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SUMMARY

Biomarker evidence and clinical observations support the hypothesis that there is a diagnosable
condition termed preclinical Alzheimer’s disease (AD). Recently, a workgroup convened under
the auspices of the National Institute on Aging and the Alzheimer’s Association proposed a
framework for defining preclinical AD. The definition was based on the presence of biomarkers
that are indicative of the AD pathophysiological process. In the context of abnormal AD
biomarkers, the workgroup postulated that ‘subtle cognitive changes’ occurred as well. Based on
studies of genetically at-risk individuals and those destined to become demented, who were
observed while still cognitively normal, low performance on learning and memory functions may
be the earliest cognitive manifestations of preclinical AD, at the group level at least. It is not clear
whether subtle cognitive decline can be detected reliably on an individual basis. Preclinical AD
cognitive changes could be diagnosed by traditional neuropsychological testing, computerized
testing, assessments of subjective memory loss, assessments of levels of participation in
cognitively stimulating activities and direct measurement of activity using recently developed
monitoring technology. Confounding effects of normal aging, test—retest variability, variations in
educational attainment, as well as the presence of other brain diseases make diagnosing cognitive
decline due to preclinical AD challenging.

The concept of preclinical Alzheimer’s disease

Preclinical Alzheimer’s disease (AD) is not a new concept. Longitudinal observational
studies have demonstrated, at a group level, that people destined to develop dementia due to
AD have lower cognitive test scores while still being asymptomatic compared with the
group who do not develop dementia [1-8]. Longitudinal examination of asymptomatic
individuals who appear normal and who were genetically predisposed to AD dementia —
either because of carriage of the e4 allele of APOE [9,10] or because of carriage of
mutations in APP, PS1or PS2genes [11-13] — also showed group-wise cognitive
differences compared with appropriately matched noncarriers. With the advent of amyloid
imaging and evermore refined structural imaging, identifying asymptomatic individuals at-
risk for AD dementia is close to reality. It is imperative to understand the prospects and
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limitations of cognitive assessment in asymptomatic individuals who are at-risk for
becoming demented in the future.

In 2011, a workgroup convened under the auspices of the National Institute on Aging and
the Alzheimer Association (NIA-AA) proposed a framework for defining “preclinical” AD
based on three stages (Figure 1) [14]. The conceptual framework of preclinical AD was
based on a hypothetical model of the pathophysiology of AD [15]. The model posits that, in
cognitively normal individuals, there are a set of pathophysiological processes in AD that
are observable with imaging and cerebrospinal fluid (CSF) biomarkers. Although the
complete evolution from biomarkers to dementia has yet to be demonstrated, the model fits
the existing data on the transition from cognitively normal to mild cognitive impairment
(MCI) [14,15]. The first stage of preclinical AD is defined by the presence of an abnormal
level of B-amyloid by amyloid imaging or by CSF assay. The second stage of preclinical AD
includes abnormal B-amyloid levels plus evidence of neuronal neurodegeneration from
structural imaging, metabolic imaging or CSF tau levels. In the third stage of preclinical AD,
‘subtle cognitive changes’ accompany the Stage 2 changes. The NIA-AA work group
purposely left their formulation of the cognitive features of preclinical AD to be defined by
future empirical investigation, but they suggested that memory dysfunction was likely to be
a key element. To quote the document: “...these individuals may demonstrate evidence of
decline from their own baseline ... even if they still perform within the ‘normal’ range on
standard cognitive measures. There is emerging evidence that more sensitive cognitive
measures, particularly with challenging episodic memory measures, may detect subtle
cognitive impairment in amyloid-positive individuals.” [14]. As defined in the workgroup
document, the cognitive changes are asymptomatic and only have meaning in the context of
the abnormal biomarkers [14].

The intention of the NIA-AA workgroup on preclinical AD was to call attention to
individuals with biomarker evidence of preclinical AD who had cognitive decline. Thus, at
the high-functioning end of the preclinical spectrum, those with preclinical AD will have, at
most, some cognitive decline compared with their prior level of functioning, even though
their test scores would still fall into the normal range. At the lower functioning end of the
spectrum, but still in the ‘normal range’, the cognitive decline would approach, but be less
than that seen in MCI. The concept of subtle cognitive decline in preclinical AD is a
relatively new one and its operationalization is a work in progress. Ideally, longitudinal
observations would be used for the diagnosis [10] but if the concept is to have broad use, a
cross-sectional definition must also be available. As of 2012, however, the concept of
preclinical AD is strictly for research purposes. Much work, including major therapeutic
break-throughs, needs to be done before the concept of preclinical AD is ready for general
clinical use.

