J Mol Neurosci (2016) 60:362-370
DOI 10.1007/s12031-016-0822-8

@ CrossMark

Performance on the Cogstate Brief Battery Is Related to Amyloid
Levels and Hippocampal Volume in Very Mild Dementia

Yen Ying Lim"' - Victor L. Villemagne '~ « Simon M. Laws*>° . Robert H. Pietrzak’ -
David Ames®® - Christopher Fowler' - Stephanie Rainey-Smith* - Peter J. Snyder'® -
Pierrick Bourgeat'' « Ralph N. Martins* - Olivier Salvado'" - Christopher C. Rowe*" -
Colin L. Masters' - Paul Maruff''? . on behalf of the AIBL Research Group

Received: 18 June 2016 / Accepted: 17 August 2016 /Published online: 1 September 2016

© Springer Science+Business Media New York 2016

Abstract In a group of older adults with very mild dementia,
we aimed to characterize the nature and magnitude of cogni-
tive decline as measured by the Cogstate Brief Battery, in
relation to A3 levels and hippocampal volume. Participants
were characterized according to their status on the Clinical
Dementia Rating (CDR) scale. A total of 308 individuals
who were CDR 0 and had low cerebral A3 levels (AR—), 32
individuals who were A3— and CDR 0.5, and 43 individuals
who were A3+ and CDR 0.5 were included in this study.
Participants completed the CogState brief battery at baseline,
and at 18-, 36-, 54- and 72-month follow-up. Linear mixed
model analyses indicated that relative to the A3— CDR 0
group, the A3+ CDR 0.5 group showed increased rates of
memory decline and hippocampal volume loss. However,
compared to the A3— CDR 0 group, the AB— CDR 0.5 group
showed no changes in cognitive function or hippocampal vol-
ume over 72 months. The results of this study confirm that in
individuals with very mild dementia, who also have biomarker
confirmation of A3+, changes in cognitive function manifest
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primarily as deterioration in memory processing, and this is
associated with hippocampal volume loss. Conversely, the
absence of any cognitive decline or loss in hippocampal vol-
ume in individuals with very mild dementia but who are Ap3—
suggests that some other non-AD disease process may under-
lie any static impairment in cognitive function.

Keywords Alzheimer’s disease - Memory - Hippocampal
volume - Amyloid - Mild dementia

Introduction

There is now agreement that in non-demented older adults, an
elevated level of beta-amyloid (Af3), determined from posi-
tron emission tomography (PET) or cerebral spinal fluid
(CSF) sampling, is associated with cognitive decline particu-
larly in episodic memory (Doraiswamy et al. 2014, Fagan
et al. 2007, Lim et al. 2014). Such data is consistent with the
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amyloid cascade hypothesis of Alzheimer’s disease (AD)
which proposes that AD begins with A3 accumulation, which
leads to the expression and aggregation of tau, both of which
then combine to cause synaptic and neuronal loss (Hardy and
Selkoe 2002, Masters and Selkoe 2012). The progressive loss
of neurons and neuronal function manifests behaviourally as
cognitive deterioration, reduced functional activities of daily
living and ultimately dementia.

Older adults, for whom they, or their caregivers, report a
noticeable decline in cognitive abilities are now investigated
for early dementia. If reported difficulties are corroborated by
objective evidence of cognitive impairment (e.g., performance
between 1 and 2 standard deviations below the mean of an
appropriate control group) on formal cognitive assessment, as
well there being no medical or situational information to ac-
count for this impairment, individuals can be considered to be
in the early stages of dementia (Morris et al. 2001, Petersen
2004). This early stage of dementia is classified clinically as
0.5 on the Clinical Dementia Rating (CDR) scale, and has been
termed “very mild dementia” (Morris et al. 2001) or “mild
cognitive impairment” (MCI) (Petersen 2004). It has been es-
timated that individuals with a CDR score of 0.5 have an ap-
proximately 35 % risk of progressing to CDR 1 (mild dementia)
over 5 years (Morris et al. 2001), and this risk is increased to
approximately 80 % in individuals who also have high Af3
(AR+) (Rowe et al. 2013). Recent consensus criteria that inte-
grate risk from biomarkers and the amyloid cascade hypothesis
stipulate that individuals with a CDR score of 0.5 and who are
also A3+ can be considered as being in the prodromal stage of
AD (Albert et al. 2011). Such criteria also raises the hypothesis
that the pathological processes underlying cognitive impair-
ment in individuals who have a CDR score of 0.5 but who have
low levels of cerebral A3 (A3—) may reflect neurodegenerative
or psychiatric processes other than AD (Albert et al. 2011,
Dubois and Albert 2004). However, the nature and magnitude
of cognitive decline associated with known biomarkers of AD
(i.e., cerebral A3 and hippocampal volume) in individuals with
a CDR score of 0.5 remain poorly defined. In a previous study
of MCI, we observed that A3+ was associated with a moderate
decline in memory (i.e., d ~ 0.5) but a much greater loss of
hippocampal volume (d ~ 1.5) over 3 years (Lim et al.
2015a). However, given the short follow-up interval, it is pos-
sible that these relative estimates are unreliable and warrant
replication over longer periods of assessment.

