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Abstract

Sensitive cognitive assessments accurately detect and track
cognitive decline in Alzheimer’s disease. The Cogstate battery
was used to measure cognitive change in cognitively normal
participants and in individuals with mild cognitive impairment
and mild Alzheimer’s disease enrolled in the Australian
Imaging, Biomarker and Lifestyle Rate of Change Substudy.
Over 18 months, verbal episodic memory performance declined
for mild cognitive impairment and mild Alzeheimer’s disease
groups when compared to cognitively normal participants.
Frequent assessments of episodic memory may facilitate early
detection of cognitive decline due to Alzheimer’s disease.

Key words: Alzheimer’s disease, mild cognitive impairment, Cogstate
Brief Battery, International Shopping List Test, cognitive decline.

Introduction

disease (AD) (i.e., accumulation of cerebral
amyloid-p [AB] and tau), are evident up to 20
years before dementia is classified clinically (1, 2). These
changes often remain clinically silent for many years,
although recently, by measuring at-risk individuals
repeatedly, subtle but measurable decline in cognition—
particularly in episodic and working memory—can
be detected in older adults who have abnormal levels
of AB (Ap+) but are clinically normal (3, 4). Similarly,
in individuals with mild cognitive impairment (MCI),
AP+ is associated with cognitive decline over 3 years,
whilst AB- individuals with MCI show impaired but
stable cognition over the same period (5, 6). Cognitive
decline may thus serve as one of the earliest detectable
manifestations of an underlying AD pathophysiology.
Additionally, detection of cognitive dysfunction may be
more sensitive when based on the repeated assessment
over time than on the basis of a single assessment (7, 8).
One challenge in the detection of cognitive decline in
the earliest stages of AD is that neuropsychological tests
of memory and working memory have not been designed
to be applied repeatedly, especially over relatively short
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re-test intervals (e.g., months) (9, 10). Additionally, for
those that are, the number of parallel forms is often
limited. The repeated application of such tests can lead
to substantial improvements in performance (i.e., practice
effects), even in individuals with memory impairment
severe enough to warrant classification as MCI or
dementia (11, 12).

The Cogstate Brief Battery (CBB) and the International
Shopping List Test (ISLT) were developed and validated
specifically with the intent of repeated application over
very short re-test intervals (e.g., hours, days) in both
cognitively normal (CN) older adults and in adults
with dementia (5, 13). The visual learning and working
memory tests from the Cogstate battery as well as the
ISLT have been shown to be sensitive to cognitive decline
in both preclinical (Ap+ CN) and prodromal (Ap+ MCI)
AD, albeit with long retest intervals (e.g., 18 months)
over study periods of five to seven years (14, 15). This
general sensitivity to cognitive decline in AB+ individuals
raises the possibility that more frequent re-testing (e.g.,
at three month intervals or less) could allow detection of
AD-related cognitive decline in prodromal and clinical
AD over short time periods (e.g., months) even in small
samples (e.g., <50). The Australian Imaging, Biomarkers
and Lifestyle (AIBL)-Rate of Change Sub-Study (i.e.,
AIBL-ROCS) was designed to test this hypothesis in AR+
MCI and mild AD groups relative to A3- CN older adults.

Methods

Participants

Analyses were conducted on longitudinal data
collected from the AIBL-ROCS cohort. Detailed inclusion
and exclusion criteria for AIBL-ROCS have been
described previously (16). Briefly, participants aged 60-96
were recruited, with a consensus classification by the
AIBL clinical panel as either CN, or having amnestic
MCI or AD dementia, according to Winblad 2004
guidelines and NINCDS-ADRDA criteria respectively
(17). Inclusion in AIBL-ROCS was contingent upon the
ability to perform computerized cognitive tasks, and
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Table 1. Baseline Demographic and Clinical Characteristics

AB-
CN
(n=67)

