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Abstract.16

Background: There is a need for feasible, scalable assessments to detect cognitive impairment and decline. The Cogstate
Brief Battery (CBB) is validated for Alzheimer’s disease (AD) and in unsupervised and bring your own device contexts. The
CBB has shown usability for self-completion in the home but has not been employed in this way in a multisite clinical trial
in AD.
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Objective: The objective of the pilot was to evaluate feasibility of at-home, self-completion of the CBB in the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) over 24 months.
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Methods: The CBB was included as a pilot for cognitively normal (CN) and mild cognitive impairment (MCI) participants in
ADNI-2, invited to take the assessment in-clinic, then at at-home over a period of 24 months follow-up. Data were analyzed
to explore acceptability/usability, concordance of in-clinic and at-home assessment, and validity.
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Results: Data were collected for 104 participants (46 CN, 51 MCI, and 7 AD) who consented to provide CBB data. Subsequent
analyses were performed for the CN and MCI groups only. Test completion rates were 100% for both the first in-clinic
supervised and first at-home unsupervised assessments, with few repeat performances required. However, availability follow-
up data declined sharply over time. Good concordance was seen between in-clinic and at-home assessments, with non-
significant and small effect size differences (Cohen’s d between −0.04 and 0.28) and generally moderate correlations (r = 0.42
to 0.73). Known groups validity was also supported (11/16 comparisons with Cohen’s d ≥ 0.3).
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Conclusion: These data demonstrate the feasibility of use for the CBB for unsupervised at-home, testing, including MCI
groups. Optimal approaches to the application of assessments to support compliance over time remain to be determined.
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INTRODUCTION35