The aim of this study was to follow prospectively changes
in cognition and hippocampal volume over 72 months in A3—
and A3+ adults with a CDR score of 0.5. The first hypothesis
was that at baseline, compared to CDR 0 A 3— older adults and
CDR 0.5 Af3- older adults, CDR 0.5 AR+ older adults would
show large impairments in memory and working memory, and
that this would be accompanied by smaller hippocampal vol-
umes. The second hypothesis was that compared to CDR 0
AP— older adults, CDR 0.5 AP+ older adults would show

faster decline in memory and working memory over
72 months and that this would also be accompanied by in-
creased loss of hippocampal volume. The third hypothesis
was that any cognitive decline observed in CDR 0.5 Ap3—
older adults would be less than that observed in CDR 0.5
A+ older adults.

Methods
Participants

Participants were recruited from among individuals enrolled in
the Australian Imaging, Biomarkers and Lifestyle (AIBL)
Flagship Study of Ageing. The process of recruitment and clas-
sification of the AIBL cohort has been described in detail pre-
viously (Ellis et al. 2009, Rowe et al. 2010). Briefly, individuals
who volunteered were excluded from the AIBL study if they
had any of the following: schizophrenia; depression (Geriatric
Depression Score [GDS] of 6 or greater); Parkinson’s disease;
cancer (other than basal cell skin carcinoma) within the last
2 years; symptomatic stroke; uncontrolled diabetes; or current
regular alcohol use exceeding two standard drinks per day for
women or four per day for men.

All participants enrolled in AIBL underwent a thorough
medical and neuropsychological evaluation at each assess-
ment and this information was used to classify the clinical
disease stage. The neuropsychological test battery used to
measure cognition in the AIBL study has been described in
detail previously (Ellis et al. 2009). A clinical review panel
chaired by DA reviewed all available medical, psychiatric and
neuropsychological information to confirm the cognitive
health of individuals enrolled in the CN group. In this clinical
review panel, participants’ cognitive and functional status was
rated using the CDR scale. For this study, individuals classi-
fied as CDR = 0.5 were considered to have very mild demen-
tia or MCI, while those with CDR = 0 were classified as
cognitively normal (CN) (Morris 1983). The CDR rating of
participants was made without reference to A3 imaging, and
magnetic resonance imaging (MRI) data. The study was ap-
proved by and complied with the regulations of the institu-
tional research and ethics committees of Austin Health, St.
Vincent’s Health, Hollywood Private Hospital, and Edith
Cowan University (Ellis et al. 2009). All participants provided
written informed consent prior to participating in the study.

Measures
Amyloid Imaging
Af3 imaging with positron emission tomography (PET) was

conducted using either 11C-Pittsburgh Compound B (PiB),
18F-florbetapir or 18F-flutemetamol. PET methodology has
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been described in detail previously (Clark et al. 2011, Rowe
et al. 2010, Vandenberghe et al. 2010). A 30-min acquisition
was started 40 min after injection of PiB and 20-min acquisi-
tions were performed 50 min after injection of florbetapir and
90 min after injection of flutemetamol (Clark et al. 2011, Rowe
et al. 2010, Vandenberghe et al. 2010). For PiB and
flutemetamol, PET standardized uptake value (SUV) data were
summed and normalized to the cerebellar cortex SUV, resulting
in a region-to-cerebellar ratio termed SUV ratio (SUVr). For
florbetapir, SUVr was generated using the whole cerebellum as
the reference region. In accord with previous studies, SUVr was
classified dichotomously as either low or high. For PiB and
flutemetamol, an SUVr threshold >1.5 was used. For
florbetapir, an SUVr threshold of >1.1 was employed.
Hippocampal volume (HV) was normalized for head size using
total intracranial volume (sum of grey matter, white matter and
cerebral spinal fluid volumes) (Dore et al. 2013).