Age, years, mean (SD) 72.17 (5.72)
APOE ¢4 carrier, n (%) 11 (16.4)
Sex, female, n (%) 41 (61.2)
Premorbid IQ, mean score (SD) 108.62 (6.49)
PiB PET SUVR, mean score (SD) 1.28 (0.15)
MMSE, mean score (SD) 29.29 (0.89)
CDR, mean score (SD) 0.01 (0.08)*
CDR-SB, mean score (SD) 0.04 (0.17)
CVLT-II Total, mean score (SD) 52.13 (8.97)
CVLT-II Delayed, mean score (SD) 12.17 (2.79)
Stroop Colors/Dots Ratio (SD) 2.22 (0.60)
HADS-D, mean score (SD) 2.68 (2.51)
HADS-A, mean score (SD) 4.19 (2.90)

Ap+ Ap+
MCI AD Dementia
(n=16) (n=15)
81.47 (6.12) 76.67 (6.00)
10 (62.5) 11 (73.3)
10 (62.5) 8(53.3)
109.00 (6.31) 106.27 (7.39)
2.10 (0.40) 2.40 (0.47)
26.41 (2.06) 24.73 (3.39)
0.50 (0.00) 0.60 (0.21)
1.21 (0.73) 2.80 (1.57)
33.38(10.34) 26.53 (8.44)
4.56 (3.98) 1.67 (2.02)
2.75 (0.70) 3.56 (1.40)
3.50 (2.71) 3.33 (2.09)
4.00 (2.07) 5.13 (3.16)

* A participant with CDR score of 0.5 was classified as cognitively normal if they 1) did not meet the Winblad criteria or Petersen criteria for MCI and 2) performed
within age- and education-based limits in neuropsychological testing. CDR ratings were informed by neuropsychological testing and not rated independently; APOE,
apolipoprotein E; CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating Scale-Sum of Boxes; CVLT-II, California Verbal Learning Test, second edition;
HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale; MMSE, Mini-Mental State
Examination; PET, positron emission tomography; PiB, Pittsburgh compound B; SD, standard deviation; SUVR, standardized uptake value ratio.

a willingness to undergo more frequent visits to allow
for high-frequency serial cognitive assessments. All
patients with AD dementia were receiving treatment with
acetylcholinesterase medications and/or memantine.
The AIBL study was approved by the institutional ethics
committees of Austin Health (Victoria), St. Vincent’s
Hospital (Victoria), Hollywood Private Hospital (Western
Australia), and Edith Cowan University (Western
Australia). All CN and MCI participants provided written
informed consent before participation. Written informed
consent was obtained from the carers of all participants
with AD dementia.

Study Design, Measures, and Procedures

AP+ was defined as a positron emission tomography
(PET) standardized uptake value ratio (SUVR) >1.5
using Pittsburgh compound B (PiB). Following a practice
session, cognitive assessment with the computerized
CBB was conducted at baseline and at 3, 6, 9, 12, 15,
and 18-month follow-up (16). A trained assessor was
assigned to conduct repeated assessments and organize
home visits with each participant. Study visit times were
held constant by raters, with up to one-week variation in
follow-up assessments. This analysis focused on 6 tests
from the CBB, all of which have been described in detail
previously (16, 18). Briefly, the Detection (DET) test was
a measure of simple reaction time, the Identification
(IDN) test was a measure of visual attention via choice
reaction time, the One Card Learning (OCL) test was

a measure of visual learning and memory set within a
pattern separation framework, the One-Back (OBK) test
was a measure of working memory, and the ISLT was
a verbal list learning test of episodic memory, with two
outcomes (i.e., total words recalled over (a) three learning
trials, and (b) 30-minute delayed recall). Participants
also completed the AIBL clinical and neuropsychological
assessment battery, which included the Mini-Mental
State Examination (MMSE), the Clinical Dementia Rating
(CDR) scale, the California Verbal Learning Test, second
edition (CVLT-1I), the Stroop test, and the Hospital
Anxiety and Depression Scale. The AIBL battery was
administered at 18-month intervals.