Decreasing levels of cognitive performance from superior levels to lower levels probably
represents a continuum of risk in which any cutoff point represents a convenience for
researchers and clinicians, not a biologically relevant inflection point. Nonetheless, while
the distinction between preclinical AD-related cognitive decline and that of MCI may seem
arbitrary, there is an increased risk for decline to dementia once the threshold for MCl is
reached [16]. Short of that threshold, and within the group of individuals defined as
cognitively normal, there is a subgroup that is experiencing changes in cognition that will
eventually manifest as dementia. Thus, just as designating an individual as having MCI
provides increased certainty of future decline, designating a person as having “subtle
cognitive decline consistent with preclinical AD” is meant to convey increased risk.
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The prevalence of preclinical AD

As yet, there are no epidemiological studies in preclinical AD. Current estimates of the
prevalence of preclinical AD in 70-80-year-old cohorts, based on amyloid imaging, average
approximately 30% [17-21]. This value can be shown to correspond with evidence from
other sources. Based largely on the amyloid imaging literature, an estimate of 15-20 years
from the onset of abnormal amyloid accumulation to the time of cognitive symptom onset
has been suggested [17,22]. It is not known how much of that period includes cognitive
decline. The long lag between the appearance of the earliest pathological changes and the
clinical manifestations is supported by neuropathological findings in young autopsied APOE
e4 carriers [23], as well as on neuropsychological and clinical follow-up of APOE e4
homozygotes in whom declines in memory test performance begin between age 55 and 60
years, with the clinical emergence of MCI by approximately age 70 years [9].

The prevalence of preclinical AD must be highly age-dependent. Based on estimates of the
incidence of AD, and reflecting them back by 15 years to the presumed onset of AD
pathophysiological changes, the incidence of preclinical AD at age 50 would be in the range
of 5-10 per 10,000 person-years (Figure 2) [24]. By 70 years of age, the incidence of
preclinical AD would be approximately 1-3 per 100 person-years. If the duration of time
spent in the preclinical phase of the disease is 15-20 years, this would mean that the
prevalence of preclinical AD at age 70 years may range from 15 to as high as 60 per 100
individuals. Because of competing mortality, not all those with preclinical AD will become
demented. Thus, with some assumptions, the prevalence of preclinical AD estimated from
amyloid imaging studies is in the same range that could be computed from traditional
epidemiological sources.

In our experience, in a group of subjects with a median age of 78 years (interquartile range:
74-82 years) from a population-based study of cognitive aging [25], the Mayo Clinic Study
of Aging found that 30% met the criteria for preclinical AD by the NIA-AA criteria [25].

Cognitive profile of preclinical AD

Based on the view that the amnestic form of MCI and the dominant presentation of AD
dementia are characterized by deficits in learning and (episodic) memory, an a priori
conceptual model of the dominant cognitive deficits in preclinical AD has focused on
impairments in learning and memory. However, the few longitudinal studies and studies of
genetically at-risk subjects suggest a more diverse set of cognitive changes in the preclinical
stage of AD (Table 1). Deficits in learning and memory are certainly present, but executive
dysfunction is also implicated. The question of great interest is what other areas are equally
impaired? Or, alternatively, are there cognitive functions that are more impaired than
learning and memory?

Although the duration of observation was quite long for all of the studies selected for Table
1, some of the studies might have included subjects who, at entry into the studies, may be
regarded as having MCI because of the magnitude of their deficits. However, a critical
reader might question whether a distinction between cognitively normal but low-scoring and
MCI is a feasible distinction to make. Taking into account the biases that went into test
selection for the studies listed in Table 1, measures of learning and memory were often
abnormal but many other nonmemory domains also demonstrated impairments.

