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Cognition in Preclinical Dementia:
Current Knowledge and Future Prospects

Lars Biackman
(Aging Research Center, Karolinska Institutet, Stockholm, Sweden)

Abstract: In this article, I discuss the cognitive transition from normal aging to dementia -- a period often
referred to as the preclinical phase of dementia. Research shows marked preclinical cognitive deficits several
years before diagnosis in both Alzheimer’s disease and vascular dementia. The most pronounced prodromal
impairment is observed for measures of episodic memory, speed, and executive functioning. The global nature
of the impairment is consistent with neurobiological evidence that multiple lesions in limbic and neocortical
regions. Despite large mean-level differences between cases and controls long before diagnosis, the performance
distributions for the two groups overlap to a large degree. An important task for future research is to find means
by which to decrease this overlap. This could be accomplished by combining cognitive and other (e.g.,
brain-based, genetic, clinical, social) markers into the prediction models. Other pressing issues for future
research include (a) delineating the point at which precipitous decline normally occurs during the preclinical
period; (b) asesssing individual differences in rate of change from preclinical to clinical dementia; and (c)
determining how the strength of the association between a certain factor and subsequent dementia varies as a
function of time to diagnosis.
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Preclinical Cognitive Deficits in impaired cognition prior to the AD diagnosis has
Alzheimer’s Disease centered around episodic memory (Béckman et al.,

In the typical study addressing preclinical 2004). This form of memory deals with the conscious

. . . retrieval of information acquired at a certain time in
cognitive deficits in dementia, a group of older d

. a certain place (e.g., recall of a list of words
persons who are non-demented at baseline P (eg.,

. . . in the 1 ; Tulvi 1 A
assessment is followed over a specified time interval encountered in the laboratory; Tulving, 1983)

(c.¢., 4 years). If the study sample is old enough and logical reason for the focus on episodic memory in
prodromal AD is that there is evidence from
histopathology (Braak & Braak, 1995; Van Hoesen et

al., 1999), structural imaging (Fox et al., 1996;

large enough, a certain number of persons will,
unfortunately, be diagnosed with dementia at

follow-up assessment. The key issue is whether these
Visser et al., 1999), and functional imaging (e.g.,

Backman et al., 1999; Grady et al., 2001) that the
hippocampus and neigboring regions (e.g., entorhinal

incident dementia cases differed from those who
remained non-demented at follow-up already at

baseline assessment. The simple answer to that ) '
T, cortex) are affected early on in the disease process.
question is “yes. ) ) )
.. .. L Evidence from lesion studies (e.g., Vargha-Khadem
Preclinical cognitive deficits in AD have been ) ) )
.. . . et al., 1997) and functional imaging research (e.g.,
documented several years before a clinical diagnosis

Nyb t al., 1996) st ly implicate th
of dementia may be rendered. Much of the interest in yberg et - al, ) strongly implicate ©

hippocampal complex in episodic remembering.

In agreement with these assertions, there is
Received date: 2009-03-17 pervasive support for the view that episodic memory,
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Fratiglioni, 2001; Rubin et al., 1998) or recognition
(Chen et al., 2001; Howieson et al., 1997), is
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severely impaired many years before the AD
diagnosis. At the same time, it is clear that
preclinical deficits in AD are not restricted to
episodic memory. Thus, impaired performance
during the preclinical period has been observed for
tasks assessing executive functioning (Blacker et al.,
2007), perceptual speed (Fabrigoule et al., 1998),
verbal ability (Jacobs et al., 1995), visuospatial skill
(Small et al., 1997), and attention (Linn et al., 1995).
Consistent with these patterns, preclinical deficits
have been documented for composite measures of
cognitive ability (Fabrigoule et al., 1998) as well as
for global indicators of cognitive functioning such as
the Mini-Mental State Examination (Small, Viitanen,
& Béckman, 1997).

Meta-Analytic Evidence

In a quantitative integration of this literature
based on a total of 47 studies (1,207 preclinical AD
cases and 9,097 controls), we examined potential
differences across cognitive domains with regard to
the size of the preclinical impairment (Bdckman et al.,
2005). Here we also investigated differences in
degree of impairment as a function of age of
dementia onset, length of follow-up interval,
sampling method (population-based vs. convenience
sample), and whether or not subjects were classified
with cognitive deficits (e.g., mild cognitive
impairment) at baseline assessment. Finally, we were
interested in whether task characteristics within the
key domain of episodic memory (i.e., immediate vs.
delayed testing; recall vs. recognition; verbal vs.
non-verbal materials) had an impact on the degree of
preclinical impairment.

Several aspects of the data from this study
should be highlighted. First, the effect sizes
(expressed in Cohen’s d, which is computed as the
mean performance difference between cases and
controls divided by the pooled standard deviation;
Cohen, 1988) were remarkably large (d > 1.0) and
virtually identical for the domains of episodic
memory, executive functioning, and perceptual speed,
as well as for global cognitive functioning.
Somewhat smaller, albeit sizable, effect sizes (d =
0.7) were obtained for verbal ability, visuospatial
skill, and attention, whereas no group differences

were seen for measures of primary memory. The

latter finding is expected in view of the fact that this
form of memory is well preserved even among early
clinical AD patients (Simon et al., 1995).