The worldwide prevalence of cognitive dysfunc-36

tion and dementia due to Alzheimer’s disease (AD)37

is increasing with aging populations. While the38

rapid development of amyloid and tau biomark-39

ers is improving identification of AD biology,40

there remains a need for feasible, scalable assess-41

ments (e.g., brief, low burden/complexity, self-42

administered, and low cost) that can both detect43

mild cognitive impairment (MCI) and dementia, as44

well as track cognitive decline throughout the AD45

continuum. The Cogstate Brief Battery (CBB) is a46

computerized cognitive test battery, validated across47

multiple clinical stages of AD and related dementias48

(noting that cognitive impairment may have many49

different causes) and adapted for use in both unsuper-50

vised and bring your own device (BYOD) assessment51

contexts [1–5]. The CBB assesses the domains of pro-52

cessing speed, attention, visual learning, and working53

memory and has acceptable stability and test-retest54

reliability with minimal practice effects at short test-55

retest intervals in groups of healthy controls and in56

patients at various stages of cognitive impairment57

and dementia [1, 3, 6]. Clinical research studies58

show that performance on the memory and working59

memory tests from CBB declines in both the preclin-60

ical and prodromal stages of AD and cross-sectional61

design studies show that substantial impairments on62

these same tests in individuals with clinically clas-63

sified MCI (Hedge’s g effect size = 2.2) and AD64

dementia (Hedge’s g effect size = 3.3), and high clas-65

sification accuracy (AUC = 0.91 for MCI and 0.9966

for AD) [2, 3]. Data from the Australian Imaging,67

Biomarker & Lifestyle Flagship Study of Ageing68

(AIBL) have shown decline over 72 months of follow-69

up on measures from the CBB, dependent on CDR70

Global score and amyloid status. These data indi-71

cate that in individuals with very mild dementia,72

who also have amyloid-� (A�)+biomarker confir-73

mation, changes were primarily evident in learning74

and working memory, and were associated with75

hippocampal volume loss [7]. Studies investigating76

AD relevant biomarker correlates of CBB outcome77

measures have been published, with the majority find-78

ing an association with amyloid status [8]. Modest79

associations with other biomarkers have also been80

seen including hippocampal volume (measured by81

magnetic resonance imaging), fluorodeoxyglucose-82

positron emission tomography (FDG-PET), and83

amyloid PET in the Mayo Clinic Study of Aging84

(MCSA), and A�42 and phosphorylated-tau (p-tau)85

ratio measured in cerebrospinal fluid in the Wisconsin 86

Registry for Alzheimer’s Prevention [8, 9]. 87

The CBB cognitive tests have also been shown 88

to have high acceptability and usability when used 89

by older adults in unsupervised or remote contexts, 90

such as on personal computers in their homes [4]. 91

Although as yet, there has not been detailed exami- 92

nation of the equivalence of performance on the CBB 93

between in-clinic and at home assessments in the 94

context of a multisite clinical trial. The Alzheimer’s 95

Disease Neuroimaging Initiative 2 (ADNI-2) study 96

is a continuation of the previous ADNI studies, with 97

the overall goal of validating biomarkers for AD clin- 98

ical trials. ADNI is an observational study, designed 99

to collect data relevant to the planning and con- 100

duct of AD clinical trials, and aims to inform the 101

neuroscience of AD, identify diagnostic and prog- 102

nostic markers, and outcome measures that can be 103

used in clinical trials, and to help develop effective 104

clinical trial scenarios. To explore the potential of 105

unsupervised, at-home cognitive testing, the CBB 106

was included as a pilot component of ADNI-2. The 107

first aim of this was to determine the feasibility and 108

acceptability of unsupervised, at-home CBB cogni- 109

tive testing in ADNI. The second aim was to explore 110

concordance between the in-clinic (baseline), super- 111

vised and the first follow-up at-home, unsupervised 112

assessment. The third aim was to explore CBB per- 113

formance in CN versus MCI populations. 114

MATERIALS AND METHODS 115

Participants 116

Data used in the preparation of this article were 117

obtained from the Alzheimer’s Disease Neuroimag- 118

ing Initiative (ADNI) database (http://adni.loni.usc. 119

edu). ADNI was launched in 2003 as a public-private 120

partnership, led by Principal Investigator Michael 121

W. Weiner, MD. All procedures were in accordance 122

with the ethical standards of the institutional and/or 123

national research committee and with the Declara- 124

tion of Helsinki or comparable ethical standards. The 125

study was approved by the institutional review boards 126

of all the participating institutions, and informed writ- 127

ten consent was obtained from all participants at each 128

site. ADNI-2 is a non-randomized natural history 129

non-treatment study with a planned sample size of 130

approximately 650 newly enrolled subjects, across 131

approximately 55 sites from the United States and 132

Canada. In the context of the pilot evaluation of the 133

CBB, a subset of 189 CN and MCI study participants 134

http://adni.loni.usc.edu
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at selected sites were offered the opportunity to com-135

plete the CBB both in-clinic and at-home as an136

“optional addendum study”, in addition to partici-137

pation in ADNI-2. This was a self-selecting sample138

with a subset of both ADNI sites and participants at139

those sites choosing to take up the offer of participa-140

tion. Participants were invited to take the CBB while141

supervised on a computer located at the clinic, dur-142

ing one of their regularly scheduled visits and were143

also instructed to log-in and take the CBB at-home,144

unsupervised and using any device (BYOD) within 2145

weeks and at 6 months, 12 months, 18 months, and 24146

months. Of the 189 ADNI-2 invited participants, 55%147

(104) consented to undertake the CBB assessments.148

Cognitive and clinical assessments149

The CBB was scheduled to be completed at an150

initial (baseline) in-clinic evaluation, where perfor-151

mance was supervised; and could additionally be152

completed at up to five unsupervised, at-home follow-153

up time-points of 1-14 days, 6 months, 12 months, 18154

months, and 24 months.155

For both in-clinic and at-home assessments, the156

CBB was completed via a web browser (Firefox,157

Internet Explorer, Google Chrome, or Safari), with158

participants directed to an ADNI website and re-159

quired to complete their cognitive testing in one160

sitting, on a desktop or laptop computer. Tests are161

downloaded, completed locally on the testing device,162

and then uploaded, to minimize any impact of inter-163

net connectivity. For the unsupervised version of164

the CBB, the tests remain exactly the same but165

the design and implementation of the instructions166

and delivery have been modified using a shaping167

approach to ensure individuals understand the context168

for decisions and response requirements prior to their169

beginning a test [5]. Participants were given instruc-170

tion in accessing the tests at-home and unsupervised171

but could also receive additional support from the172

sites or from friends and family members. Addition-173

ally, test supervisors were able to provide comments174

related to the CBB describing any issues and obser-175

vations, whether their own or raised by participants,176

to generate information that might be of relevance to177

supporting and improving the CBB assessments.178

The CBB has a game-like interface which uses179

playing card stimuli and requires participants to pro-180

vide “Yes” or “No” responses. It consists of four181

tests: Detection (DET), Identification (IDN), One182

Card Learning (OCL), and One-Back (ONB) [10].183

DET is a simple reaction time test that measures 184

psychomotor function. In this test, the participant is 185

required to press the ‘Yes’ key as quickly as possi- 186

ble when the central card turns face-up (constituting 187

1 trial). Correct responses following an anticipatory 188

response are ignored. The face-up card displayed is 189

always the same joker card. 190

IDN is a choice reaction time test that mea- 191

sures visual attention. This test is presented similarly 192

to DET, with instructions indicating the participant 193

should respond ‘Yes’ if the face-up card is red, or ‘No’ 194

if it is not red. The cards displayed are red or black 195

joker cards. Joker cards are used to ensure that playing 196

cards presented in the next test were not previously 197

seen in the same testing session. 198

OCL is a continuous visual learning test that 199

assesses visual recognition/pattern separation. This 200

test is similar in presentation to the IDN test, with 201

instructions indicating the participant should respond 202

‘Yes’ if the face-up card has appeared in the test 203

before, and ‘No’ if it has not yet appeared. Normal 204

playing cards of both colors and the four suits are 205

displayed (without joker cards). 206

ONB assesses working memory using the N- 207

back paradigm and is similar in presentation to the 208

OCL test, with instructions indicating the participant 209

should respond ‘Yes’ if the face-up card is exactly 210

the same as the card presented immediately prior, or 211

‘No’ if it is not the same. Normal playing cards are 212

again used. 213

For each test, the accuracy of performance was 214

defined by the number of correct responses made 215

(i.e., true positive and true negative), expressed as 216

a proportion of the total trials attempted. An arc- 217

sine transformation was then applied to normalize the 218

distribution. The speed of performance was defined 219

in terms of the average reaction time (RT; millisec- 220

onds) for correct responses. A base 10 logarithmic 221

transformation was then applied to normalize the dis- 222

tributions of mean RT. 223

A small subset of additional ADNI data for 224

the participants including age, Montreal Cogni- 225

tive Assessment (MoCA) total score, Alzheimer’s 226

Disease Assessment Scale – Cognitive Subscale 227

(ADAS-Cog) total score, and CDR (Clinical Demen- 228

tia Rating) Global score was also obtained. 229

Statistical analyses 230

Data analyses occurred in four stages. First, all data 231

collected were summarized by diagnosis at baseline 232

(CN, MCI, AD dementia) for each time-point. The 233
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AD dementia patients were removed from the subse-234