Studies of cognitive function in elderly persons with abnormal levels of g-amyloid have
sometimes shown cognitive deficits and sometimes not. Table 2 describes these studies
[18,20,21,26-29]. Because the NIA-AA model of preclinical AD posits that abnormal brain
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amyloidosis and neurodegeneration could occur without cognitive correlates (i.e., Stages 1
and 2), the variable findings are not unexpected.

Taking the observations in Tables 1 & 2 together, we believe that declines in episodic
memory are the earliest and most consistent observation in preclinical AD [9]. Later in the
process, some executive functions might be impaired [30].

Challenges to detecting preclinical AD in behavior & cognition

There is no guarantee that a cognitive or behavioral profile of preclinical AD can be
developed that has suitable specificity and sensitivity for clinical use, especially because all
of the findings of preclinical change reported to date have required group analyses. No
measure has shown sufficient sensitivity and specificity in individuals. Competing causes of
poor cognitive performance in middle-aged and elderly adults make the job of detection of
preclinical cognitive changes very difficult (Table 3). In addition, there are many
nonspecific threats to detecting cognitive changes from preclinical AD, such as altered
vision and hearing, which occur with aging, depression and cultural variations in
approaching cognitive assessment. There are other phenomena, described below, that cause
cognitive impairment that pose even more difficult challenges for detecting preclinical AD.

Test—retest variability

Aging

Human performance on cognitive testing is inherently noisy, and variability from test
session to test session is considerable [31]. Delayed recall test scores are particularly
variable [32]. In the context of screening for cognitive impairment, there are risks depending
upon results from one test session. Low performance on any psychometric test after a single
administration can reflect chance, and this poor performance may revert to normal on
subsequent administration, reflecting nothing more than the well-known phenomenon of
regression toward the mean. Serial testing should exhibit less noise, although the costs in
time and effort for acquiring multiple assessments could be daunting.

A major competing cause of poor cognitive performance is aging itself. The changes in test
performance over the sixth—ninth decades of life are very large. For example, normative data
from memory testing show dramatic declines with age on all aspects of learning and
memory (Figure 3) [33,34]. In fact, by the ninth decade of life, delayed recall in persons
considered normal is nearly half of that of persons in their fifties [33]. If cognitive
assessments for preclinical AD do not take age into account, a very large number of people
over 80 years of age would meet the criteria for the diagnosis of preclinical AD. On the
other hand, to the extent that the prevalence of dementia in the tenth decade of life is very
high, the high proportion of persons over 80 years of age with low test scores may be a valid
indicator of the numbers at risk.

There are some authors, experts in cognitive neuropsychology, who believe that most
cognitive aging is due to underlying nascent neurodegenerative and cerebrovascular changes
[35]. However, there are changes in adult cognition that seem to occur well before the
appearance of AD pathophysiology or other late-life processes. Some cognitive functions
show a decline that is evident as early as age 30 or 40 years compared with the paragon of
age 20 years. Except for vocabulary knowledge, performance on tests of reasoning, spatial
visualization, memory and speed all decline by the fourth decade of life [36]. To quote
Salthouse, “there are nearly monotonic age-related declines beginning in early adulthood ...
results are consistent with the interpretation that the cross-sectional age differences reflect a
shift in the entire distribution, rather than an increase in the breadth of the distribution as
would be expected if only some people declined whereas others remained stable. [37].”
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The marked variability in cognitive performance as a function of native intellect, as indexed
by educational attainment, is another important confound to the detection of preclinical AD
[38-42]. Across the range of educational attainment, the range in performance on most
neuropsychological tests is considerable. For example, in the experience of a large
epidemiological study in the USA, median scores on the digit symbol substitution test, a
letter fluency test and a delayed word recall test were nearly 50% lower among individuals
with < ninth-grade education compared with those with >12 years of education [43].
Individuals with lower educational attainment might be inappropriately overdiagnosed as
having preclinical AD, if the criteria relied solely on cognitive testing. On the other hand,
lower educational attainment itself may be a true risk factor for future dementia. Education
appears to offer a “protection’ or at least a delay in the appearance of cognitive impairment
[42,44]. That is, for two individuals with the same level of AD (or other) pathology, the one
with the higher education will experience cognitive decline at a later time point than a
person with lower educational attainment. This is of crucial importance for interpreting the
risks conferred by results of cognitive testing. Therefore, factoring out education in
cognitive assessments for preclinical AD may lead to underdetection of those at risk for AD
dementia for those with lower educational attainment, but may aid in the detection of at-risk
persons with high educational attainment [45].

