
suggestive of prodromal AD in otherwise healthy older adults (Dar-
by, Brodtmann, Pietrzak, et al., 2011; Darby et al.,, 2012). With
more frequent testing (e.g. 1-3 times monthly), such decline can
also be detected within 6 months with sufficient power to be con-
sidered useful in clinical trials of potential disease-modifying ther-
apies (Lim, Pietrzak, et al., 2013). These findings suggest that serial
cognitive screening in the community may be an appropriate strat-
egy to detect persons with memory decline indicative of prodromal
AD to allow them to participate in research trials (Darby, Brodt-
mann, Woodward, et al., 2011).

However, such supervised testing is still labor-intensive and
disruptive to the routines of individuals who are required to attend
at a specified testing time and site. Fixed appointment scheduling
can also be at inopportune times during the day, peak traffic times,
and after unexpected life events compromising mood, motivation
or fatigue. Anxiety levels at initiation of such screening is also pre-
dictive of later decline (Pietrzak et al., 2012), suggesting complex
relationships between optimal testing circumstances and test per-
formance. Hence, it is possible that fixed scheduling and site test-
ing introduces further variability in test performance that may
obscure even more subtle changes in cognition.

The recent advent of an internet-based version of the CBB,
which is equivalent in presentation to prior supervised versions,
raises the prospect of home-based remote self-administered test-
ing (Cockayne et al., 2011). This might allow more flexible sched-
uling at a time the individual deems optimal, and in familiar
settings may provoke less anxiety and more reliable performance.
Although it might alleviate the requirement of trained supervisors
and site attendance, as well as provide the opportunity for even
higher frequency testing, these advantages may be outweighed
by increased attrition, failure to complete or perform valid tests,
or greater test-retest variability.

In this study, we aimed to evaluate the acceptability, validity,
and stability of remote self-administered computerized cognitive
testing using the CBB in older people who were part of our prior
supervised testing cohort (Fredrickson et al., 2010). We chose par-
ticipants who were experienced with the CBB, having already per-
formed it multiple times over the prior 12 months (Fredrickson
et al., 2010). The first aim was to determine whether experienced
participants in an unsupervised setting could complete a baseline
test that was satisfactory for future comparisons. This was deter-
mined by the proportion of participants who completed baseline
tests and satisfied previously described performance integrity cri-
teria (Fredrickson et al., 2010; Moriarity et al., 2012). The second

aim was to determine the acceptability of high frequency testing
over the minimum likely time required to detect declining mem-
ory. This was evaluated by the attrition rate over 6 and 12 months
of serial testing. The third aim was to determine the stability of
testing. To determine this, we compared performance between vis-
its and estimated the within-individual variation for each task
across the study period. Hence, we proposed that baseline, 3, 6
and 12 month acceptability and test-retest stability would be high
indicating that the tests were potentially useful serial screening
measures using remote self-administration in older people at risk
for neurodegenerative disease.

2. Materials and methods
2.1. Participants and recruitment

Participants were recruited from the previously described Mel-
bourne community screening study (Fredrickson et al., 2010), and
offered participation if they could provide a contact email address
and were willing to attempt monthly unsupervised testing using a
web-based version of the same battery for a year. Inclusion criteria
from the original study were: (1) age 50 years or over; (2) willing-
ness to nominate a current medical practitioner to be kept in-
formed of study participation and results; (3) willingness to be
informed of their results during the study and to accept the poten-
tial risk that participation in the study may demonstrate their cog-
nitive performance is impaired or declining, and (4) ability and
willingness to provide informed consent. The exclusion criteria
were based on self-report and included: (1) any known significant
cognitive impairment due to neurological or medical disease; (2)
any other condition that might make it difficult for them to com-
plete 12 months of testing; (3) uncorrectable impaired visual acu-
ity preventing discrimination of visual changes on a computer
screen; (4) physical handicap or condition preventing effective
use of a computer keyboard or mouse, and (5) unwillingness to un-
dergo testing using a computer. The study design was approved by
the institutional ethics committee of the University of Melbourne
and all participants gave written informed consent to participate.

2.2. Study design

This was a prospective community-based longitudinal, observa-
tional study (Darby, Brodtmann, Pietrzak, et al., 2011; Darby et al.,
2012; Fredrickson et al., 2010; Pietrzak et al., 2012). Each partici-
pant was given a unique study id and testing web site address.
No other measures were used to check the identity of each partic-
ipant each time they logged in. On the first day of each month, an
email was sent to all participants requesting they repeat the test.
For the first test, participants were encouraged to do a “Practice”
test to remind them of the task requirements. The practice test
was exactly the same as the full test. If they failed to complete a
monthly testing, they were encouraged to rejoin in subsequent
testing sessions. There were 13 requests for testing between
November 2010 and November 2011. Participants could individu-
ally contact the study coordinator via email with specific questions
(e.g. if they forgot their login information). Reasons for having
trouble with testing were reported directly to the study coordina-
tor who would follow-up by email or telephone. A single coordina-
tor managed the study including email notifications, responses and
phone calls. No feedback was given to participants unless re-
quested by a participant or their medical practitioner. If they did
request a report, it was generated automatically by the computer
system and compared the performance of the participant to nor-
mative data. If a participant expressed concern about their memory
or results to the study coordinator, they were offered initial
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