quent analyses, since the pilot study had not intended235

to recruit this group and the number recruited was236

very small for the purpose of evaluating feasibil-237

ity. Second, acceptability and usability of each CBB238

test was evaluated according to a human computer239

interface (HCI) approach [5]. HCI acceptability was240

operationalized as the amount and nature of missing241

test data within CBB attempts (i.e., ‘completion’).242

HCI usability was operationalized as the participants’243

ability to adhere to the requirements of each test (i.e.,244

‘performance’ or error). Provided a test was com-245

plete, the additional performance check was applied246

to ensure the test was understood in accordance with247

the test requirements (see Table 3 for completion and248

performance criteria). If a test did not meet either the249

completion or performance criteria, it was automati-250

cally re-administered at the end of the battery, up to251

a maximum of three times with the instruction “We252

would now like you to try some of the same tests253

again”. All tests could be abandoned at any point.254

Third, analyses were conducted to evaluate the level255

of concordance between the in-clinic, supervised and256

the first follow-up at-home, unsupervised assessment257

(1–14 days) using Cohen’s d effect size, and intraclass258

correlation coefficient (ICC). Fourth, known-groups259

validity for CN versus MCI, was assessed using inde-260

pendent samples t-tests and Cohen’s d effect size; and261

construct validity evaluated via correlation (Pearson’s262

r) with demographic and clinical characteristics. Per263

the ADNI procedures manual, many demographic,264

clinical, and biomarker parameters are available, and265

so a small but representative subset (age, MoCA total266

score, ADAS-Cog total score, and CDR Global score)267

were explored here. Eight outcome measures were268

derived from the CBB for the analyses of test perfor-269

mance data (Table 2). Prior studies have shown that270

speed (reaction time) has optimal metric properties271

for the DET, IDN, and ONB tests, and accuracy for272

OCL. However, accuracy for ONB is useful for some273

populations with cognitive impairment and where274

there are not prominent ceiling effects, including275

AD, and so this outcome measure was included.276

Furthermore, composite outcomes for psychomo-277

tor function/attention, learning/working memory, and278

processing speed were derived as averaged z-scores279

standardized using normative data.280

Effect size data were interpreted qualitatively281

as d < 0.2 ‘trivial’, d ≥ 0.2 to < 0.5 ‘small’, d ≥ 0.5282

to < 0.8 ‘medium’, and d ≥ 0.8 ‘large’. Correla-283

tions were interpreted qualitatively as r ≥ 0 to < 0.1284

‘negligible’, r ≥ 0.1 to < 0.4 ‘weak’, r ≥ 0.4 to < 0.7285

Table 1
Number of participants with CBB data at each assessment time-

point

All CN MCI AD

Offered Participation 189 . . .
Consented to Participate 104 . . .
In-clinic (baseline) 104 46 51 7
1–14 days (at-home) 80 37 40 3
6 months (at-home) 37 20 16 1
12 months (at-home) 13 9 4 0
18 months (at-home) 5 5 0 0
24 months (at-home) 1 1 0 0