Non-Alzheimer pathologies

A third competing process is the presence of non-AD pathology. Neuropathological studies
of persons who were cognitively normal within 18 months prior to death often had AD and
non-AD-type pathological changes [46—48]. While some or most pathology causing
dementia in the elderly may indeed be AD, other pathologies certainly play a role. The
neuropathological changes of cerebrovascular disease, synucleinopathies and non-AD
tauopathies, among others, also accumulate with advancing age. There is very-little-to-no-
work on preclinical cognitive aspects of synucleinopathy and non-AD tauopathies. It seems
highly implausible that the cognitive consequences of these pathophysiologies are so
specific as to allow differentiation of AD-related and non-AD-related causes.

Because vascular risk factors in midlife may act as a proxy for preclinical disease, the non-
AD pathophysiology that is best studied is vascular. There is extensive literature on the
cognitive consequences of diabetes mellitus, hypertension and other vascular risk factors in
cognitively normal individuals [49-57]. Deficits in both attentional/psychomotor/executive
and learning domains have been observed with diabetes and hypertension. There is also a
large literature on cognitive impairment that is not dementia associated with white matter
hyperintensities [58-60] and lacunar infarcts [61-64]. To make matters more complicated,
AD and vascular risk factors may interact with the APOE genotype. One study showed that
the presence of cardiovascular risk accelerated the memory decline of e4 homozygotes but
not the heterozygotes or noncarriers [65]. Conceptually, one might have expected the
vascular risk factors to show associations with only attentional or psychomotor domain
impairment, but actual observations are not as clear. Sometimes, memory decline is evident
in individuals with a history of stroke [53,66,67]. The cognitive consequences of
cerebrovascular disease on cognition overlap with those of AD pathophysiology and
complicate efforts to detect changes that are specific for AD.

Assessment of preclinical AD

Traditional cognitive testing

Brief mental status examinations are not likely to be useful in preclinical AD. Their brevity,
ceiling effects and lack of discrimination at the highest end of the measurement scale make
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them unlikely to be useful in asymptomatic individuals at risk for AD dementia. On the
other hand, more detailed but standard neuropsychological test instruments that are
employed in clinical practice have been shown to be useful for assessment of preclinical
AD. As outlined in Tables 1 & 2, a number of test instruments are sensitive to disease in
persons at risk genetically for AD dementia, or in persons who subsequently developed AD
dementia over a long-term follow-up. Standard paper-and-pencil learning and memory tests,
such as the Rey Auditory Verbal Learning test [9] or the Free and Cued Selective
Reminding test [68], possess suitable psychometric properties for use in asymptomatic
individuals. These properties include a lack of a ceiling effect and the ability to discriminate
performance at the higher end of the performance range. There are several other examples of
list-learning procedures, such as the California Verbal Learning Task [69], and the
paragraph learning tasks, such as the Wechsler Memory Scale stories [70], or variations on
tasks of visual associative learning (‘binding’ [13] or ‘pattern separation’ [71]), but there is
insufficient experience currently to indicate that one is superior to the others.

All of the above examples in Tables 1 & 2 of ‘success’ in detecting preclinical changes were
at the group level. Whether any traditional tests have the precision to assess risk on an
individual basis is largely unknown at this time. In one instance, where the experiment was
carried out, the Free and Cued Selective Reminding test was shown to have good sensitivity
for predicting subsequent dementia among nondemented individuals in a population-based
study, but rather poor specificity [68].

Serial testing using traditional neuropsychological tests offers the prospect for improving the
reliability of traditional testing, which might improve specificity. Unfortunately, practice
effects, in which subjects learn the stimuli, is a concern if different test versions are not
used. Additionally, if multiple test versions are used, nonequivalency between versions
would add variability to scores. Furthermore, serial testing adds an additional level of
logistical complexity to assessment.

For the purpose of detecting preclinical AD, automation of cognitive assessment is highly
desirable because of the large number of individuals that would need to be screened.
Unfortunately, high-throughput screening using traditional cognitive testing may not be
feasible for these reasons. The availability of computerized approaches that take advantage
of technological advances seems to be a promising solution.