Cognitive Assessments

All participants were assessed with standard clinical rating
scales and a comprehensive neuropsychological battery from
the AIBL study. All of these measures have been described in
detail elsewhere and were administered according to standard
protocols by trained research assistants (Ellis et al. 2009, Lim
et al. 2012a). In addition to the tests used to inform the rating
on the CDR, premorbid intelligence was estimated using the
Wechsler Test of Adult Reading (WTAR) and levels of de-
pressive and anxiety symptoms were assessed using the
Hospital Anxiety and Depression Scale (HADS). Cognition
was measured using the Cogstate brief battery (CBB) (Lim
et al. 2012a). This has been described in detail previously but
briefly. This battery consists of four computerized tests: the
Detection (DET) task is a simple reaction time test shown to
measure psychomotor function; the Identification (IDN) task
is a choice reaction time test shown to measure visual atten-
tion; the One Card Learning (OCL) task is a continuous visual
recognition learning task that assesses visual learning within a
pattern separation model and the One-Back (OBK) task is a
task of working memory and attention (Lim et al. 2012a, b).
From these four tests, two composite scores were computed.
The Attention/Psychomotor Function composite was comput-
ed by standardizing the speed of performance on the Detection

and Identification tests and averaging these scores (Maruff
et al. 2013). The Learning/Working Memory composite was
computed by standardizing the accuracy of performance on
the One Card Learning and One Back tests (Maruff et al.
2013). Performance on the CBB tests was not used to deter-
mine participants’ clinical status.

Data Analysis

To characterize the nature and magnitude of cognitive impair-
ment in the CDR 0.5 groups, a series of analyses of covariance
(ANCOVA) were used to compare the cognitive composite
scores and HV between the A3— CDR 0, A3— CDR 0.5 and
A+ CDR 0.5 groups at baseline. In these analyses, the cog-
nitive composite score or HV was entered as the dependent
variable and age, premorbid intelligence and GDS scores were
added as covariates.

To characterize the nature of magnitude of change in cog-
nition over time, a series of linear mixed effects models
(LMM) using an unstructured covariance matrix and maxi-
mum likelihood estimation were conducted to examine the
relation between group (AB— CDR 0, AB— CDR 0.5, ApB+
CDR 0.5) and time (baseline, 18-, 36-, 54- and 72-month
assessments) on each cognitive composite score and HV. For
each LMM, the cognitive composite score or HV was treated
as the dependent variable. Group, time and the interaction
between group and time were also specified as fixed factors,
and participant was specified as a random factor. Age,
premorbid intelligence and depressive symptoms at the first
assessment were specified as covariates. Group mean slopes
were computed for each cognitive composite score to reflect
estimates of the rate of cognitive change over time; and esti-
mates of slope in the AR— CDR 0.5 and AR+ CDR 0.5 groups
were compared to that in the A3— CDR 0 group. Differences
in slopes were expressed using Cohen’s d.

Results
Demographic and Clinical Characteristics

Statistically significant differences between groups were ob-
served for age, premorbid intelligence and depressive

Table 1 Demographic and
clinical characteristics

CDR 0 AB- (n=253)

CDR0.5AB—(n=32) CDROSAP+(n=52) p

Sex N (%) female 146 (57.7 %) 12 (37.5 %) 26 (50.0 %) 0.074
Age 68.27 (5.78) 73.78 (9.22) 78.31 (7.02) 0.000
Premorbid IQ 108.65 (6.85) 105.13 (9.78) 108.29 (8.27) 0.041
GDS 0.87 (1.27) 2.74 (2.20) 1.70 (1.32) 0.000
CDR sum of boxes 0.00 (0.03) 0.77 (0.47) 0.94 (0.66) 0.000
MMSE 29.08 (1.10) 27.66 (1.93) 26.94 (2.26) 0.000
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Table 2  Effect of A3 on cognitive function and hippocampal volume at baseline, and group mean (SD) of each A3 group

CDR 0 Ap— N

CDROSABR— n CDRO5S AR+ n

Group P
Psychomotor/attention composite (2277) 3.809 0.023
Learning/working memory composite (2278) 5.717 0.004
Hippocampal volume (2106) 8.808 0.000

—0.044 (1.009) 253
—0.025 (0.876) 253
2.940 (0.306) 89

-0.592 (1.016) 20
—0.185 (0.889) 20
2.892(0.319) 13

0434 (1.103) 38
—0.608 (0.962) 38
2.580 (0.327) 23

All models have been adjusted for age, premorbid 1Q and GDS scores at baseline

symptoms at baseline (Table 1). The A3+ CDR 0.5 group also
had a significantly higher number of APOE €4 carriers when
compared to the AB— CDR 0.5 and A— CDR 0 groups.

