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of the Alzheimer’s disease syndrome
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Abstract

With increasing knowledge of clinical in vivo biomarkers and the pathological intricacies of Alzheimer's disease (AD),
nosology is evolving. Harmonized consensus criteria that emphasize prototypic illness continue to develop to achieve
diagnostic clarity for treatment decisions and clinical trials. However, it is clear that AD is clinically heterogeneous in
presentation and progression, demonstrating variable topographic distributions of atrophy and hypometabolism/
hypoperfusion. AD furthermore often keeps company with other conditions that may further nuance clinical
expression, such as synucleinopathy exacerbating executive and visuospatial dysfunction and vascular pathologies
(particularly small vessel disease that is increasingly ubiquitous with human aging) accentuating frontal-dysexecutive
symptomatology. That some of these atypical clinical patterns recur may imply the existence of distinct AD variants.
For example, focal temporal lobe dysfunction is associated with a pure amnestic syndrome, very slow decline, with
atrophy and neurofibrillary tangles limited largely to the medial temporal region including the entorhinal cortex. Left
parietal atrophy and/or hypometabolism/hypoperfusion are associated with language symptoms, younger age of
onset, and faster rate of decline - a potential language variant’ of AD. Conversely, the same pattern but predominantly
affecting the right parietal lobe is associated with a similar syndrome but with visuospatial symptoms replacing
impaired language function. Finally, the extremely rare frontal variant is associated with executive dysfunction out

of keeping with degree of memory decline and may have prominent behavioural symptoms. Genotypic differences
may underlie some of these subtypes; for example, absence of apolipoprotein E e4 is often associated with atypicality
in younger onset AD. Understanding the mechanisms behind this variability merits further investigation, informed

by recent advances in imaging techniques, biomarker assays, and quantitative pathological methods, in conjunction
with standardized clinical, functional, neuropsychological and neurobehavioral evaluations. Such an understanding is
needed to facilitate ‘personalized AD medicine; and eventually allow for clinical trials targeting specific AD subtypes.
Although the focus legitimately remains on prototypic illness, continuing efforts to develop disease-modifying
therapies should not exclude the rarer AD subtypes and common comorbid presentations, as is currently often the
case. Only by treating them as well can we address the full burden of this devastating dementia syndrome.

Introduction

Alzheimer’s disease (AD) most commonly presents in
later life as an amnestic syndrome, with impairment in
other domains, including language and executive func-
tion emerging as disease progresses [1]. Symptoms
occur in association with a breakdown in the brain’s
acetylcholine network [2,3] and pathological degenera-
tion, the hallmarks of which are beta-amyloid senile
plaques (SPs) and neurofibrillary tangles (NFTs)
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containing hyperphosphorylated tau [4]. In addition to
this disease prototype, there are AD subtypes. Variations
in cognitive profile, age of onset, and rate of decline
exemplify the heterogeneity of AD [5].

Similar patterns of variability within neuropsychiatric
features may define behavioural AD subsyndromes [6]
with consistent symptom-lesion correlates [7] and asso-
ciation with specific neurotransmitter dysfunction, such
as dopamine [8]. Familial AD syndromes may also exist,
resulting from highly penetrant but variably expressed
mutations in key genes, such as presenilin (PSEN)-1,
PSEN-2, and amyloid precursor protein [9]. As with
sporadic AD syndromes, there is significant heterogeneity
among the different mutations. These behavioural and
familial-genetic subsyndromes represent a potentially
rich area of inquiry, which is beyond the scope of the
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current discussion. Instead this review will focus on
sporadic cognitive subsyndromes.

The growing recognition in recent years of AD
variability reflects increasing understanding of its com-
plexity, building upon convergent streams of evidence
from clinical, imaging, and pathological studies. While it
is legitimate to focus on prototypic illness, as this
represents the majority of cases and thus the bulk of
disease burden, understanding the rarer AD subtypes
and the influence of common comorbidities may open
new targets for therapy and better allow the tailoring of
existing ones - personalized medicine. Concurrently,
knowledge of AD’s syndromic inhomogeneity may dis-
entangle its confounding effects in clinical trials, as efforts
to exclude atypical subtypes are not always successful.