‘moderate’, r ≥ 0.7 to < 0.9 ‘strong’, and r ≥ 0.9 to = 1 286

‘very strong’. 287

RESULTS 288

Participants 289

Data were collected for 104 participants at the ini- 290

tial in-clinic (baseline) assessment (49.0% Female; 291

mean age 75.9 years (SD 7.53), range 59–97) 292

(Table 3). Of these, there were 46 CN participants, 293

51 MCI, and 7 AD. At follow-up 1 (1–14 days), 294

data were available for 77 CN and MCI participants 295

(79.4%), dropping to 37.1% at 6 months, 13.4% at 12 296

months, 5.2% at 18 months, and < 1% at 24 months 297

(Table 1). The average time required to complete the 298

CBB was 17.2 minutes (SD 3.90) at the in-clinic 299

(baseline) assessment and 15.9 min (SD 4.32) for the 300

first at-home follow-up. 301

Test usability and acceptability 302

Completion and performance pass rates were high, 303

with 100% pass rates for all CN and MCI participants. 304

The rates of repeat test performance triggered by 305

completion or performance check failures were low, 306

with only OCL having a second assessment in the 307

CN participants (2.3% supervised and 2.7% unsuper- 308

vised). For the MCI participants, more repeats were 309

required, with a range of 0% (DET supervised) to 310

8.0% (OCL supervised) requiring a second attempt, 311

and only OCL supervised (2%) requiring a third 312

attempt (Table 4). 313

Concordance between in-clinic and at-home 314

assessments 315

The range of effect size differences between the 316

in-clinic baseline and first at-home follow-up assess- 317

ments for the CN and MCI groups was –0.04 to 0.28 318



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

C.J. Edgar et al. / Pilot of at-Home Cogstate Brief Battery in ADNI-2 5
Ta

bl
e

2
C

og
st

at
e

B
ri

ef
B

at
te

ry
te

st
s

an
d

ou
tc

om
e

m
ea

su
re

s

Te
st

A
bb

re
vi

at
io

n
D

om
ai

n
Pa

ra
di

gm
C

om
pl

et
io

n
cr

ite
ri

on
Pe

rf
or

m
an

ce
cr

ite
ri

on
O

ut
co

m
e

m
ea

su
re

s
R

an
ge

D
et

ec
tio

n
D

E
T

sp
ee

d
Ps

yc
ho

m
ot

or
fu

nc
tio

n
Si

m
pl

e
re

ac
tio

n
tim

e
≥

10
0%

of
tr

ia
l

re
sp

on
se

s
≥

70
%

ac
cu

ra
cy

re
ac

tio
n

tim
e

in
m

s
(s

pe
ed

),
no

rm
al

iz
ed

by
lo

g1
0

tr
an

sf
or

m
at

io
n

0
to

3.
69

∗

Id
en

tifi
ca

tio
n

ID
N

sp
ee

d
A

tte
nt

io
n

C
ho

ic
e

re
ac

tio
n

tim
e

≥
10

0%
of

tr
ia

l
re

sp
on

se
s

≥
70

%
ac

cu
ra

cy
re

ac
tio

n
tim

e
in

m
s

(s
pe

ed
),

no
rm

al
iz

ed
by

lo
g1

0
tr

an
sf

or
m

at
io

n
0

to
3.

69
∗

O
ne

C
ar

d
L

ea
rn

in
g

O
C

L
ac

cu
ra

cy
V

is
ua

ll
ea

rn
in

g
Pa

tte
rn

se
pa

ra
tio

n
≥

10
0%

of
tr

ia
l

re
sp

on
se

s
≥

40
%

ac
cu

ra
cy

pr
op

or
tio

n
of

co
rr

ec
ta

ns
w

er
s

(a
cc

ur
ac

y)
,

no
rm

al
iz

ed
by

ar
cs

in
e

sq
ua

re
-r

oo
t

tr
an

sf
or

m
at

io
n

0–
1.

57

O
ne

B
ac

k
O

N
B

sp
ee

d
W

or
ki

ng
m

em
or

y
N

-b
ac

k
≥

10
0%

of
tr

ia
l

re
sp

on
se

s
≥

50
%

ac
cu

ra
cy

re
ac

tio
n

tim
e

in
m

s
(s

pe
ed

),
no

rm
al

iz
ed

by
lo

g1
0

tr
an

sf
or

m
at

io
n

0
to

3.
69

∗

O
N

B
ac

cu
ra

cy
pr

op
or

tio
n

of
co

rr
ec

ta
ns

w
er

s
(a

cc
ur

ac
y)

,
no

rm
al

iz
ed

by
ar

cs
in

e
sq

ua
re

-r
oo

t
tr

an
sf

or
m

at
io

n

0–
1.

57

Ps
yc

ho
m

ot
or

fu
nc

tio
n

an
d

at
te

nt
io

n
D

E
T

/I
D

N
sp

ee
d

C
om

po
si

te
C

om
po

si
te

2/
2

te
st

in
st

an
ce

s
av

ai
la

bl
e

2/
2

te
st

in
st

an
ce

s
av

ai
la

bl
e

av
er

ag
e

of
z-

sc
or

es
fo

r
D

E
T

an
d

ID
N

sp
ee

d
–5

to
5

L
ea

rn
in

g
an

d
w

or
ki

ng
m

em
or

y
LW

M
ac

cu
ra

cy
C

om
po

si
te

C
om

po
si

te
2/

2
te

st
in

st
an

ce
s

av
ai

la
bl

e
2/

2
te

st
in

st
an

ce
s

av
ai

la
bl

e
av

er
ag

e
of

z-
sc

or
es

fo
r

O
C

L
an

d
O

N
B

ac
cu

ra
cy

–5
to

5

L
ea

rn
in

g
an

d
w

or
ki

ng
m

em
or

y
pr

oc
es

si
ng

sp
ee

d
O

C
L

/O
N

B
sp

ee
d

C
om

po
si

te
C

om
po

si
te

2/
2

te
st

in
st

an
ce

s
av

ai
la

bl
e

2/
2

te
st

in
st

an
ce

s
av

ai
la

bl
e

av
er

ag
e

of
z-

sc
or

es
fo

r
O

C
L

ac
cu

ra
cy

an
d

O
N

B
sp

ee
d

–5
to

5

∗ R
ea

ct
io

n
tim

es
lo

ng
er

th
an

5
s

(i
.e

.,
lo

g1
0

[5
00

0]
)

ar
e

ex
cl

ud
ed

as
re

fle
ct

in
g

re
sp

on
se

s
th

at
ar

e
ab

no
rm

al
ly

sl
ow

.