Effect of A3 on Cognitive Function and Hippocampal
Volume at Baseline

At the baseline assessment, there was a significant effect of
group membership on both cognitive composites and for hip-
pocampal volume (Table 2). Mean and standard deviation for
each cognitive composite and for hippocampal volume for each
group are summarized in Table 2. Compared to the A— CDR
0 group, the AB— CDR 0.5 group showed statistically signifi-
cant impairment of a moderate magnitude on both the
Psychomotor/Attention composite and the Learning/Working
Memory composite (Fig. 1). Compared to the AB— CDR 0
group, the AR+ CDR 0.5 group also showed statistically sig-
nificant impairment of a moderate magnitude on both the
Psychomotor/Attention composite and the Learning/Working
Memory composite (Fig. 1). The A3+ CDR 0.5 group also
performed significantly worser than the A3— CDR 0.5 group
on the Learning/Working Memory composite (Fig. 1), despite
there being no statistically significant difference in their hippo-
campal volumes at baseline, d (95 %CI) = 0.06 (—0.62, 0.74)

(Table 2). In the overall CDR 0.5 group, no association with
HYV was observed for the Learning/Working Memory compos-
ite (» = 0.20, p = .24) or for the Psychomotor/Attention com-
posite (» =—0.10, p = .58).

Effect of A3 on Cognitive Function and Hippocampal
Volume over 72 Months

Significant group x time interactions were observed only for
the Cogstate Learning/Working Memory composite and hip-
pocampal volume (Table 3). Table 3 also provides a summary
of the group mean slopes for each cognitive composite and for
hippocampal volume for each A3 group. When compared to
the AB— CDR 0 group, the A3+ CDR 0.5 group showed a
significantly increased rate of decline on the Learning/
Working Memory composite (Fig. 2b), and hippocampal vol-
ume (Fig. 2¢) and the magnitude of these differences were
moderate-to-large (Fig. 3). The AB+ CDR 0.5 group did not
differ significantly from the A3— CDR 0 group on their rate of
change on the Psychomotor/Attention composite (Fig. 2a,
Fig. 3). Compared to the AB— CDR 0 group, the AR— CDR
0.5 group did not differ in their rate of change on any cognitive
composite, nor did they differ on the rate of change in hippo-
campal volume (Fig. 2c).

Fig. 1 Magnitude of impairment 0.5
on each cognitive composite at

baseline for each A3 group (error

bars represent 95 % confidence

intervals) s 0
p
a
Q
2 -05
2
B
E -
Q
5 s
s
CDR 0.5 AB-
B CDR 0.5 AB+
-2
Cogstate Psychomotor/Attention
Composite

Cogstate Learning/Working Memory
Composite

Hippocampal Volume
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Table 3  Effect of AP on cognitive function and hippocampal volume over 72 months, and group mean (SD) slope of each A3 group

p CDR 0 Ap— N CDROSAB— n  CDROSAB+ n

Group x time

P Time

Group

52
52
37

—0.238 (0.429)
—0.086 (0.361)
—0.071 (0.042)

32
32
21

—0.057 (0.392)

253
253

—0.188 (0.304)
0.041 (0.237)
—0.016 (0.029)

0.120
0.032

(2325) 2.13

0.000
0.540
0.000

(1324) 26.74
(1295) .376

0.064

(2357) 2.77

Psychomotor/ attention composite

0.089 (0.299)
—0.015 (0.037)

(2293) 3.48

0.252

(2334) 1.39

Learning/working memory composite

145

0.000

(199) 85.91 (2102) 29.15

0.015

(2273) 4.27

Hippocampal volume

All models have been adjusted for baseline age, premorbid 1Q, and GDS scores, and scan timepoint