Thus, from these data it is clear that episodic
memory does not have a unique status as an indicator
of impending AD. Rather, the findings suggest that
the preclinical phase is characterized by a rather
generalized cognitive impairment. Given this pattern
of findings, it is of interest to note that, although
much of the neurobiological work in this area has
targeted the medial-temporal lobe, evidence indicates
that multiple brain structures and functions are
affected long before the AD diagnosis. Specifically,
preclinical AD is associated with reductions of
grey-matter volume (Apostolova et al.,, 2006),
decreased blood flow (Encinas et al., 2003), and
reduced glucose metanolism (Jagust et al., 2006) in
neocortical areas, including the frontal, parietal, and
temporal cortices. Further, an increased amyloid
burden (Rowe et al., 2007) as well as an increased
number of neurofibrillary tangles (Markesbery et al.,
2006) have been observed throughout the neocortex
many years before diagnosis. Persons at risk for
developing AD also exhibit reduced activation of
specific ~ parietal regions  during  semantic
classification (Lind et al., 2006). Finally, general
alterations of brain function in preclinical AD have
been demonstrated, such as increases in white-matter
hyperintensities (Wolf et al., 2000), and a reduction
of whole-brain glucose utilization (Silverman et al.,
2001). The obvious point, then, is that the
generalized cognitive impairment in preclinical AD
revealed in our meta-analysis (Backman et al., 2005)
makes perfect sense in view of the multifaceted and
widespread brain alterations in these individuals.

This analysis also showed that the magnitude of
cognitive impairment was larger for earlier-onset (<
75 years) than for later-onset (75+ years) cases. This
may reflect more severe brain lesions in earlier-onset
cases (Mann, 1994), that the controls perform at
lower levels in higher ages (Bickman et al., 2000)
restricting the room for further deterioration in
preclinical AD, or a combination of the two. A more
trivial observation was that the size of the preclinical
impairment was greater for shorter (= 2 years before

diagnosis) than for longer (= 5 years before diagnosis)
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follow-up intervals. That said, quite sizable
impairments (d = 1.0) were seen even in studies
employing longer retest periods. Further, the degree
of impairment generalized well across study samples
and participant

(population-based, convenience)

status (non-classified, classified with cognitive
impairment). Finally, within the episodic memory
category, delayed testing revealed larger effect sizes
than immediate testing and recall yielded larger
effect sizes than recognition. In turn, these results
may reflect the facts that (a) preclinical AD is
associated with deficits memory consolidation, and
(b) retrieval problems are present in preclinical AD,
difficulties in

in addition to encoding and

consolidation.

Preclinical Cognitive Deficits in Vascular

Dementia
Relatively little empirical attention has been
directed at potential preclinical cognitive markers in
VaD. This is an unfortunate lacuna, beacuse many
(e.g.,
amenable to treatment to a degree that is not true in

vascular risk factors hypertension) are
AD. For several reasons, a preclinical phase with
cognitive problems is to be expected also in VaD,
and these problems may mimic those observed in
preclinical AD. First, different forms of vascular
alterations are known to affect cognition in the
absence of dementia, including hypertension,
atherosclerosis, diabetes, white-matter lesions, “silent”
strokes, and cardiovascular signs (Jonsson Laukka et
al., 2009). Given that VaD develops

combined effects of different vascular mechanisms

through

that influence cognitive performance, it is reasonable
to expect cognitive deficits before the condition
threshold. Second,

evidence suggests that a sizable proportion of

reaches its clinical autopsy
patients diagnosed with AD or VaD exhibit brain
pathology characteristic of the other disorder, and
some degree of cerebrovascular pathology is present
in almost all AD cases (de la Torre, 2002; Kalaria &
Ballard, 1999). Third, given that early clinical AD
and VaD patients show strikingly similar patterns of
cognitive impairment (Almkvist et al., 1999;

Fahlander et al., 2002; Hassing & Badckman, 1997),

similarities in preclinical manifestations might be
expected as well.

Those studies that have addressed cognition
before the VaD diagnosis demonstrate quite a
consistent pattern, indicating preclinical deficits in
VaD that resemble those observed in AD. Thus, for
both global cognitive ability (Meyer et al., 2002a,
2002b) and episodic memory (Ingles et al., 2002;
Sacuiu et al., 2005) clear deficits have been reported
among those who will be diagnosed with VaD years
before diagnosis, and the size of these deficits is
similar to that reported for preclinical AD (Jonsson
Laukka et al., 2009).

In several studies, we have systematically
compared preclinical VaD and AD patients regarding
the timing and extent of preclinical cognitive deficits.
In two studies, we compared cognitive functioning in
preclinical VaD, preclinical AD, and normal controls
three years before the dementia diagnosis. The VaD
diagnosis was mainly a diagnosis of post-stroke
dementia (multi-infarct dementia or strategic single
infarct). A key finding was that cognitive deficits
were present three years before the diagnosis of VaD,
both for a measure of global cognition (Jones et al.,
2004) and for measures of episodic memory
functioning (Laukka et al., 2004b). Further, the
pattern of cognitive deficits in preclinical VaD was
similar to that observed in preclinical AD, and there
were no significant differences in cognitive
performance between the two dementia groups.