and there was substantial overlap of 95% CIs in all 319

cases (Table 4). The largest of these differences (0.28) 320

reflected slower performance for the processing 321

speed and attention z-score composite (DET/IDN) 322

for the at-home follow-up assessment versus in- 323

clinic, in the MCI participants only (Table 5). A 324

moderate (r = 0.42 to 0.73) and statistically signif- 325

icant (p < 0.001) association was evident between 326

the in-clinic baseline and at-home follow-up for all 327

outcome measures, with the exception of ONB accu- 328

racy (r = 0.22; p = 0.003) where a restricted range and 329

high proportion of instances of performance near 330

to or at ceiling were evident in the data (Fig. 1E). 331

The strongest association (r = 0.73; p < 0.001) was 332

observed for DET speed (Fig. 1A). 333

Known groups validity 334

At both the in-clinic baseline and first at-home 335

follow-up assessments, test performance was poorer 336

for all test outcome measures for the MCI versus the 337

CN group, with the exception of the in-clinic assess- 338

ment for the DET/IDN speed composite, where the 339

groups were not different (p = 0.997, ES = –0.001). 340

Across the outcome measures 6/16 differences were 341

statistically significant (p ≤ 0.05) and 11/16 showed 342

relevant effect size of impairment (Cohen’s d ≥ 0.3), 343

with a range of –0.3 (DET at-home) to 0.71 344

(OCL/ONB speed in-clinic). Consistent with this, 345

the three z-score composites derived using norma- 346

tive data showed expected effect size impairment for 347

the MCI group versus age matched norms in the 348

range 0.33 to 0.44 at the in-clinic baseline. Cor- 349

respondingly, there was no impairment in the CN 350

group (Cohen’s d ≤ 0.1) for OCL/ONB speed and 351

the Learning and working memory accuracy compos- 352

ite (LWM accuracy). However, the DET/IDN speed 353

composite showed some evidence for impairment in 354

the CN group, which was comparable to the MCI 355

group at the in-clinic baseline, as noted (Table 5). 356

Construct validity evaluated in the pooled CN and 357

MCI data via correlation with age, ADAS-Cog total 358

score, MOCA total scores, and CDR Global score 359

at the in-clinic baseline, was evident for several of 360

the CBB outcome measures (Table 6). For all out- 361

come measures the association with age was in the 362

direction of poorer performance with increasing age. 363

This relationship with age was statistically signifi- 364

cant for 7/8 CBB outcome measures (p ≤ 0.32) with a 365

range of r = 0.21 to r = 0.34. For the relationship with 366

ADAS-Cog and MoCA there were only four associ- 367

ations where r was ≥ 0.4 and supportive of construct 368
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Table 3
Demographic and clinical characteristics

Cognitively Mild cognitive Alzheimer’s disease
normal (CN) impairment (MCI) dementia (AD)

N 46 51 7
Sex

Female, N (%) 27 (58.7%) 22 (43.1%) 2 (28.6%)
Male, N (%) 19 (41.3%) 29 (56.9%) 5 (71.4%)

Age, mean (SD) 75.65 (6.65) 75.98 (8.43) 76.29 (7.02)
MMSE, mean (SD) 28.87 (1.22) 27.67 (2.04) 24.43 (2.70)
CDR Global, mean (SD) 0.06 (0.16) 0.39 (0.23) 0.71 (0.27)
GDS, mean (SD) 1.11 (1.27) 2.45 (2.53) 1.86 (1.35)
FAQ, mean (SD) 0.27 (1.64) 2.34 (3.19) 13.29 (6.45)
MoCA Total, mean (SD) 25.80 (2.98) 23.53 (3.18) 17.71 (5.09)
ADAS-Cog, mean (SD) 4.96 (2.91) 8.69 (4.04) 18.57 (7.64)

Initial supervised, in-clinic assessment (baseline). MMSE, Mini-Mental Status Exam; CDR,
Clinical Dementia Rating; FAQ, Functional Activities Questionnaire; MoCA, Montreal
Cognitive Assessment; ADAS-Cog, Alzheimer’s Disease Assessment Scale – Cognitive
Subscale; GDS, Geriatric Depression Scale.

Table 4
Completion rates and number of test attempts for initial in-clinic and first at-home assessments

Test Setting Completion Performance Check Number of Attempts to Fulfill Criteria
Pass Rate Pass Rate

1 2 3
CN MCI CN MCI CN MCI CN MCI CN MCI

DET In-clinic 46 (100%) 51 (100%) 46 (100%) 51 (100%) 46 (100%) 51 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
At-home 36 (100%) 40 (100%) 36 (100%) 40 (100%) 36 (100%) 37 (92.5%) 0 (0%) 3 (7.5%) 0 (0%) 0 (0%)

IDN In-clinic 46 (100%) 51 (100%) 46 (100%) 51 (100%) 46 (100%) 49 (96.1%) 0 (0%) 2 (3.9%) 0 (0%) 0 (0%)
At-home 37 (100%) 40 (100%) 37 (100%) 40 (100%) 37 (100%) 39 (97.5%) 0 (0%) 1 (2.5%) 0 (0%) 0 (0%)

OCL In-clinic 46 (100%) 51 (100%) 46 (100%) 51 (100%) 45 (97.7%) 44 (90.0%) 1 (2.3%) 4 (8.0%) 0 (0%) 1 (2.0%)
At-home 36 (100%) 40 (100%) 36 (100%) 40 (100%) 35 (97.3%) 37 (92.5%) 1 (2.7%) 3 (7.5%) 0 (0%) 0 (0%)

ONB In-clinic 46 (100%) 51 (100%) 46 (100%) 51 (100%) 46 (100%) 49 (96.0%) 0 (0%) 2 (4.0%) 0 (0%) 0 (0%)
At-home 36 (100%) 40 (100%) 36 (100%) 40 (100%) 36 (100%) 39 (97.5%) 0 (0%) 1 (2.5%) 0 (0%) 0 (0%)

Data for AD dementia patients was removed (N = 7).