Origins of the AD heterogeneity concept: a
historical perspective
The observation that AD demonstrates phenotypic
heterogeneity is not new. In 1969, McDonald [10] identi-
fied two distinct subgroups among dementia patients in a
chronic geriatric hospital setting. Using simple tests of
memory, parietal function, and aphasia, he noted that
some had difficulties predominantly with praxis, visual
construction, and cortical sensation. They exhibited more
severe progression on follow-up. These he termed the
‘parietal group. Other patients had predominantly memory
dysfunction, later age of onset, and slower disease pro-
gression. These he termed ‘benign memory dysfunction
of aging! Unfortunately, this early demonstration of AD
heterogeneity failed to generate widespread recognition
for subtype variability. In large part this was due to the
prevailing theory of the time, which held that clinical
variation arose from observing the disease at different
stages of progression (phase hypothesis), rather than truly
distinct disease phenotypes (subtype hypothesis) [11].

Additional support for the subtype hypothesis would
later be provided by early positron emission tomography
(PET) studies. These demonstrated that just as there were
clinically distinct profiles of AD, there were distinct
topographic patterns of brain hypometabolism. Asym-
metry in PET imaging among AD subjects [12,13] was
consistently associated with greater language impairment
if the left hemisphere was more affected. Conversely,
visuospatial impairment predominated in those with
mainly right parietal hypometabolism [14,15]. This varia-
bility exhibited good anatomic correlation. Left angular
hypometabolism, for example, was associated with
Gerstmann’s syndrome in AD [14]. Importantly, longi-
tudinal follow-up demonstrated that these different
syndromes remained distinct over time [16], and with
clinical worsening of disease [17].

The one remaining observation that still supported the
phase hypothesis was that these variant cases were
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associated with an earlier age of onset [18,19]. This was
later addressed in studies taking advantage of standard-
ized neuropsychological assessments. Using the CERAD
(Consortium to Establish a Registry for Alzheimer’s
Disease) database, Fisher and colleagues [20] demon-
strated neuropsychologically defined subtypes of AD.
Subjects with predominantly anomia, impairment of
constructional praxis, and mixed impairments mirrored
the left, right, and general subgroups of the earlier PET
studies, respectively. Importantly, Fisher’s subtypes had
the same age of onset, strongly suggesting that these
observed differences were not merely alternative stages,
but true variants of AD. As with PET studies, these sub-
types remained distinct over longitudinal follow-up, again
supporting the idea of true distinct subtypes of disease [21].

Alzheimer’s disease syndromes

Typical Alzheimer’s disease

Prototypic AD is a late-onset AD syndrome with amnestic
impairment predominating in association with hippo-
campal and temporal-parietal atrophy and/or decreased
perfusion/metabolism [22]. It is the most commonly
observed AD phenotype in the clinical setting and serves
as a good starting point against which the rare AD
subtypes can be compared. Clinically, memory decline is
accompanied by similar worsening in other cognitive
domains, setting typical AD apart from temporal variant
AD where memory decline occurs in isolation, and the
other variants wherein non-amnestic presentations pre-
dominate. Relatively symmetric and generalized atrophy
and hypometabolism/hypoperfusion distinguish typical
AD from the more focal topography of temporal variant
(hippocampal), frontal variant (frontal), language variant
(left parietal), and visuoperceptive variant (right parietal)
AD. Typical AD progresses more slowly than language,
visuoperceptive, and frontal variant AD. Conversely,
deterioration is quicker than temporal variant AD,
perhaps owing to greater cognitive reserve in these indi-
viduals (consistent with their older ages of onset), the
more focal mesiotemporal distribution of pathology that
tends to spare cortical areas, or some combination of both.

Temporal (pure amnestic) variant Alzheimer’s disease

Focal temporal lobe dysfunction, pure amnestic AD, and
temporal variant AD all refer to the late-onset AD
syndrome of isolated episodic memory impairment with
notably slow decline (Figure 1) [23]. Single-photon
emission computed tomography (SPECT) imaging in
temporal variant AD demonstrates hypoperfusion limited
to the mesiotemporal lobes, while the temporal-parietal
changes seen in typical AD are absent [24]. Longitudinal
studies of temporal variant AD individuals demonstrate
slow or no change in Mini-Mental State Examination
scores, and even when memory is significantly impaired,
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Figure 1. Temporal variant Alzheimer’s disease. A 69 year old woman presenting with short-term memory loss and very slow progression

with conversion to mild dementia about 5 years later. Her last neuropsychological testing after 11 years of follow-up revealed normal language
and visuospatial function, with very mild executive dysfunction and significant impairment on memory items. Ten years into her course, imaging
including coronal T1 MRI at the level of the hippocampus (bottom left) demonstrated marked hippocampal atrophy (white arrows) while single-
photon emission computed tomography (SPECT) done at the same time (bottom right) showed mesiotemporal hypoperfusion (red arrows). Axial
T1 MRI (top left) and SPECT (top right) at the level of the basal ganglia demonstrated no atrophy in the parietal and frontal association areas and no
hypoperfusion in the same areas.

visuospatial and executive function remain borderline to
normal [23,25]. Pathologically, studies have demonstrated
a subgroup of patients with plaques and neurofibrillary
tangles limited to the limbic regions with little or no
spread to the neocortical areas [26]. Clinically these
individuals have a later age of onset and slower rates of
cognitive decline. Although the genetic factors contribut-
ing to temporal variant AD remain unknown, there is
some evidence to suggest that the apolipoprotein E
(APOE) €4 allele is absent [23]. Unique among atypical
AD variants, temporal variant AD is a late-onset AD
syndrome, and may present even later than typical AD.