In Laukka et al. (2004b), a comprehensive
cognitive test battery was administered. The general
pattern indicated poorer cognitive performance for
both preclinical dementia groups compared to the
controls. However, whereas the preclinical AD group
performed worse than the controls on measures of
episodic memory, verbal fluency, and visuospatial
functioning, the preclinical VaD group showed
deficits only on the episodic memory measures (word
recall and recognition and face recognition). These
results suggest a somewhat more pronounced
cognitive deficit in preclinical AD. However, again
there were no reliable differences between the two
dementia groups in any task, and both groups showed
the most episodic

pronounced impairment in

memory.
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Further, similar levels of impairment in AD and
VaD (Jonsson Laukka et al., 2004a; Small et al.,
2000) were also demonstrated for a measure of
global cognitive functioning six years before
diagnosis. An exception to this pattern was observed
in a study comparing the effect of preclinical
dementia in two verbal fluency tasks. Although both
preclinical dementia groups showed poorer
performance on letter fluency, the preclinical VaD
persons outperformed the preclinical AD persons on
category fluency three years before diagnosis (Jones
et al., 2006). The finding that the preclinical AD
persons were disproportionally impaired in category
fluency is in agreement with observations that the
medial-temporal lobe is taxed in this task (Mungas et
al., 2001; Pihlajamiki et al., 2000). A possible reason
thereof is that the search process in a category
fluency task (in this case supermarket fluency)
invokes personal experiences and thus involves
Given that the
medial-temporal lobe is relatively more affected in
preclinical AD compared to VaD (Braak & Braak,
1995; Fox et al., 1996), this might explain the larger

category fluency impairment for the preclinical AD

episodic memory retrieval.

persons.

Two points should be made regarding the
generally similar patterns of preclinical cognitive
impairment in VaD and AD. First, the relevant
research largely involves VaD patients of the
post-stroke dementia type. The likelihood of
observing differential patterns (e.g., larger episodic
memory impairment in preclinical AD and larger
executive impairment in preclinical VaD) may be
greater in VaD of subcortical origin (Jonsson Laukka
et al., 2009; Kramer et al., 2002). Second, the similar
patterns observed in preclinical VaD and AD (e.g.,
large episodic memory problems) do not necessarily
imply alterations in similar neural circuitries.
Episodic remembering draws on a large distributed
network, including prefrontal and medial-temporal
regions (e.g., Cabeza & Nyberg 2000). Alterations at
any one location in this network may cause episodic
memory impairment. To illustrate this point, a study
comparing AD and subcortical stroke patients
observed a double dissociation between memory
dysfunction and regional glucose metabolic activity:

Whereas performance on an episodic memory task
and middle-

temporal gyrus metabolism in AD patients, it

correlated with left-hippocampal
correlated with prefrontal lobe metabolism in
patients with subcortical stroke (Reed et al., 2000).
Thus, the same cognitive deficit may have different
neurological

underpinnings depending on the

etiology of the disorder.

Large Overlap Between Preclinical Cases

and Controls

Although mean levels of cognitive performance
differ markedly between preclinical dementia cases
and controls many years before diagnosis, the
performance distributions between these two groups
overlap to a large degree. For example, in the
meta-analysis on preclinical AD discussed above
(Béackman et al., 2005), effect sizes larger than 1.0
were documented for episodic memory, executive
functioning, and speed. Nevertheless, nearly half of
the samples (preclinical AD vs. controls) overlapped
in performance for these task domains. Although this
is bad news from a clinical perspective (e.g.,
regarding the possibility for early identification of
specific individuals at risk), a pattern of overlapping
distributions should be expected for at least two
reasons. First, deficient cognitive functioning may
have multiple origins in addition to being in a
These

demographic and social factors (e.g., low education

prodromal phase of dementia. include
and activity levels), but also psychiatric, metabolic,

immunological, and  hormonal  disturbances
(Backman et al., 2004). As a result, some persons
who perform at low levels in cognitive tasks will be
misclassified as at-risk individuals, despite the fact
that they will not convert to clinical dementia during
the follow-up period.

Conversely, persons who will be diagnosed with
AD vary both in terms of onset of precipitous decline
and rate of change during the preclinical period
(Backman et al., 2003; Backman & Small, 2007;
Rubin et al., 1998). In particular, incident AD cases
who exhibit relatively normal cognitive performance
until shortly before follow-up when decline occurs

very rapidly will be difficult to catch (Palmer et al.,
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2008). Consistent with these observations, several

studies demonstrate that persons classified as
(e.g., mild

impairment; cognitive impairment, no dementia)

cognitively  impaired cognitive
differ greatly with regard to future cognitive changes
(Helkala et al., 1997; Hong et al., 2003; Palmer et al.,
2002; Palmer et al., 2003) For example, Palmer et al.
(2002) found that, although a sizable portion of their
cognitively impaired sample progressed to dementia
across a three-year period, an equally large portion
their

performance over the same time frame. Obviously,

remained stable or improved cognitive
such facts hamper the utility of cognitive tests in the
early identification of persons at risk of developing
dementia. Means by which to increase the clinical
usefulness of cognitive and other markers of
incipient dementia are discussed in a subsequent

section.