Statistical Analyses

All analyses were conducted in R v.3.4.2, using the
packages “psych”, “gmodels”, “ImerTest”, and “lme4”.
Participants were classified as AB— CN, A+ MCL or A3+
AD. For each Cogstate outcome measure, longitudinal
change over 18 months was assessed using linear mixed
models (LMM) with an unstructured covariance matrix,
with participants and time as random factors. Time
was treated as a continuous variable. In considering the
potential benefits of repeated cognitive assessments,
we also examined longitudinal change of each group
on the CVLT-II total and delayed recall scores, assessed
at baseline and 18 months, using LMMs. Statistical
significance was set at p<.05, and no corrections for
multiple comparisons were made. However, to minimize
the potential for conclusions based on Type I error, we
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Figure 1. Longitudinal Change and Effect Size vs AB- CN Controls for ISLT Total and ISLT Delayed and Effect Size vs

AB- CN Controls for CVLT-II Total and CVLT-II Delayed
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ISLT Total (A) and ISLT Delayed (B) mean scores for AB- CN (Black Line), AB+ MCI (Blue Line), and AB+ AD (Red Line), effect sizes for AR+ MCI (Blue) and AB+ AD (Red)
versus AB- CN on ISLT Total (C) and ISLT Delayed (D) at 3-month intervals over 18 months, and effect sizes for AB+ MCI (Blue) and A+ AD (Red) versus AB- CN on ISLT
Total, ISLT Delayed, CVLT-II Total, and CVLT Delayed at 18 months (E); * p<.05, t p<.01 LMM slope significantly different from baseline; AB, amyloid-f3; AD, Alzheimer’s
disease; BL, baseline; CI, confidence interval; CN, cognitively normal; CVLT-II, California Verbal Learning Test, second edition; ISLT, International Shopping List Test; LMM,
linear mixed model; MCI, mild cognitive impairment; Mos, months; SE, standard error.

also computed Cohen'’s d effect sizes to contextualize the
magnitude of cognitive decline between groups.

Results

Participant Enrollment

Of the 205 participants enrolled in AIBL-ROCS, a
subgroup underwent AB PET neuroimaging (Table 1),
and 90 participants completed the 18-month study. At
baseline, mean CDR-Sum of Boxes (CDR-SB) in the AP+
AD group was consistent with the classification of mild
dementia (Table 1). The median number of assessments
for all groups was 7.

Longitudinal Decline Within Groups

Both AB+ MCI and AR+ mild AD groups showed
significant (p<.05) decline in the ISLT total score over
15 and 18 months respectively (Figure 1A). Significant
decline on the ISLT delayed score was also observed
in the Ap+ MCI group over 1 -months but not in the
AB+ mild AD group (Figure 1B). The AB+ MCI and AP+
mild AD groups did not show any significant decline on
any other cognitive measure (Supplement Figure 1). No
significant decline on the CVLT-II total (B (SE)=-0.038
(0.059), p=.525) or delayed (B (SE)=-0.053 (0.078), p=.499)
recall was observed in AB+ MCI over 18 months. AR+
mild AD showed significant decline on the CVLT-II total
(p (SE)=-0.138 (0.061), p=.026), but not delayed (p (SE)=-
0.114 (0.081), p=.163) recall over 18 months.

For the ApB- CN group, no significant decline in any
cognitive outcome was observed over the 18-month
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re-test period (Figure 1A and B, Supplement Figure 1).
Similarly, no significant change was observed in the
CVLT-II total (B (SE)=-0.023 (0.028), p=.416) or delayed ({3
(SE)=0.026 (0.038), p=.491) recall scores over 18 months.
However, significant improvement in performance from
baseline was observed for the AB— CN group for the
measures of ISLT total, ISLT delayed, and OCL.