Computerized batteries

The potential of computerized cognitive assessments in the elderly has yet to be fully
exploited [72]. Computerized testing may be more interesting to subjects and offers several
conceptual advantages over traditional testing. The ability to measure reaction time and to
develop tasks that minimize practice effects, and the opportunity to tailor testing to an
individual, depending upon performance, could be transformative. The use of virtual reality
for testing of visual cognition has been carried out, and offers some promise in preclinical
AD [72-74]; real-time natural language analysis is another evolving technology that holds
promise [75]. However, there are limitations to computerized testing. A lack of access to
computers, visual or motor impairment in a substantial fraction of elders, cost and reliability
are concerns. However, it seems inevitable that electronic cognitive assessment
methodology will gradually become ubiquitous. There are many computerized batteries for
cognitive assessment that are now available [76]. Despite the potential, it has yet to be
demonstrated that the conceptual advantages of computerized testing translate into greater
diagnostic accuracy or predictive ability compared with traditional means of cognitive
assessment.
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Subjective appraisal of self-functioning

Self-rating of daily functioning might be a way of detecting subtle cognitive changes in the
preclinical stage of AD. While self-report in individuals with overt cognitive impairment
suffers because of the anosognosia that accompanies emerging AD dementia, self-rating
might be a feasible strategy before loss of insight occurs. Instruments designed for
informants, such as the Functional Activities Questionnaire [77] or the Everyday Cognition
Scale [78], could be used for this purpose. A number of instruments exist to quantify self-
rating of cognitive functioning [79]. Scores on some of these instruments appear to be
associated with AD-related biomarkers [80,81] and with risk for future dementia [82-85]. It
seems possible, therefore, that low self-appraisal of one’s cognitive abilities might be a
suitable proxy for subtle cognitive impairment. On the other hand, work in the Sydney
Memory and Aging Study has found that 95.5% of nondemented participants answered at
least one question regarding their own cognitive functioning as abnormal [86]. The nature of
the appraisal of one’s own memory is inherently variable. The appraisal may be influenced
by cultural norms, mood state and social network values. Nonetheless, there are enough
studies showing that subjective memory complaints correlate with neurodegenerative
changes and with risk for future dementia, that appraisal of self-functioning ought to be
seriously considered in any battery for detecting preclinical AD.

Inventories of cognitively engaging activities

Engaging in cognitively stimulating activities has been associated with lower rates of
cognitive impairment [87-90]. While the studies conceptualized the inventories as
representations of protective activities in mid-life, one could also look upon a change in
participation in late life as an early sign of cognitive decline. As part of the process of
preclinical AD, it is possible that loss of interest in prior pastimes and loss of ability to
perform some cognitively stimulating activities as well as one did in the past, may be as
good proxies as the other options described above [88]. Combining technology with
assessment of daily activities is another experimental approach being considered.

Measuring activity in real-time

A research group at Oregon Health and Sciences University (OR, USA) have installed in-
home sensors for detecting activity levels [91]. If some of the earliest changes in preclinical
AD are apathy and loss of initiative, subtle declines in activity might be detectable with
quantitative in-home monitoring. Unless subjects were already experiencing declines, serial
measurement of activity levels, whether by questionnaires or sensors, could detect
meaningful changes. However, the specificity of the changes would have to be established
by other means, because other health issues also affect mobility and activity levels.

Defining cutoff points for preclinical AD: a dilemma with two possible

choices

Defining the cutoff points for identifying individuals at-risk for preclinical AD on any given
test will be a challenge. The cutoff point that distinguishes normal cognition from that to be
considered as abnormal for the preclinical AD definition was not discussed by the
preclinical AD task force [14]. Use of different cutpoints for different levels of age and
education are a potential solution, but the use of a series of cutpoints introduces considerable
complexity. The same problem applies to both cross-sectional and longitudinal testing.
There are probably no conceptual insights that will solve the problem; only empirical
longitudinal investigations will reveal what approaches work best.