Left (language) variant and logopenic progressive aphasia
Language variant AD is often an early-onset AD (EOAD)
syndrome of gradually worsening non-fluent speech

typified by significant agrammatism, phonemic parapha-
sias, relative preservation of memory, and often atrophy
of the left perisylvian region on imaging (Figure 2)
[27-29]. These individuals have pathologically confirmed
AD with a topographically atypical distribution of neuro-
fibrillary tangles predominantly within the left neocortex,
sparing in some cases the hippocampus.

The early non-fluent language impairment of this sub-
type distinguishes it from the language syndrome of later
stage typical AD, which is generally fluent in nature, with
anomia, semantic paraphasias, progressing to surface
dyslexia and jargon speech [30,31].

This non-fluency also distinguishes language variant
AD from the second atypical AD language syndrome,
logopenic progressive aphasia (LPA). In LPA, speech rate
is slowed but grammar and articulation are preserved
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Figure 2. Left/language variant Alzheimer’s disease. A 50 year old man presenting with short-term memory loss and significant aphasia, which
progressed rapidly over the next few years. Axial T1 MRI at the level of the basal ganglia (left) demonstrated subtly greater left parietal atrophy and
expansion of the lateral ventricle (white arrows). Single-photon emission computed tomography (SPECT) done at the same time (right) demonstrated
left parietal hypoperfusion (red arrow). The patient died 8 years after symptom onset, and autopsy confirmed Alzheimer’s disease (Braak V/VI).

[32]; rather, impaired repetition typifies LPA [33]. LPA is
commonly associated with AD pathology [34], demon-
strates left posterior temporal and inferior parietal hypo-
perfusion [32], and strong association with B-amyloid
deposition on Pittsburgh compound B PET [35].

Despite their shared features, both being language pre-
dominant syndromes, the basis for these two forms of
different aphasic manifestations is unclear.

Right (visuoperceptive) variant (visuoperceptive AD)
Visuospatial dysfunction does not commonly occur as
the initial or predominant symptom in AD. When it does,
it may portend the onset of PCA (Figure 3) [36]. In other
cases, visuospatial dysfunction suggests a subtler, non-
memory variant, associated with greater right versus left
hemisphere pathology and atrophy (Figure 4), a distinct
pattern that is maintained over time and with disease
progression [14,15,17,21].

As with language variant AD and LPA, the relationship
between visuoperceptive AD and PCA remains relatively
unknown. Also unknown is whether individuals with
visuoperceptive impairment represent a prodromal stage
of diffuse Lewy body disease, rather than a true AD
subtype, as sometimes happens anecdotally. While it is
true that Lewy bodies can co-occur in PCA alongside AD
pathology with clinically evident hallucinations and
parkinsonism, AD changes can also be seen in isolation,

with topography being the only apparent driver of
phenotype [36]. Pathologic and biomarker imaging
studies may help resolve some of these questions.

Frontal (executive) variant (frontal variant AD)

Frontal variant AD is an extremely rare EOAD subtype,
associated with significant frontal cognitive and behav-
ioural symptoms (Figure 5), first described by Johnson
and colleagues [37], who found 3 cases among 63
individuals with pathologically confirmed AD. Alladi and
colleagues [34] likewise identified only 2 instances among
their 100 case series, of whom only one had a true
dysexecutive syndrome, the other having only behavioural
features. Pathologically there is a predominance of NFTs
in the frontal regions (ten-fold increase over typical AD),
with comparable loading in the entorhinal cortex and
other regions [37]. Amyloid plaques and the lack of cell
loss, microvacuolarization, and gliosis in layers II and III
distinguish frontal variant AD from FTD. Biochemically,
frontal variant AD shows focally reduced calcium-inde-
pendent phospholipase A2 activity within the frontal
regions compared to typical AD on post-mortem protein
assay (8.8 pmol/mg versus 15.2 pmol/mg), a neuronal-
specific isoform of phospholipase and indirect marker of
neuronal health [38]. In one case report, cerebrospinal
fluid (CSF) amyloid beta (Ap) was found to be decreased,
although tau levels were only borderline [39].
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Figure 3. Posterior cortical atrophy (PCA). A 67 year old man presenting with mild memory loss and striking visuospatial difficulties, later
developing parkinsonism. Imaging 6 years into the disease course, including axial T1 MRI at the level of the midbrain (top left) and basal ganglia
(bottom left), demonstrated temporal-occipital atrophy, posterior atrophy and ventricular expansion (white arrows), slightly greater on the
right. Axial single-photon emission computed tomography (SPECT) imaging done at the same time (right) demonstrated bilateral posterior
hypoperfusion (red arrows), greater on the right. The patient died 7 years into the course of disease, and autopsy revealed Alzheimer’s disease
(Braak IV/VI) with co-occurring Lewy bodies (Braak VI/VI).