Comparison of Rate of Cognitive Decline
Between CN Older Adults and Symptomatic
Groups

Compared to the Ap- CN group, the Ap+ MCI group
showed a significantly faster rate of decline on the ISLT
total recall score at 15 months onwards (Figure 1C; Ap+
MCI vs Ap— CN d=0.81, p=.004 at 15 months; Ap+ MCI
vs Ap— CN d=0.93, p=.001 at 18 months), and on the ISLT
delayed recall score at 18 months (Figure 1D, A+ MCI
vs AB— CN d=0.91, p=.002). Compared to Ap- CNs, the
Ap+ mild AD group showed a significantly greater rate of
decline over 18 months only on the ISLT total recall score
(Figure 1C, Ap+ AD vs Ap— CN d=0.74, p=.01), but not on
the ISLT delayed recall score (Figure 1D, AB+ AD vs Ap—
CN d=0.51, p=.08). Over the 18-month re-test period, Ap+
MCI and AB+ mild AD groups did not show significant
decline on any other cognitive measure when compared
with AB- CNs (Supplement Figure 1). Similarly, Ap+
MCI and AB+ mild AD groups did not show significant
rates of decline on the CVLT-II total (MCI d=0.07, p=.828;
AD d=0.50, p=.093), and delayed (MCI d=0.25, p=.363;
AD d=0.45, p=.120) recall scores when compared with
Ap- CNs (Fig 1E). When data on the ISLT were restricted
to two timepoints to match those upon which the CVLT-
IT was administered (i.e., baseline and 18 months),
compared to the AB- CN group, the Ap+ MCI group had
a significantly faster rate of decline over the 18 months
for the ISLT total recall (B (SE)=-0.144 (0.078), d=0.55),
p=.051), and ISLT delayed recall ( (SE)=-0.213 (0.075),
d=0.85), p=.005) scores (Fig 1E). The same comparisons
for the AP+ mild AD group also showed a significantly
faster rate of decline at the 18-month timepoint on the
ISLT total recall (B (SE)=-0.174 (0.084), d=0.66), p=.024),
and the ISLT delayed recall (8 (SE)=-0.147 (0.077), d=0.59),
p=-044) scores (Fig 1E).

Discussion

In this study, AB+ MCI and AB+ mild AD groups
showed longitudinal decline in episodic memory over the
15-18 months of assessment. Specifically, when assessed
seven times across the 18-month study period, the Ap-
CN group showed no loss of words on the ISLT total or
delayed recall score. Conversely, compared to the Ap-
CN group, the AB+ MCI group showed a faster rate of
memory decline over the same interval on the ISLT total
and delayed recall scores (d=1) (Fig 1). The AB+ mild

AD group also demonstrated a faster rate of memory
decline over the 18-month test-re-test interval when
compared to the Ap- CN group, but only on the ISLT
total recall score (d=0.74), and not on the delayed recall
score (d=0.51) (Fig 1). On the ISLT delayed recall score,
the AB+ mild AD group performed at a stable, but very
impaired, level of ~8 words below the AB- CN group. It
is likely that the smaller magnitude of decline on the ISLT
delayed recall score in the Ap+ mild AD group is because
this group’s delayed recall performance was already at
or near the lowest possible score (e.g., 0 or 1) at baseline.
Thus, while the ISLT delayed recall score may serve as a
useful screening tool at baseline to identify patients with
clinically significant cognitive impairment, its utility in
measuring change over time, particularly in those who
have progressed to the dementia stages of AD, may be
limited.