Discussion

The first hypothesis that at baseline, compared to CDR 0 A3—
older adults and CDR 0.5 A3— older adults, CDR 0.5 AP+
older adults would show a large impairment in learning and
working memory, and that this would be accompanied by
smaller hippocampal volume was supported. Older adults
who had met criteria for very mild dementia or MCI, based
on their AIBL assessment showed impairment in learning and
working memory of a magnitude that was by convention large
(~0.8), which is accompanied by smaller hippocampal vol-
ume, of a large magnitude (Fig. 1). In contrast, this same
group showed only a subtle impairment (~0.4) in attention
and psychomotor function. Interestingly, the pattern of impair-
ment in older adults who had a CDR score of 0.5 but who
were A[3— was qualitatively opposite to this, with moderate
and statistically significant impairment in attention and psy-
chomotor function and only a small and non-significant im-
pairment in learning and working memory Fig. 1). This dif-
ference persisted despite this group meeting the AIBL consen-
sus clinical criteria for MCI based on medical and neuropsy-
chological workup (Ellis et al. 2009). Similarly, no differences
in hippocampal volume were observed between CDR 0
Af—older adults and CDR 0.5 A3— older adults (Fig. 1).
Thus, at baseline the A3+ CDR 0.5 group showed the cogni-
tive profile characteristic of early AD with impairments in
memory and lower HV. In contrast, the AB— CDR 0.5 group
showed a qualitatively different cognitive profile, and no ev-
idence of hippocampal volume loss when compared to the
CDR 0 Ap— group (Fig. 1).

The second hypothesis that compared to CDR 0 A3— older
adults, CDR 0.5 A3+ older adults would show increased cog-
nitive decline in learning and working memory over
72 months, and that this would also be accompanied by in-
creased loss of HV support. In the A+ CDR 0.5 group,
performance on measures of learning and working memory
deteriorated substantially across the 6 years, however, in the
AP— CDR 0 group, there was no deterioration in memory
function at all (Fig. 2b). The difference in the rate at which
learning and working memory performance over time wors-
ened in the A3+ CDR 0.5 group compared to the A3— CDR 0
group was, by convention, moderate (d ~ 0.5). Further, this
decline in learning and working memory was accompanied by
a substantial loss of HV over the same time (Fig. 2c).
Hippocampal volume, in the A3+ CDR 0.5 group continued
to deteriorate over the 72 months, while individuals in the
AP— CDR 0 group showed very subtle, and non-significant
loss of HV over the same period. The magnitude of the differ-
ence between these two groups in the rate at which HV dete-
riorated over time was very large (d ~ 1.7). In contrast to the
decline observed in learning and working memory and in
hippocampal volume, no decline was observed for the mea-
sure of psychomotor function and attention in the A+ CDR
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0.00

Fig. 2 Rate of change over
72 months on the a cogstate
psychomotor/attention
composite, b cogstate learning/ 020
working memory composite and ¢
hippocampal volume for each A3
group

-0.40

-0.60

-0.80

in Psychomotor/Attention Composite

Change

1.00

e CDR 0 AB-
CDR 0.5 AB-
CDR 0.5 AB+

-1.40

0.50 0.00

0.40

0.30

-0.10

0.10

-0.10

Change in Learning/Working Memory Composite

0.30

0.30

-0.40

0.40

Baseline 18 mth 36 mth 54 mth 72 mth

0.5 group (Fig. 2a). This suggests strongly that in the AP+
CDR 0.5 group, the memory decline observed was not an
indirect result of any impairment in attentional function.

The third hypothesis that any cognitive decline observed in
CDR 0.5 A3— older adults would be less than that observed in
CDR 0.5 AR+ older adults was supported. Although the CDR
0.5 AP— group showed impairment in attention and psycho-
motor function at their baseline assessment, this group showed
no further decline in these functions over the subsequent
72 months (Fig. 2a). Similarly, there was no decline in learn-
ing and working memory over the same period (Fig. 2b).
Instead, there was some indication that over 72 months, the
Ap— CDR 0.5 group showed some improvement in learning

1

0.50

Baseline 18 mth 36 mth 54 mth 72 mth Baseline 18 mth 36 mth 54 mth 72 mh

and working memory. In fact, at the 72-month assessment,
performance on the Learning/Working Memory composite
was better than that in the Af— CDR 0 group (Fig. 2b).
Finally, the AB— CDR 0.5 group also showed no further re-
duction in HV over time (Fig. 2¢). Consequently, differences
between the CDR 0 Af3—and CDR 0.5 A3— groups in the rate
of change in cognitive function over 72 months and in the rate
of HV loss over the same time were small and not statistically
significant (Fig. 2¢). The absence of any progressive loss in
cognitive function or HV suggests that the cognitive impair-
ment that accorded with the blinded clinical diagnosis of MCI
by the AIBL clinical review panel was not the consequence of
a neurodegenerative disease process. One hypothesis is that