In part because of its rarity, the clinical identification of
frontal variant AD has proven troublesome. One study
used the Frontal Behavioural Inventory to define a ‘high
frontality’” AD group based on the presence of frontal
symptoms such as apathy, aspontaneity, loss of empathy
(negative symptoms) and disinhibition, utilization behav-
iour, and alien limb phenomenon (positive symptoms)

[40]. However, except for three items on the Frontal
Behavioural Inventory - hyperorality, perseveration, and
aspontaneity - there was no distinction between Wood-
ward’s ‘high frontality’ group and FTD and there were no
between-group differences on global cognition screening
tests. Furthermore, Woodward and colleagues in another
study [41] found that frontal variant AD can be associated
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Figure 4. Right/visuoperceptive variant Alzheimer’s disease. A 64 year old man presenting with short-term memory loss and difficulty with
visually guided tasks (reading clocks and music). Imaging done 3 years into the course of illness, including axial T1 MRI at the level of the midbrain
(top left), demonstrated subtle right, greater than left, temporal and parietal atrophy with relative expansion of right lateral ventricle and increased
right parietal sulcal markings (white arrows), less evident at the level of the basal ganglia (bottom left). At the same time, axial single-photon
emission computed tomography (SPECT; right) demonstrated right hypoperfusion, particularly in the parietal region (red arrows). The patient died
5 years into the course of disease, and autopsy confirmed Alzheimer’s disease (Braak V/VI).

with co-occurring FTD pathology. In light of this over-
lapping pathology and diagnostic uncertainty, CSF bio-
marker profiles and amyloid imaging will likely be needed
to convincingly demonstrate frontal variant AD in a
cohort large enough to perform the necessary neuro-
psychological, imaging, and genetic studies to define this
subtype.

Common features and potential factors
contributing to AD heterogeneity

Age of onset

EOAD accounts for 32% of atypical, that is, non-
amnestic, cases of AD, in contrast to only 6% of typical
AD [42]. In retrospect, this is consistent with earlier
studies, wherein atypical subgroups of AD were
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Figure 5. Frontal variant Alzheimer’s disease. A 57 year old woman presenting with mild short-term memory loss and inability to perform
simple daily and occupational tasks. Prominent frontal symptoms were noted 2 years into the course of her iliness, with prominent apathy, loss of
empathy, and socially inappropriate behaviours. Axial T1 MRI at the level of the basal ganglia (left), done 1 year after symptom onset, demonstrated
mild frontal atrophy with increased sulcal markings (white arrows). Axial single-photon emission computed tomography (SPECT) done within a few
months at the same level (right) demonstrated frontal hypoperfusion, especially on the left (red arrows). The patient died 5 years after the start of
her symptoms, and autopsy revealed Alzheimer’s disease (Braak V/VI).

consistently associated with younger age. As alluded to
previously, these early-onset individuals evince a more
aggressive disease course, in distinction from the more
gradual progression of typical AD, and in contrast to the
very slow decline of temporal variant AD. The mecha-
nism and significance of this association remain unclear.

Disease topography

The distribution of AD pathology and associated atrophy
varies among individuals [43] and may affect phenotype.
For example, histopathological asymmetry with asso-
ciated left (language) and right (visuospatial) syndromes
similar to those found in PET studies have been described
[44]. Conversely, focal cortical, non-amnestic
presentations can be associated with underlying AD in
34% of cases, including bilateral PCA, aphasia, behav-
ioural executive syndromes, and cortical basal syndrome,
all of which tended to be EOAD [34].