Table 5
In-clinic and at-home assessment and between group differences

Outcome Group N In-clinic (baseline) At-home (1–14 days) In-clinic CN versus CN versus
versus MCI MCI

At-home (In-clinic) (At-home)
Cohen’s d p, Cohen’s d p, Cohen’s dMean (SD) 95%CI Mean (SD) 95%CI

DET speed CN 36 2.61 (0.14) 2.57, 2.66 2.62 (0.11) 2.58, 2.65 d = –0.04 p = 0.75, p = 0.19,
MCI 40 2.62 (0.12) 2.59, 2.66 2.65 (0.15) 2.61, 2.7 d = –0.27 d = –0.08 d = –0.30

IDN speed CN 37 2.77 (0.10) 2.74, 2.8 2.75 (0.07) 2.73, 2.78 d = 0.24 p = 0.71, p = 0.028,
MCI 40 2.78 (0.07) 2.76, 2.8 2.79 (0.07) 2.77, 2.81 d = –0.17 d = –0.09 d = –0.51

OCL accuracy CN 36 0.96 (0.11) 0.93, 1 0.97 (0.11) 0.93, 1 d = –0.07 p = 0.020, p = 0.079,
MCI 40 0.90 (0.11) 0.87, 0.94 0.92 (0.10) 0.89, 0.95 d = –0.14 d = 0.55 d = 0.41

ONB speed CN 36 2.95 (0.08) 2.92, 2.98 2.94 (0.09) 2.91, 2.97 d = 0.08 p = 0.012 p = 0.028,
MCI 40 3.00 (0.10) 2.97, 3.03 2.99 (0.09) 2.96, 3.01 d = 0.21 d = –0.60 d = –0.51

ONB accuracy CN 36 1.33 (0.18) 1.27, 1.39 1.35 (0.13) 1.3, 1.39 d = –0.09 p = 0.34 p = 0.34,
MCI 40 1.29 (0.18) 1.23, 1.35 1.31 (0.17) 1.26, 1.37 d = –0.11 d = 0.22 d = 0.22

DET/IDN speed CN 37 –0.38 (1.23) –0.78, 0.02 –0.21 (0.89) –0.5, 0.07 d = –0.18 p = 0.997, p = 0.086,
MCI 40 –0.38 (0.88) –0.65, –0.11 –0.58 (0.95) –0.87, –0.29 d = 0.28 d = –0.001 d = 0.40

OCL/ONB speed CN 36 0.03 (0.64) –0.18, 0.24 0.08 (0.66) –0.14, 0.3 d = –0.11 p = 0.003, p = 0.008,
MCI 40 –0.44 (0.68) –0.65, –0.23 –0.30 (0.55) –0.47, –0.13 d = –0.22 d = 0.71 d = 0.62

LWM accuracy CN 36 0.02 (0.82) –0.25, 0.28 0.10 (0.59) –0.09, 0.29 d = –0.11 p = 0.061, p = 0.11,
MCI 40 –0.33 (0.78) –0.57, –0.09 –0.19 (0.84) –0.45, 0.07 d = –0.15 d = 0.44 d = 0.37

N reflects available data at first, at-home, unsupervised assessment; Data for AD dementia patients was removed (N = 3 completed an at-home
assessment 1–14 days post the in-clinic baseline); p-values from independent samples t-tests; In-clinic data is for the baseline and at-home
data is for the first follow-up, 1–14 days later.
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Fig. 1. Scatterplots for reliability between in-clinic and at-home (FU1) assessments. A) DET speed. B) IDN speed. C) OCL accuracy. D)
ONB speed. E) ONB accuracy. F) DET/IDN speed. G) LWM accuracy. H) OCL/ONB speed.
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Table 6
Construct validity

Outcome Age ADAS-Cog Total Score MOCA Total Score CDR Global Score

DET speed r = 0.20, p = 0.06 r = 0.21, p = 0.043 r = –0.33, p = 0.001 r = 0.03, p = 0.78
IDN speed r = 0.25, p = 0.014 r = 0.26, p = 0.010 r = –0.34, p = 0.001 r = –0.05, p = 0.62
OCL accuracy r = –0.27, p = 0.009 r = –0.50, p < 0.001 r = 0.55, p < 0.001 r = –0.35, p = 0.001
ONB speed r = 0.31, p = 0.002 r = 0.23, p = 0.030 r = –0.27, p = 0.009 r = 0.10, p = 0.33
ONB speed r = –0.31, p = 0.002 r = –0.18, p = 0.09 r = 0.28, p = 0.007 r = 0.06, p = 0.59
DET/IDN speed r = –0.12, p = 0.26 r = –0.24, p = 0.017 r = 0.34, p = 0.001 r = 0.01, p = 0.89
OCL/ONB speed r = –0.22, p = 0.041 r = –0.45, p < 0.001 r = 0.48, p < 0.001 r = –0.31, p = 0.002
LWM accuracy r = –0.26, p = 0.013 r = –0.38, p < 0.001 r = 0.47, p < 0.001 r = –0.16, p = 0.13