For selecting cross-sectional cutoff points, there are two issues. First, what is the cutoff point
for defining where risk for preclinical AD begins (i.e., the cutoff point on the normal side of
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the distribution)? Second, what is the cutoff point for defining where preclinical AD ends
and, instead, MCI should be diagnosed? For the latter cutoff point, it would seem obvious
that the often-cited ‘-1.5 standard deviation’ point for defining where MCI begins would be
the value for the cutoff point where an individual would no longer meet the criteria for
preclinical AD [16]. Unfortunately, although the nature of clinical practice and use of
diagnostic criteria force us to use cutoff points, risk for future dementia across the spectrum
of cognitive function is more likely continuous, so any cutoff points are arbitrary and subject
to imprecision in risk prediction.

If serial testing were available, it would be possible, in principle, to define a rate of decline
that exceeded a ‘normal’ age-related rate. Analysis of slope requires at least three
observations over time. A very large sample size and many years of observation would be
needed to have sufficient data on individuals who eventually became demented.

The Mayo Clinic Study of Aging has begun to evaluate different cognitive cutoff points
[25]. They examined cutoff points of <5, <10 or <15% on a global cognitive variable, based
on a cognitive test score distribution from nine standard neuropsychological tests given to a
group of subjects adjudicated by a consensus clinical process to be cognitively normal. No
adjustments for age or education were used. Using either more stringent or looser definitions
changed the number of cognitively normal subjects who would be considered to meet
criteria for Stage 3 of preclinical AD. Using the unadjusted tenth percentile, they [25] found
that out of a group of 450 normal subjects, only 13 (3%) met criteria for Stage 3, preclinical
AD [14]. Longitudinal follow-up will be required to determine what cutoff points, as well as
the choice of the cognitive assessment used, are best for predicting future MCI or dementia.

Role of cognitive testing in preclinical AD therapeutic trials

Cognitive assessment will play a role in characterizing the asymptomatic subjects who
participate in trials for preclinical AD [92]. Our view is that cognitive function — as defined
by one or more of the approaches mentioned above — should be an inclusion criteria for
trials of preclinical AD as long as they are part of a set of criteria that also include
biomarkers of AD pathophysiology, such as abnormal amyloid imaging and evidence for
neurodegeneration. As a general principle, lower levels of cognitive functioning, on any
measure, in subjects with abnormal AD biomarkers are likely to increase the probability of
cognitive decline over the course of a trial.

One strategy might be to use tests of cognitive functioning to exclude persons who are too
cognitively intact. Alternatively, low cognitive functioning could serve as an inclusion
criterion. Choosing the proper test instruments, the proper cutoff points and the best way to
account for different levels of age and education are going to be difficult issues. A third
option, recruiting subjects and following them for 2 years to select those who decline before
administering therapy, would be a very novel and innovative approach but one for which
actual implementation would be challenging.

Detecting preclinical AD will need to take place on several different levels, including the
clinical trial situation and the routine clinical practice setting. The two will have to have
some similar structure for the former to match the latter for regulatory purposes. APOE
genotyping and biomarker determinations will almost certainly be part of the process.
Whether cross-sectional or longitudinal evaluation of potential at-risk individuals will be the
common approach will be determined by feasibility and experience.
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Ethics & the diagnosis of preclinical AD

At the present time, the term preclinical AD should not be used in clinical practice. There
are too many uncertainties surrounding its prognosis. Nonetheless, genetic and biomarker
tests are being directly marketed to consumers, and so the question of clinical significance is
being forced upon us. Those with a family history of AD often perceive themselves to be at
increased risk (the stronger the family history, the greater the risk perception [93]) and so
may be more likely to be attracted by such marketing. Insights gained regarding the efficacy
and safety of such testing, and specifically, APOE genotype disclosure, derive from the
REVEAL study.

REVEAL has taught us that levels of distress related to disclosure or nondisclosure are
similar, and post-test levels of distress correlate strongly with pretest levels [94]. A total of
9% of participants with no significant psychiatric problems developed one within a year
[95], and among the three e4 homozygotes included, two developed clinically significant
psychological distress (although the relationship to genetic disclosure itself was not certain)
[96]. As to its perceived value, among those receiving information about their APOE
genotype and its implications for AD risk, 40-50% forgot this information after a year [94],
and in a more recent analysis, only 41% of REVEAL participants agreed they would be
willing to pay at least US$100 for AD-related genetic testing if it were offered clinically
[97]. We tend to overestimate our risk for AD, so such programs might help patients worry
less, but individuals discovering they are e4-positive experience far greater levels of distress
and revise their pretest misperceptions of their own risk far less than those discovering they
are ed-negative [94,96]. Those discovering they are e4-positive are more likely to alter their
lifestyle in favor of AD-related healthy habits [98], although it is unclear whether such
lifestyle changes offer any AD-related benefits.