The Trajectory of Preclinical Cognitive

Decline

An important unresolved in the identification of
at-risk individuals concerns the time period during
which precipitous decline occurs among those who
will develop dementia. Although there is consensus
that incident AD persons show accelerated cognitive
decline during the last 2-3 years before diagnosis
(Backman et al., 2001; Chen et al., 2001; Small et al.,
2000), evidence is mixed as to whether precipitous
decline is observed longer before diagnosis. Stability
of the magnitude of preclinical impairment from 6 to
3 years before diagnosis has been observed for
measures of episodic memory (Béckman et al., 2001)
and global cognitive ability (Small et al., 2000; see
also Small & Bickman, 2007) in AD and more
recently also in VaD (Jonsson Laukka et al., 2004a).
Similarly, Amieva and colleagues (2005) reported
differences between preclinical AD cases and
controls on tests of memory and global cognitive
ability 9 years prior to diagnosis, and that cognitive
decline for the preclinical AD group began to
accelerate around 3 years prior to diagnosis.

However, other evidence suggests that
precipitous decline may occur in persons who will be

diagnosed with AD longer before diagnosis. In two

studies (Hall et al.,, 2000; Hall et al.,, 2001)

accelerated decline in episodic memory was
demonstrated more than 5 years before diagnosis,
although speeded measures of performance IQ
exhibited accelerated decline around 2 years before
diagnosis (see also Jorm et al., 2005). Several factors
may contribute to the equivocal findings, including
the nature of the study sample. Conceivably,
accelerated cognitive decline longer before diagnosis
is more likely to be observed when strict selection
with other

conditions that affect cognitive functioning) are

criteria (e.g., removal of persons
employed. Moreover, the number of measurement
points during the preclinical period may affect the
probability of observing a nonlinear change function.
Amieva et al. (2005) evaluated persons annually over
a 9-year period prior to diagnosis and applied
sophisticated random-effects models to evaluate
changes in functioning. This data-intensive design
allows for a more detailed view into the nature of
AD. More

information pertaining to this issue is critical in order

cognitive decline in preclinical
to achieve a better understanding of the preclinical
process in AD and VaD, and to improve early
differentiation between cases and controls (Small et

al., 2008).

Avenues for Future Research

In the following, I will highlight a number of
research issues that are vital in furthering our
theoretical understanding of the transition from
normal aging to dementia, as well in increasing the
clinical utility of such research. As noted, although
mean cognitive scores of preclinical dementia cases
and controls differ markedly years before diagnosis,
the two groups still overlap to a considerable extent.
That said, it should be noted that the meta-analytic
evidence showing overlap scores around 50 % was
based on individual cognitive domains (e.g., episodic
memory). There is evidence that the identification of
individuals increases

at-risk greatly (with a

concomitant decrease in overlap) when tasks
assessing different cognitive domains (e.g., episodic
memory, executive functioning, semantic memory)

are incorporated into the same prediction model
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(Chen et al., 2001; Small et al., 1997). Thus, the
overlap scores reported by Bidckman et al. (2005)
represent an underestimation of what could be
achieved by intelligent selection of cognitive tasks.
Further, to minimize the overlap between cases
should consider

and controls, future research

supplementing cognitive markers of incipient
dementia with indicators from other domains that
have been linked to dementia incidence. These
include multiple measures of brain structure and
function such as volumetric measures (Apostolova et
al., 2006; van der Flier et al., 2002), glucose
metabolism (Jagust et al., 2006; Silverman et al.,
2001), blood flow (Encinas et al., 2003; Kogure et al.,
2000), markers of amyloid deposition (Klunk, 1998;
Rowe et al., 2007 and neurofibrillary tangles (Klunk,
1998; Markesbery et al., 2006), as well as
white-matter alterations (Huang & Auchus, 2007;
Yoshita et al, 2006). Markers for

predisposition such as presence of the APOE-g4

genetic

allele (Farrer et al., 1997), subjective memory
complaints (Palmer et al., 2003), family reports of
cognitive impairment (Daly et al., 2000), depressive
symptoms (Berger et al., 1999), as well factors such
2000)
2003),
physical activity levels (Rovio et al., 2005), and
susceptibility to distress (Wilson et al., 2003) should
also be considered in this context.

as social isolation (Fratiglioni et al.,

intellectual engagement (Crowe et al.,

In applying such hybrid models in identifying
persons at risk for developing dementia, the key issue
is whether certain combinations of cognitive,
biological, genetic, clinical, and social markers will
increase prediction accuracy beyond what is achieved
at the level of single categories of markers. Logically,
improved differentiation will occur to the extent that
the factors included contribute unique variance in
group classification. Further, it will be of great
interest to examine whether there are interactions
between different classes of markers with regard to
the probability of a future dementia diagnosis. For
example, could it be that an unfavorable situation
with regard to certain factors (e.g., carrying the
APOE-¢g4 allele, poor episodic memory) is offset by
more favorable conditions for other factors (e.g., rich

social network, low amyloid burden)? Relatedly, will

several unfavorable characteristics lead to increased
cognitive decline and risk of dementia to a degree
that is not predicted from an individual evaluation of
the factors?

We also need more data pertaining to the
trajectory of decline during the transition from
preclinical to clinical dementia (e.g., “Is the decline
function linear over many years or does exacerbated
loss occur only during the last few years preceding
diagnosis”? An important issue related to this point
concerns individual differences regarding rate of
decline in preclinical dementia. Clinical observations
suggest that some individuals show accelerated
decline for only a short period of time before
diagnosis, whereas others show gradual decline
across a much longer time period. However, in
investigating factors that are systematically related to
rate of cognitive change in preclinical dementia,
negative findings have been documented for a variety
of factors, including age, sex, education, depression,
APOE
deficiency, and social network (Backman et al., 2003;
Storandt et al., 2002; Wilson et al., 2000). Notably,
many of these factors have been implicated as risk

status, circulatory disease, vitamin B

factors for AD, or been found to influence cognitive
performance in normal aging. The negative findings
may reflect the fact that the
individual-difference

influence of
variables on  cognitive
performance is overshadowed by the emerging
disease process itself. However, they could also be a
function of the analytical methods employed (e.g.,
ANOVA or regression procedures). More recently
developed analytical tools such as multilevel
modeling may be more sensitive in identifying
factors that share systematic relationships with rate
of cognitive change in preclinical dementia. If such
relationships were to be revealed, they would be
extremely valuable in early identification of people
destined to develop dementia.