Bolded values are Pearson’s r ≥ 0.4. MMSE, Mini-Mental Status Exam; CDR, Clinical Dementia Rating; FAQ, Functional Activities
Questionnaire; MoCA, Montreal Cognitive Assessment; ADAS-Cog, Alzheimer’s Disease Assessment Scale – Cognitive Subscale; GDS,
Geriatric Depression Scale; LWM, Learning and Working Memory.

validity: 1) OCL arcsine accuracy with ADAS-369

Cog (r = –0.49, p < 0.001); 2) OCL arcsine accuracy370

with MoCA (r = 0.52, p < 0.001); 3) OCL/ONB z-371

score composite speed with ADAS-Cog (r = –0.44,372

p < 0.001); and 4) OCL/ONB z-score composite reac-373

tion time speed with MoCA (r = 0.48, p < 0.001). No374

correlation ≥ 0.4 was observed between the CDR and375

CBB, with the strongest correlation being for OCL376

arcsine accuracy (r = –0.35, p = 0.001).377

DISCUSSION378

The results of this study indicate that the four379

tests from the CBB have high acceptability and380

usability when administered to CN and MCI older381

adults in both an in-clinic, supervised settings and an382

unsupervised at home setting. Test completion and383

performance criteria were met for 100% of the ini-384

tial in-clinic baseline and first at-home follow-ups.385

Repeated attempts at the individual tests exceeded 5%386

in only three cases, which were all seen for the MCI387

group, suggesting that the ability to have a further388

test attempt is of clear value in generating additional,389

valid performance data. Prior studies have supported390

the feasibility of at-home assessment in older adults391

using the CBB tests, suggesting a large majority of392

individuals will successfully complete at least one393

assessment, though with increasingly lower numbers394

completing multiple or longer-term follow-up assess-395

ments [4, 11].396

Despite the high acceptability associated with test397

attempts, there was a large drop out from the prospec-398

tive part of the study over the 2 years, with the number399

of ADNI participants completing the CBB declin-400

ing sharply over the assessment period, falling from401

around 80% at 1–14 days, to around 13% at one402

year. The rapid loss of participants from online lon-403

gitudinal prospective studies is a common feature404

of studies depending solely on remote assessment 405

of clinical or cognitive symptoms (e.g., mPower 406

study in Parkinson’s disease) [12] and a previous 407

remote, unsupervised study of CBB test completion 408

found 95% of older adults successfully completed a 409

valid baseline assessment, 67% 3 month, and 43% 410

12 month follow-ups [4]. This may be contrasted 411

with supervised use in clinical trials over short-term 412

follow-up, where no systematic issues with miss- 413

ing data have been observed, even in AD dementia 414

[13–15] and successful data collection in longer- 415

term registries, e.g., AIBL and MCSA, with the latter 416

including unsupervised at-home assessment [7, 16]. 417

This suggests that if remote assessments are to be 418

used successfully to understand clinical disease pro- 419

gression, strategies will have to be implemented to 420

encourage and support both sites and participants to 421

remain engaged and compliant in the studies. As this 422

study was a pilot, assessments with the CBB were 423

not part of the main study protocol, therefore no for- 424

mal reminders or participant follow-up was given. 425

This absence may have reduced perceptions of the 426

value of the remote cognitive tests. The tests them- 427

selves, as with other clinical assessments may not 428

hold value as entertaining or engaging, they do not 429

provide health information in the form of feedback to 430

participants, or other benefit such as brain training, 431

and were not mandated. Therefore, clear instructions 432

for site staff, engagement of sites and patients in the 433

value and importance of data, and ongoing support, 434

engagement and reminders would all be important 435

features of future studies utilizing at-home, unsuper- 436

vised assessment. 437

The level of concordance between the in-clinic 438

(baseline) at first at-home assessment was high. 439

Across the outcome measures the largest effect size 440

difference was 0.28 and 11/16 comparisons had an 441

effect size difference < 0.2, suggesting differences 442
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were generally trivial to small. Additionally, there443