Future perspective

We believe that the concept of preclinical AD will be a major focus of research in late-life
cognitive disorders in the future. There are many challenges ahead before preclinical AD
becomes a valid target of diagnosis and therapeutics, but we see it as inevitable because of
the difficulties of treating diseases, such as AD, once they become symptomatic. Because of
a growing research focus, operationalizing the concept of preclinical AD will soon occur
[99,100].
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Practice Points

The newly developed framework for preclinical Alzheimer’s disease (AD)
also includes the recognition that some individuals with preclinical AD may
have subtle cognitive decline.

The subtle cognitive decline in preclinical AD includes alterations in learning
and delayed recall.

Detecting preclinical AD will be very difficult in individual cases because of
the many variations in cognitive performance caused by educational
background, the effects of other brain diseases and inherent variability in
neuropsychological test performance.

Traditional neuropsychological testing may be able to detect subtle cognitive
decline in preclinical AD.

Newer approaches, including computerized testing and measurement of daily
activities using wireless monitoring, are interesting new approaches for
detecting subtle cognitive decline but require further testing in selected
cohorts before their proper role is known.

The ethics of disclosing a diagnosis of preclinical AD is an area that requires
further thought and consensus building.
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B-amyloidosis

Neurodegeneration

Stage 2

Figure 1. A graphic depiction of the National I nstitute on Aging and the Alzheimer Association
model of preclinical Alzheimer’s disease

The size of the circles should not be construed as representing the relative proportions of
subjects meeting the criteria. Stage 1 represents B-amyloidosis. Stage 2 represents
neurodegeneration in the setting of B-amyloidosis. Stage 3 represents cognitive decline in
the setting of both B-amyloidosis and neurodegeneration. The Venn diagram depicts how
neurodegeneration in Stage 2 is conditioned on the presence of abnormal levels of -
amyloidois, and how cognitive decline denoting Stage 3 is conditioned on the joint presence
of abnormalities of both amyloid and neurodegeneration biomarkers.

Data taken from [14].

Neurodegener Dis Manag. Author manuscript; available in PMC 2012 November 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Knopman and Caselli

Page 18

140 /

Cases per 1000 person-years

120
100

80- v
60 - _—
40— -

/’/ a— = —
2 -
= ————a
0-= T I I | I |
60-64 65-69 70-74 75-79 80-84 85-89 90-94 95+
Age groups

Figure 2. Incidence of Alzheimer’s disease dementia

Solid line shows incidence rates; dashed lines represent the 95% Cls. The same rates of
preclinical Alzheimer’s disease would be seen 15-20 years earlier. The point estimates of
incidence (per 1000 person-years) by 5-year age brackets are: 0.58 (60-64 years); 1.86 (65—
69 years); 5.06 (70-74 years); 11.74 (75-79 years); 23.1 (80-84 years); 38.58 (85-89 years);
54.88 (90-94 years); and 66.85 (95+ years).

Data taken from a meta-analysis [24].
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Figure 3. Normative data from the delayed recall assessment of the auditory verbal learning test
from Mayo’'s Older Adults Normative Study

The solid line represents the mean of delayed recall raw scores, and the dashed lines
represent one standard deviation.

Adapted with permission from [33].
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Study population Findings Ref.