The use of multilevel modeling will also permit
addressing a fundamental issue regarding the
development of AD and VaD; namely, whether a
certain factor linked to the future occurrence of
dementia (e.g., poor episodic memory, depressive
symptoms, low social activity levels) should be

characterized as a risk factor or as an early marker.
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This constitutes a recurrent source of ambiguity in
this field of research, for it is often difficult to
differentiate between these possibilities. However,
by using multi-wave longitudinal data, it should be
possible to determine the extent to which certain
variables remain stable, increase, or decrease in
importance as a function of time to diagnosis,
regarding their relationship to final dementia status.
Thus, by systematically examining whether different
markers change in the strength of the association to
dementia outcome as a function of time to diagnosis,
more precise knowledge regarding the nature of
dementia-related correlates will be obtained.

In summary, outstanding issues in future research
on preclinical dementia include (a) evaluating
multifactorial prediction models of incidence; (b)
delineating the point at which precipitous decline
normally occurs during the preclinical period; (c)
asesssing individual differences in rate of change from
preclinical to clinical dementia; and (d) determining
how the strength of the association between a certain
factor and subsequent dementia varies as a function of
time to diagnosis. For all these research problems, it
will be of great interest to elucidate differences and
similarities concerning patterns of outcome between

AD and VaD.

Acknowledgments

Preparation of this article was supported by
grants from the Swedish Council for Working Life
and Social Research and from Swedish Brain Power.

References

Almkvist, O., Fratiglioni, L., Agiiero-Torres, H., et al. (1999).
Cognitive support at episodic encoding and retrieval: Similar
patterns of utilization in community-based samples of Alzheimer’s
disease and vascular dementia patients. Journal of Clinical and
Experimental Neuropsychology, 21, 816—-830.

Amieva, H., Jacqmin-Gadda, H., Orgogozo, J. M., et al. (2005). The
9-year cognitive decline before dementia of the Alzheimer type: A
prospective population-based study. Brain, 128, 1093-1101.

Apostolova, L. G., Lu, P. H., Rogers, S., et al. (2006). 3D mapping of
Mini-Mental State Examination performance in clinical and
preclinical Alzheimer’s disease. Alzheimer Disease & Associated
Disorders, 20, 224-231.

Biackman, L., Andersson, J., L. R., Nyberg, L., et al. (1999). Brain
regions associated with episodic retrieval in normal aging and
Alzheimer’s disease. Neurology, 52, 1861-1870.

Backman, L., Jones, S., Berger, A.-K., et al. (2004). Multiple
cognitive deficits during the transition to Alzheimer’s disease.
Journal of Internal Medicine, 256, 195-204.

Bédckman, L., Jones, S., Berger, A.-K., et al. (2005). Cognitive
impairment in preclinical Alzheimer’s disease: A meta-analysis.
Neuropsychology, 19, 520-531.

Bédckman, L., Jones, S., Small, B. J., et al. (2003). Rate of cognitive
decline in preclinical Alzheimer’s disease: The role of
comorbidity. Journal of Gerontology: Psychological Sciences, 58,
228-236.

Backman, L., & Small, B. J. (2007). Cognitive deficits in preclinical
Alzheimer’s disease and vascular dementia: Patterns of findings
from the Kungsholmen Project. Physiology & Behavior, 92, 80-96.

Béckman, L., Small, B. J., & Fratiglioni, L. (2001). Stability of the
preclinical episodic memory deficit in Alzheimer’s disease. Brain,
124, 96-102.

Bickman, L., Small, B. J., Wahlin, A., & Larsson, M. (2000).
Cognitive functioning in very old age. In F. I. M. Craik & T. A.
Salthouse (Eds.), Handbook of aging and cognition (Vol. 2, pp.
499-558). Mahwah, NJ: Erlbaum.

Berger, A.-K., Fratiglioni, L., Forsell, Y., et al. (1999). The
occurrence of depressive symptoms in the preclinical phase of AD:
A population-based study. Neurology, 53, 1998-2002.

Blacker, D., Lee, H., Muzikansky, A., et al. (2007).
Neuropsychological measures in normal individuals that predict
subsequent cognitive decline. Archives of Neurology, 64, 862-871.

Braak, H., & Braak, E. (1995). Staging of Alzheimer disease-related
neurofibrillary tangles. Neurobiology of Aging, 16, 271-284.

Cabeza, R. & Nyberg, L. (2000). Imaging cognition II: An empirical
review of 275 PET and fMRI studies. Journal of Cognitive
Neuroscience, 12, 1-47.

Chen, P., Ratcliff, R., Belle S. H., et al. (2001). Patterns of cognitive
decline in pre-symptomatic Alzheimer’s disease: A prospective
community study. Archives of General Psychiatry, 58, 853—858.