In contrast to the measure of verbal memory, no decline
was observed for measures of processing speed and
attention in either Ap+ MCI or AB+ mild AD groups, and
the effect sizes for differences in slopes for these outcomes
were small (e.g., <1% change from baseline). The absence
of any decline in processing speed and attention in this
study is consistent with observations from previous
studies (5, 19, 20), and confirms that cognitive decline in
AD does not manifest in simple or reflexive aspects of
cognition. Compared to AP- CNs, no decline in visual
memory or working memory was observed in the Ap+
MCI or AR+ mild AD groups, although effect sizes for
some comparisons indicated that for both groups, the
rate of cognitive decline was moderate in magnitude
(Supplement Figure 1). Statistically significant decline
in visual memory and working memory have been
observed previously in the AB+ MCI and AB+ mild AD
groups from the broader AIBL cohort, albeit studied
at longer re-test intervals, for example, over 18 and
36 months. It is possible that practice effects resulting
from the many repeated assessments given in this study
acted to obscure any true decline in cognitive function.
However, assessments of memory at the beginning and
end of the 18-month study period with the CVLT-II total
and delayed recall scores also showed no statistically
significant decline. Additionally, while previous studies
of the AIBL cohort have used sample sizes greater than
those studied here, the effect sizes observed were similar
in magnitude (5, 21). Thus, the absence of statistically
significant decline in visual memory and working
memory more likely occurred because the relatively small
sample size did not provide statistical power adequate
to render the moderate magnitude of decline statistically
significant, despite the multiple assessments. Thus,
while the high frequency repeated assessment does allow
detection of AD-related cognitive decline over intervals
of approximately 18 months, the magnitude of decline
detected here indicates that larger sample sizes will be
needed to render such decline statistically significant.

No statistically significant decline over 18 months was
observed in AB- CN older adults on any cognitive test.
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While this is consistent with previous work showing
the absence of cognitive decline in AB- CNs using the
same battery over 36 months (14), we did observe
modest improvements in performance on the ISLT, OBK,
and OCL tests. It is possible that practice effects from
the 6 reassessments within the 18 months resulted in
these slight improvements. Our observation that these
improvements occur primarily in tests of episodic and
working memory are consistent with previous studies
that have similarly demonstrated that Ap- CNs can
benefit from repeated exposure to episodic memory tests,
while those with underlying AD pathology do not (22-25).

A key limitation of this study is that the sample size
of the AB+ MCI and AB+ mild AD groups was very
small (i.e., <20). Despite this, the decline in episodic
memory detected using the ISLT was sufficient to reach
statistical significance in the prodromal and mild AD
stages. As a general principle of measurement, the ability
of a measure to detect change in cognitive function
can increase with the number of measurements used
to estimate that change by offering more precise slope
estimates and improving the detection of the decline
signal over the statistical noise arising from normal day to
day variance in cognitive performance. This is supported
by the observation that no statistically significant decline
was observed for the CVLT-II total and delayed recall
scores in the same groups when assessed only at baseline
and 18 months (e.g., 11% change from baseline on the
CVLT-II total recall score vs. 33% change from baseline
on the ISLT total recall score). When data on the ISLT
were restricted to baseline and 18 months, we observed a
statistically significant decline on both the ISLT total and
delayed recall scores that was of a moderate magnitude.
However, this greater magnitude of decline at 18 months
on the ISLT total and delayed recall scores (Fig 1E) may
include signal from the repeated assessments that may
not be explicit in the analysis.

These limitations notwithstanding, in high-risk
populations, quarterly measurement may improve clinical
decision making regarding the presence of cognitive
decline. To better understand the longitudinal sensitivity
of the Cogstate battery with various risk groups, future
investigations with larger sample sizes and longer follow
up will provide additional power to examine potentially
informative covariances (e.g., APOE ¢4). The ISLT has
been and is currently used in clinical trials as a primary
or secondary endpoint for monitoring the progression of
AD and other dementias (NCT03402503, NCT01009255,
NCT02244541, NCT02579252, NCT01760005,
NCT03088956). As frequent re-assessments of the ISLT
and the Cogstate battery may reduce the need for large
sample sizes of at-risk individuals, this analysis supports
further investigation of these tests as cognitive endpoints
in clinical trials seeking to halt or slow cognitive decline.
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