was substantial overlap in estimates of variability.444

The two assessment time-points were correlated in445

the range of r = 0.42 to 0.73, except for ONB accuracy446

(r = 0.22), which was most likely due to the presence447

of an expected range restriction and ceiling effect in448

the sample for this outcome measure. It should be449

noted that the study was not designed or intended as450

an equivalence study and did not counterbalance the451

order of assessment of at-home and in-clinic and so452

it is possible that there were sequential effects on test453

performance such as familiarization. For this reason,454

the inclusion of pre-baseline ‘practice’ assessments455

for cognitive tests is a common recommendation for456

studies with sequential assessment [17, 18]. Addi-457

tionally, the in-clinic assessment was supervised,458

whilst the at-home assessment was not, perhaps intro-459

ducing factors such as a ‘white-coat’ effect. Despite460

this, established criteria for equivalence (ICC ≥ 0.7461

and mean difference Cohen’s d < 0.2) [19] were met462

in some cases. Two previous published studies using463

the CBB tests have suggested that there is not a464

strong effect of unsupervised assessment or test envi-465

ronment [5, 20]. Analyzing data from the MCSA,466

Stricker et al. concluded that the location where the467

CBB was completed (in-clinic or at-home) had an468

important impact on performance. However, this was469

a self-selecting sample where participants chose their470

preferred setting, so an element of bias beyond the471

controlled for differences in age, education, num-472

ber of sessions completed, and duration of follow-up,473

cannot be discounted [16]. Additional studies specif-474

ically designed to assess equivalence are needed to475

fully resolve these questions as well as the influence476

of setting (in-clinic versus at-home) and supervi-477

sion (supervised versus unsupervised), since remote478

supervised assessment could be proctored using tele-479

phone or video call. Importantly, equivalence may480

not always be relevant, since many studies will be481

designed to avoid the potential for noise or confound-482

ing that could be introduced by changing elements483

such as setting or supervision by keeping this484

fixed.485

Individuals with MCI consistently performed more486

poorly on the CBB outcome measures than CN par-487

ticipants, with the largest (> 0.5) and most consistent488

effect size differences observed for the OCL accu-489

racy, ONB speed, and the OCL/ONB speed and LWM490

accuracy composites. These effect sizes are smaller491

than the usual criteria defining MCI and also what492

has been seen previously for the CBB [2, 21]. Further493

work is required to explore the extent to which such494

findings may reflect characteristics of the ADNI-2 495

CBB sample from this pilot study. 496

Evidence for construct validity against ADAS- 497

Cog and MoCA was seen for OCL accuracy and 498

OCL/ONB speed, which may reflect the relatively 499

greater focus of these two clinical tests on aspects 500

of memory, but the lesser contribution of psychomo- 501

tor speed, attention, and working memory. Notable 502

correlations with the CDR Global score were not 503

observed though. Prior data has shown that in MCI 504

and AD dementia patients, a stronger relationship 505

was observed between the CDR sum of boxes and 506

LWM accuracy (r = 0.76) than for DET/IDN speed 507

(r = 0.58) [2]. 508

From the additional qualitative feedback obtained 509

from test supervisors and participants, two issues had 510

somewhat greater prominence, which were difficulty 511

accessing the website (reported on 10 occasions by 512

test supervisors and three occasions by participants) 513

and difficulty remembering the D and K buttons on 514

their own computers as “No” and “Yes” respectively 515

(reported on five occasions by test supervisors and 516

two occasions by participants). Other issues were 517

infrequent (≤4 instances in total). Website access, 518

perhaps driven by specific browser requirements is 519

an important barrier to entry for web-based studies, 520

and the ability to check for browser and/or sup- 521

port study participants, e.g., with browser updates 522

should be considered during trial planning. Difficulty 523

remembering key positioning might reflect cognitive 524

impairment leading to poorer test outcomes and given 525

the high levels of complete and appropriate perfor- 526

mance, may not require any specific action. 527

There are several important limitations of the 528

present study, especially given the pilot nature. These 529

include the self-selected sample of participants, the 530

post-hoc nature of some of the analyses, the relatively 531

small sample size (especially for assessments at 6 532

months or later after baseline), and the design, which 533

did not attempt to counterbalance the in-clinic and at- 534

home assessment. Additionally, more data regarding 535

both those participants who did not consent to par- 536

ticipate in the CBB assessment, and those dropping 537

out from the pilot as well as a more comprehensive 538

approach to collecting participant experience data, 539

would have been informative. This could include 540

some ability to remotely supervise assessments to 541

gain further insight into conduct of the assessments. 542

The CBB may have advantages versus traditional 543

neuropsychological assessment tools, including its 544

relative brevity and the ability for remote, unsuper- 545

vised assessment in very large and geographically 546
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dispersed populations; however, in contrast to more547

detailed evaluations, the CBB does not assess some548

cognitive domains and test paradigms that may be549

of particular value to clinical research and clinical550

trials in AD, for example, visuo-perceptive, or visuo-551

constructional abilities and verbal memory. These552

potential limitations of the CBB must be weighed553

against more traditional tests such as auditory verbal554

learning, which may require > 30 min with a delayed555

recall/recognition component, as well as a trained and556

qualified expert to administer and score the assess-557

ment.558

Important future directions include consideration559

of enhancements to the assessments that may fur-560

ther support test completion including ease of access561

and understanding of test requirements. Perhaps most562

importantly though, measures to support and increase563

compliance for longer-term follow-up are needed.564

This could include a system of alerts and reminders565

operating within or external to the CBB itself, as well566

as exploration of techniques specifically focused on567

issues of compliance, and retention as they relate to568

remote, unsupervised cognitive assessment.569

In conclusion, these pilot data are supportive of570

the feasibility of the CBB in both CN and MCI indi-571

viduals at initial in-clinic (baseline), supervised, and572

at-home (1–14 days follow-up), unsupervised con-573

texts. These initial assessment data also give support574

to maintained validity and reliability in these two con-575

texts. The CBB is currently part of the ADNI-3 study,576

which will further confirm validity and reliability in577

a larger sample and provide additional opportunities578

to evaluate sensitivity to disease progression, asso-579

ciation with biomarker data, and predictive validity.580

The ability to conduct these assessments at-home581

and unsupervised, provides opportunities for addi-582

tional data collection, that may provide new clinical583

insights, whilst also lowering patient and site bur-584

den. Optimal approaches to supporting the delivery585

and conduct of such assessments for longer-term586

follow-up, including the relative importance of set-587

ting, supervision, and other factors, remains to be588

determined.589
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