Cohen, J. (1988). Statistical power analysis for the behavioral
sciences. Hillsdale, NJ: Erlbaum.

Crowe, M., Andel, R., Pedersen, N., et al. (2003). Does participation
in leisure activities lead to reduce risk of Alzheimer’s disease: A
prospective study of Swedish twins. Journal of Gerontology:
Psychological Sciences, 58, 249-255.

Daly, E., Zaitchik, D., Copeland, M., et al. (2000). Predicting
conversion to Alzheimer's disease using standardized clinical
information. Archives of Neurology, 57, 675-680.

DeKosky, S. T. (2003). Early intervention is key to successful
management of Alzheimer’s disease. Alzheimer Disease &
Associated Disorders, 17, 99-104.

de la Torre, J. C. (2002). Alzheimer’s disease as a vascular disorder:
Nosological evidence. Stroke, 33, 1152-1162.

Encinas, M., de Juan, R., Marcos, A., et al. (2003). Regional cerebral
blood flow assessed with Tc-99m-ECD SPET as a marker of
progression of mild cognitive impairment to Alzheimer’s disease.
European Journal of Nuclear Medicine and Molecular Imaging,
30, 1473-1480.

Fabrigoule, C., Rouch, I., Taberly, A., et al. (1998). Cognitive
processes in preclinical phase of dementia. Brain, 121, 135-141.
Fahlander, K., Wahlin, A., Almkvist, O., et al. (2002). Cognitive
functioning in Alzheimer’s disease and vascular dementia: Further
evidence for similar patterns of deficits. Journal of Clinical and

Experimental Neuropsychology, 24, 734-744.

Farrer, L. A., Cupples, L. A., Haines, J. L., et al. (1997). Effects of
age, sex, and ethnicity on the association between apolipoprotein
E genotype and Alzheimer disease. A meta-analysis. Journal of
the American Medical Association, 278, 1349-1356.

Fox, N. C., Warrington, E. K., Freeborough, P. A., et al. (1996).
Presymptomatic hippocampal atrophy in Alzheimer’s disease.
Brain, 119, 2001-2007.



11 # Cognition in Preclinical Dementia: Current Knowledge and Future Prospects 1047

Fratiglioni, L., Wang, H. X., Ericsson, K., et al. (2000). Influence of
social network on occurrence of dementia: A community-based
longitudinal study. Lancet, 355, 1315-1319.

Grady, C. L., Fuery, M. L., Pietrini, P., et al. (2001). Altered brain
functional connectivity and impaired short-term memory in
Alzheimer’s disease. Brain, 124, 739-756.

Hall, C. B,, Lipton, R. B., Sliwinski, M., et al. (2000). A change point
model for estimating the onset of cognitive decline in preclinical
Alzhiemer's disease. Statistics in Medicine, 19, 1555-1566.

Hall, C. B., Ying, J., Kuo, L., et al. (2001). Estimation of bivariate
measurements having different change points, with application to
cognitive aging. Statistics in Medicine, 20, 3695-3714.

Hassing, L., & Bdackman, L. (1997). Patterns of episodic memory in
population-based samples of patients with Alzheimer’s disease and
vascular dementia. Dementia and Geriatric Cognitive Disorders, 8,
376-383.

Helkala, E. L., Koivisto, K., Hanninen, T., et al. (1997). Stability of
age-associated memory impairment during a longitudinal
population-based study. Journal of the American Geriatrics
Society, 45, 120-122.

Hong, T. B., Zarit, S. H., & Johansson, B. (2003). Mild cognitive
impairment in the oldest old: A comparison of two approaches.
Aging and Mental Health, 7, 271-276.

Howieson, D. B., Dame, A., Camicioli, R., et al. (1997). Cognitive
markers preceding Alzheimer’s dementia in the healthy oldest old.
Journal of the American Geriatrics Society, 45, 584—589.

Huang, J. B., & Auchus, A. P. (2007). Diffusion tensor imaging of
normal appearing white matter and its corelation with cognitive
functioning in mild cognitive impairment and Alzheimer’s disease.
Annals of the New York Academy of Sciences, 1097, 259-264.

Ingles, J. L., Wentzel, C., Fisk, J. D., et al. (2002).
Neuropsychological predictors of incident dementia in patients
with vascular cognitive impairment. Stroke, 33, 1999-2002.

Jacobs, D. M., Sano, M., Dooneief, G., et al. (1995).
Neuropsychological detection and characterization of preclinical
Alzheimer’s disease. Neurology, 45, 317-324.

Jagust, W., Gitcho, A., Sun, F., et al. (2006). Brain imaging evidence
of preclinical Alzheimer’s disease in normal aging. Annals of
Neurology, 59, 673-681.

Jones, S., Jonsson Laukka, E., & Béackman, L. (2006). Differential
verbal fluency impairment in the preclinical stages of Alzheimer’s
disease and vascular dementia. Cortex, 42, 347-355.

Jones, S., Jonsson Laukka, E., Small, B. J., et al. (2004). A preclinical
phase in vascular dementia: Cognitive impairment three years
before diagnosis. Dementia and Geriatric Cognitive Disorders, 18,
233-239.

Jonsson Laukka, E., Jones, S., Fratiglioni, L., et al. (2004a). Cognitive
functioning in preclinical vascular dementia: A six-year follow-up.
Stroke, 35, 1805—1809.