Fig. 3 Magnitude of decline over
72 months on each cognitive
composite and hippocampal
volume for each A} group (error 0.5

bars represent 95 % confidence
0 T

intervals)
-0.5

CDR 0.5 AB-
BCDR 0.5 AR+

Magnitude of decline over 72-months (vs. CDR 0 A 8-)

'
)

Cogstate Psychomotor/Attention

Composite

Cogstate Learning/Working Memory Hippocampal Volume

Composite
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the cognitive deficit in the CDR 0.5 Af3—group may reflect a
static injury or disruption that has occurred in the past.
Alternatively, the cognitive impairment observed in the CDR
0.5 AP— group may reflect some neurodegenerative disease
process that is much slower than that related to A3 (Dubois
and Albert 2004). If this is the case, then, it is likely that
individuals will gradually accumulate Af3 to a level that would
be considered abnormal (e.g., PIB-PET SUVR >1.5) and once
that threshold has reached, cognitive decline and faster loss of
HV will become evident.

When considered together, the results of the current study
show that in individuals with very mild dementia, there is
substantial loss of higher cognitive functions such as memory
and working memory. This loss of cognition is accompanied
by a loss of brain volume, which in the current study was
determined from the hippocampus. It is important to note that
while individuals in the current study were classified as hav-
ing very mild dementia, their average score on the MMSE was
27, indicating that despite being symptomatic, the severity of
clinical symptoms was very mild. Despite this, the rate of loss
of memory and working memory functions were substantial.
The results presented here are consistent with, and extend,
those reported over 36 months (Lim et al. 2015a), suggesting
that even with shorter assessment intervals, the estimates of
memory decline and hippocampal volume loss remained reli-
able. When taken together, these data also show that very mild
dementia is a suitable disease stage for interventions designed
to halt or slow disease progression prior to the development of
dementia (Golde et al. 2011). The data reflecting the loss of
higher cognitive function and loss of HV in the CDR 0.5 A3+
older adults can be considered to reflect the nature of disease
progression in untreated very mild dementia and therefore
could be utilized in statistical models aimed at determining
sample sizes for clinical trials of licenced or novel drugs for
AD.

When interpreting the results of this study, there are several
important caveats to note. First, participants enrolled in the
AIBL study were not recruited through epidemiological sam-
pling methods, and participants with memory complaints were
recruited primarily through memory clinics and referrals from
their primary care physicians. As such, it will be important for
the estimates of cognitive decline reported here to be replicat-
ed and extended in more population-based samples, such as
the Mayo Clinic Study of Ageing (Roberts et al. 2008).
Second, we were unable to investigate the effect of APOE
€4 carriage on Af3 related cognitive decline in this population
of older adults. This was primarily due to the low number of
APOE €4 carriers in the CDR 0.5 Af3— group (n = 6). The
observation that the number of APOE ¢4 carriers was low in
the CDR 0.5 A3— group is consistent with clinical studies that
have shown that APOE €4 is associated with increased Af3
levels (Morris et al. 2010, Rowe et al. 2010). However, as a
number of recent studies have now shown that APOE ¢4 can

@ Springer

increase the rate of memory decline and the rate of clinical
disease classification in AP+ cognitively normal older adults
(Lim et al. 2015b, Mormino et al. 2014, Petersen et al. 2016),
it will be important for future studies with larger samples of
older adults with MCI or very mild dementia to determine
whether this exacerbation of memory decline in A3+ cogni-
tively normal older adults similarly extends to individuals who
have evidence of some cognitive impairment.

These caveats notwithstanding, the results of this study,
along with those from previous studies, confirm that in indi-
viduals who have been classified clinically as being in the very
carly stages of AD and who have biomarker confirmation of
A3, changes in cognitive function manifest primarily as dete-
rioration in memory processing (Braak and Braak 1991,
Knopman et al. 2003). Further, the gradual loss of hippocam-
pal volume observed in this study is also consistent with neu-
robiological studies showing the predilection of early AD
pathological processes for medial temporal lobe structures
(Dickerson and Sperling 2008, Dore et al. 2013, Jack et al.
2009). Finally, this study provides additional evidence that the
combination of AD biomarkers and sensitive cognitive assess-
ments are important in the identification of individuals in the
very early stage of AD who may be appropriate targets of
clinical trials of anti-amyloid therapies seeking to modify or
alter the course of cognitive deterioration in AD.
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