Genetically at-risk subjects

APOE e4 carriers (n = 317) Declines in delayed recall on word-list learning (auditory verbal learning test); no change in [9]
letter fluency or spatial estimation in judgment of line orientation

APOE e4 carriers (n = 265) Only minimal evidence of frontal dysfunction (on paced auditory serial attention task) in [30]
preclinical subjects

E280A PSI carriers (n = 30) Novel memory test of ‘feature binding’ — learning associations between features of to-be- [13]
remembered material — on a visual short-term memory task

A431E or L235V PS/carriers (n =30)  All tests impaired; did not separate by age versus age of onset in affected members of kindred ~ [11]

Retrospective studies of individuals who became demented

Case—control (IL, USA) 5-6 years prior to diagnosis: global decline accelerated; working and semantic memory [1]
slightly earlier in persons destined to become demented

Case—control (France) 12 years prior to diagnosis: impairment in semantic memory and concept formation in persons [2]
destined to become demented

Case—control (Canada) 5-10 years follow-up short delayed verbal recall, animal fluency, information predicted [4]
dementia

Case—control (NY, USA) >4 years follow-up: selective reminding test + Fuld Object Memory test + digit symbol [3]
substitution test + category (semantic) fluency predicted dementia

Case—control (MA, USA) 22-year follow-up: measures of new learning, recall, retention, abstract reasoning predicted [5]
dementia. Lower scores for measures of abstract reasoning and retention predicted AD
dementia after a dementia-free period of 10 years

Case—control (MO, USA) Up to 27 years of observation of cohort: a decline in cognitive function observed at 3 years [6]
(visuospatial), 2 years (global composite) and 1 year (verbal and working memory)

Case—control (MD, USA) Up to 15 years of observation: declines in performance on tests of episodic memory [7]
accelerated 7 years before diagnosis. Declining performance on tests of executive function
accelerated 2-3 years before diagnosis

Case—control (PA, USA) 8-year follow-up: poorer scores in all cognitive domains in those subsequently diagnosed with [8]

AD dementia compared with subjects who remained nondemented

AD: Alzheimer’s disease.
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cerebrospinal fluid amyloid.
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homozygotes, 8 heterozygotes

Subject group Findings Ref.
32 subjects (mean age: 72 years) Participants with a PIB-positive scan performed 0.8 standard deviations worse [18]
on the composite episodic memory score than PIB-negative participants
20 subjects (mean age: 72 years) from University of  PIB levels correlated with episodic memory score in Berkeley but not ADNI [26]
California, Berkeley (CA,USA) and 17 subjects subjects
from the ADNI (mean age: 78 years)
43 subjects (age range: 65-88 years) No cognitive changes in PIB-positive groups [20]
66 subjects (mean age: 73 years) There was little or no overall relationship between amyloid burden and [21]
performance on neuropsychological tests, but in persons with low cognitive
reserve there was a strong inverse relationship of amyloid burden to memory
40 subjects with low CSF B-amyloid from the No differences in any cognitive test score except a difference on Trailmaking [27]
ADNI (mean age: 76 years) part B
51 subjects (mean age: 79 years) who had been Higher PIB levels were associated with prior longitudinal decline on [28]
followed prior to PET MiniMental State Examination, learning and delayed free recall on California
verbal learning test
28 subjects (mean age: 64 years), 8 APOE e4 Despite higher levels of PIB binding in the homozygotes, there were no [29]

cognitive differences in homozygotes, heterozygotes and noncarriers

ADNI: Alzheimer’s Disease Neuroimaging Initiative; CSF: Cerebrospinal fluid; PIB: Pittsburgh compound B.
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Factors that add to difficulty in detecting preclinical Alzheimer’s disease.

Factors

Putative mechanisms of interaction with
AD
pathophysiology

Putative mechanisms of interaction with
cognitive decline

Cognitive aging

Age increases AD pathophysiology

Age is associated with decline in many cognitive
functions

Innate intelligence (education)

Higher education or high childhood
socioeconomic status might protect against
AD pathophysiology or cerebrovascular
pathology

Lower life-long intellect and lower educational
attainment depress cognitive test scores

Non-AD pathologies

High burdens of non-AD pathologies lower
threshold for AD pathophysiology-induced
cognitive decline

Non-AD pathologies might affect cognitive domains
not ordinarily impacted by AD pathophysiology

Vascular risk factors

High burdens of non-AD pathologies lower
threshold for AD pathophysiology-induced
cognitive decline

Vascular pathologies might affect cognitive domains
not ordinarily impacted by AD pathophysiology

MCI due to AD, not correctly
diagnosed

A more advanced stage of AD
pathophysiology

Diagnostic imprecision

Hearing and visual loss

None

Impair test performance independently of level of
cognitive function

AD: Alzheimer’s disease; MCI: Mild cognitive impairment.
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