Jonsson Laukka, E., Jones, S., Small, B. J., et al. (2004b). Similar
patterns of cognitive deficits in the preclinical phases of vascular
dementia and Alzheimer’s disease. Journal of the International
Neuropsychological Society, 10, 382-391.

Jonsson Laukka, E., Karlsson, S., MacDonald, S. W. M., et al. (2009).
Cognitive functioning in vascular dementia before and after
diagnosis. In L.-O. Wahlund, T. Erkinjuntti, & S. Gauthier (Eds.),
Vscular cognitive impairment in clinical practice (pp. 46-57).
New York: Cambridge University Press.

Jorm, A. F., Masaki, K. H., Ross, G. W., et al. (2005). Cognitive
deficits 3 to 6 before dementia onset in a population sample: The
Honolulu-Asia aging study. Journal of the American Geriatrics
Society, 53, 452-455.

Kalaria, R. N., & Ballard, C. (1999). Overlap between pathology of
Alzheimer’s disease and vascular dementia. Alzheimer Disease &
Associated Disorders, 13, 115-123.

Klunk, W. E. (1998). Biological markers of Alzheimer’s disease.
Neurobiology of Aging, 19, 145-147.

Kogure, D., Matsuda, H., Ohnishi, T., et al. (2000). Longitudinal
evaluation of early Alzheimer's disease using brain perfusion
SPECT. Journal of Nuclear Medicine, 41, 1155-1162.

Kramer, J. H., Reed, B. R., Mungas, D., et al. (2002). Executive
dysfuncyion in subcortical ischaemic vascular disease. Journal of
Neurology, Neurosurgery, and Psychiatry, 72, 217-220.

Lind, J., Persson, J., Ingvar, M., et al. (2006). Reduced functional
brain activity in cognitively intact apolipoprotein E-e4 carriers.
Brain, 129, 1240-1248.

Linn, R. T., Wolf, P. A., Bachman, D. L., et al. (1995). The
“preclinical phase” of probable Alzheimer’s disease. Archives of
Neurology, 52, 485—490.

Mann, D. M. A. (1994). Pathological correlates of dementia in
Alzheimer’s disease. Neurobiology of Aging, 15, 357-360.

Markesbery, W. R., Schmitt, F. A., Kryscio, R. J., et al. (2006).
Neuropathologic substrate of mild cognitive impairment. Archives
of Neurology, 63, 38—46.

Meyer, J. S., Xu, G., Thornby, J., et al. (2002a). Is mild cognitive
impairment prodromal for vascular dementia like Alzheimer’s
disease. Stroke, 33, 1981-1985.

Meyer, J. S., Xu, G., Thornby, J., et al. (2002b). Longitudinal analysis
of abnormal domains comprising mild cognitive impairment (MCI)
during aging. Journal of Neurological Sciences, 201, 19-25.

Mungas, D., Jagust, W. J., Reed, B. R., et al. (2001). MRI predictors
of cognition in subcortical ischemic disease and Alzheimer’s
disease. Neurology, 57, 2229-2235.

Nyberg, L., McIntosh, A. R., Houle, S., et al. (1996). Activation of
medial temporal structures during episodic memory retrieval.
Nature, 380, 715-717.

Palmer, K., Backman, L., Winblad, B., & Fratiglioni, L. (2008). Early
symptoms and signs of cognitive deficits might not always be
detectable in persons who develop Alzheimer's disease.
International Psychogeriatrics, 20, 252-258.

Palmer, K., Bickman, L., Winblad, B., et al. (2003). Detection of
Alzheimer’s disease and dementia in the preclinical phase:
Predictivity of a three-step procedure in a population-based study.
British Medical Journal, 326, 245-247.

Palmer, K., Wang, H. X., Bickman, L., et al. (2002). Differential
evolution of cognitive impairment in nondemented older persons:
Results from the Kungsholmen Project. American Journal of
Psychiatry, 159, 436—442.

Pihlajamédki, M., Tanila, H., Hanninen, T., et al. (2000). Verbal fluency
activates the left medial temporal lobe: A functional magnetic
resonance imaging study. Annals of Neurology, 47, 470—476.

Reed, B. R., Eberling, J. L., Mungas, D., et al. (2000). Memory failure
has different mechanisms in subcortical stroke and Alzheimer’s
disease. Annals of Neurology, 48, 275-284.

Roivio, S., Kareholt, 1., Helkala, E. L., et al. (2005). Leisure-time
physical activity and the risk of dementia and Alzheimer’s disease.
Lancet Neurology, 4, 705-711.

Rowe, C. C., Ng, S., Ackermann, U., et al. (2007). Imaging beta-amyloid
burden in aging and dementia. Neurology, 68, 1718—1725.

Rubin, E. H., Storandt, M., Miller, J. P., et al. (1998). A prospective
study of cognitive function and onset of dementia in cognitively
healthy elders. Archives of Neurology, 55, 395-401.

Sacuiu, S., Sjogren, M., Johansson, B., et al. (2005). Prodromal
cognitive signs of dementia in 85-year olds using four sources of
information. Neurology, 65, 1894—1900.



1048 L i

41 %

R

Silverman, D. H. S., Small, G. W., Chang, C. Y., et al. (2001).
Positron Emission Tomography in evaluation of dementia:
Regional brain metabolism and long-term outcome. Journal of the
American Medical Association, 60, 731-739.

Simon, E., Leach, L., Winocur, G., et al. (1995). Intact primary
memory in mild to moderate Alzheimer’s disease: Indices from the
California Verbal Learning Test. Journal of Clinical and
Experimental Neuropsychology, 16, 414—422.

Small, B. J., & Béackman, L. (2007). Longitudinal trajectories of
cognitive change in preclinical Alzheimer’s disease: A growth
mixture modeling analysis. Cortex, 43, 826-834

Small, B. J., Fratiglioni, L., Viitanen, M., et al. (2000). The course of
cognitive impairment in preclinical Alzheimer’s disease: 3- and
6-year follow-up of a population-based sample. Archives of
Neurology, 57, 839-844.

Small, B. J., Herlitz, A., Fratiglioni, L., et al. (1997). Cognitive
predictors of incident Alzheimer’s disease: A prospective
longitudinal study. Neuropsychology, 11, 413-420.

Small, B. J., MacDonald, S. W. M., Iser, L., & Béackman, L. (2008).
Memory and cognitive performance in preclinical Alzheimer’s
disease and preclinical vascular disease. In E. Dere, A. Easton, L.
Nadel, & J. P Huston (Eds.), Handbook of episodic memory (pp.
535-549). Amsterdam: Elsevier.

Small, B. J., Viitanen, M., & Bickman, L. (1997). Mini-Mental State
Examination Scores as predictors of Alzheimer’s disease:
Incidence data from the Kungsholmen Project, Stockholm. Journal
of Gerontology: Medical Sciences, 52, 299-304.

Storandt, M., Grant, E. A., Miller, J. P., et al. (2002). Rates of
progression in  mild cognitive impairment and early
Alzheimer’sdisease. Neurology, 59, 1034—1041

Tulving, E. (1983). Elements of episodic memory. Oxford: Oxford
University Press.

van der Flier, W. M., van den Heuvel, D. M. J.,, Weverling-
Rijnsburger, A. W. E., et al. (2002). Magnetization transfer
imaging in normal aging, mild cognitive impairment, and
Alzheimer’s disease. Annals of Neurology, 52, 62-67.

Van Hoesen, G. W., Augustinack, J. C., & Redman, S. J. (1999).
Ventromedial temporal lobe pathology in dementia, head trauma,
and schizophrenia. Annals of the New York Academy of Sciences,
877, 575-594.

Vargha-Khadem, F., Gadian, D. G., Watkins, K. E., et al. (1997).
Differential effects of early hippocampal lesions on episodic and
semantic memory. Science, 277, 376-380.

Visser, P. J., Scheltens, P., Verhey, F. R., et al. (1999). Medial
temporal lobe atrophy and memory dysfunction as predictors for
dementia in subjects with mild cognitive impairment. Journal of
Neurology, 246, 477-485.

Wilson, R. S., Gilley, D. W., Bennett, D. A., et al. (2000).
Person-specific paths of cognitive decline in Alzheimer’s disease
and their relation to age. Psychology and Aging, 15, 18-28.

Wilson, R. S., Evans, D. A., Bienias, J. L., et al. (2003). Proneness to
psychological distress is associated with risk of Alzheimer’s
disease. Neurology, 61, 1479—1485.

Wolf, H., Ecke, G. M., Bettin, S., et al. (2000). Do white matter
changes contribute to the subsequent development of dementia in
patients with mild cognitive impairment? A longitudinal study.
International Journal of Geriatric Psychiatry, 15, 803—812.

Yoshita, M., Fletcher, E., Harvey, D., et al. (2006). Extent and
distribution of white-matter hyperintensities in normal aging, MCI,
and AD. Neurology, 67, 2192-2198.

AR EA B R B A FNAHIE: SR RERIARKRAREE

Lars Backman
(Aging Research Center, Karolinska Institutet, Stockholm, Sweden)
i OE AR ICED, TS A IEE A B, X T AR A R H I PR B B kN ) g
(REAR o WEFCR I, B 7R P i BRRE R A M 981 %08 A AR I R 12 2 i (R JLAE T, 4 H B B Al Fr) DA 437
P o F I E5 5 tH BB A AE T 1042« N TR DL B AT D fig . X LT REME AR A0 S5 A2 AR 2 9T

I SE R 1 G5 28 G0 RUHT B2 XA AE 2 A 2 A0 — 80 . BARFLAE

K2 BUZ AT, 9 N LA 4L~

PR G AE R 22 5, (BRI 20 et K 0 AT AEAR KRR S EOR T B (1o SR PRARIX P 2 8 S5 (10
JIESEARRWE I — DAL S5 . XA AT AL IR A S0 B AN AR bR (s I 00 S DA I PR 1
A2 AR 4G S R P ROR S . BeAh, FEARRBIFTH LU =5 e S/ % g il (a) $RHAE
HIF i PR 91 1B DA 60 ) E T B AR I TR A () PP A AT I R 2 1 PR 12 W 38 A 3 4 mP A A 1R A A 22 S
(c) e AE DN 38 L5 B IR e 78 8 i A 2 18] FR) SR 53 J5€ 5 A o s 1] 1) 1 PG A 12 HE 1T 08 T A2 AL 1 o
KR 2 ANFIDIRE; F5ICAZ; ORTTIR AN PR PIEBRAE; A PRI TR AR IC

LESVASTSES
SES  B8444