In one recent study, Armstrong and colleagues [26]
used principal components analysis to identify three
clusters of NFT and senile plaque distribution: cortical
(cingulate gyrus, gyrus rectus, orbital frontal gyrus,
occipital lobe), deep grey (thalamus, nucleus basalis of
Meynert, striatum), and limbic (ventral tegmentum,
raphe, amygdala). Similarly, Murray and colleagues [45]
described three pathologically distinct patterns of AD in

a large cohort of 889 cases: hippocampal-sparing, limbic-
predominant, and ‘typical’ These subdivisions were based
on NFT and senile plaque burden, as defined by
thioflavin-S counts, comparing between mesiotemporal
lobe (CAIl, subiculum) and cortical (middle frontal,
inferior parietal, superior temporal association areas)
regions of interest. Hippocampal-sparing AD occurred in
younger individuals (mean age 72 years, versus 79 for
typical and 86 for limbic-predominant AD), consistent
with the association between atypicality and EOAD.
Hippocampal-sparing AD revealed the fastest rate of
cognitive decline (-4.8 on Mini-Mental State Examination
per year, versus -2.8 for typical and -1.4 for limbic-
predominant AD). In keeping with their neocortically
predominant pathological burden, hippocampal-sparing
cases were more likely to have an atypical, non-amnestic
clinical onset (30% of cases), versus individuals with
typical pathological distribution, where this occurred less
frequently (17%).

Genetics

ApoE genotype may be one important factor contributing
to heterogeneity in sporadic AD, as non-g4 status among
EOAD patients correlates with atypicality [46]. What
underlies this relationship is unknown; perhaps the
absence of €4, rather than the presence of €2 or €3, is
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important. ApoE €4 is associated with greater hippo-
campal atrophy [47], suggesting that symptoms in non-
carriers may instead reflect damage to areas normally
eclipsed by hippocampal pathology (for example,
parietal, temporal or frontal regions). This is in keeping
with the ‘cortically predominant’ topographies of disease
observed among non-e4 EOAD carriers. This greater
degree of cortical damage could be reasonably expected
to result in significant, wide-spread neurologic dysfunc-
tion, potentially explaining the observation that such
individuals experience a more rapid clinical decline.
Alternatively, this same ‘hippocampal effect’ of ApoE &4
may mask the influence of other genetic and epigenetic
factors. If so, such factors may have a greater role in the
absence of e4; their variability in turn explaining the
greater heterogeneity of non-e¢4 EOAD.

Another consideration is the role of autosomal domi-
nant mutations causing familial AD. Although a complete
discussion of genotype-phenotype correlations in familial
AD is beyond the scope of this review, mutations in
PSEN1 and amyloid precursor protein (APP) can both
produce non-amnestic, atypical EOAD [48,49]. For
example, PSEN1 can result in non-fluent aphasia [50] in
addition to more typical amnestic AD, while APP can be
associated with severe cerebral amyloid angiopathy pre-
senting with hemorrhage and seizures along with
memory decline [51]. The same mutation may even result
in different syndromes. PSEN1 has been described in
spastic paraparesis, frontotemporal dementia, myoclonus
with seizures, and predominantly psychiatric presenta-
tions [52]. Even within the same family, the APP mutation
presented with bradykinesia and hallucinations in one
individual, memory and behavioural changes in another,
and memory decline followed by intracerebral hemor-
rhage from angiopathy in a third [53].

Ultimately, imaging-genetic endophenotype studies
may provide a link between genetics and disease topo-
graphy by elucidating those areas of the brain most
associated with known and potential pathological geno-
types. Should these patterns correlate with the
topography of syndromic phenotypes of AD, it may lend
support that genotype underlies at least some of these
phenotypic variations. Until such links can be established,
and given the variability with which genetic mutations/
polymorphisms can present, decisions around genetic
testing when a suspected case of atypical AD is
encountered must be adjudicated on a case by case basis.

Co-occurring pathology: Lewy body pathology

Lewy bodies composed in part of alpha-synuclein aggre-
gates are the hallmark of Lewy body disease, presenting
in prototypic cases with visual hallucinations, extrapyra-
midal symptoms, and marked clinical fluctuations [54].
These same alpha synuclein inclusions can be found in
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pathologically confirmed AD, with neocortical Lewy
bodies occurring in 10 to 30% of cases at autopsy [55,56].
These co-occurring Lewy bodies also appear associated
with AD proven cases of PCA [29,57]. More generally,
the presence of Lewy bodies in AD is associated with
more perceptual impairment, though milder than what
occurs in ‘pure’ diffuse Lewy body disease [58].

Co-occurring pathology: white matter hyperintensities
Best seen on T2 and FLAIR imaging by MRI, white
matter hyperintensities (WMHs) reflect an array of
pathophysiological processes, the precise causes of which
remain under active investigation [59]. They occur in 95%
of healthy adults aged over 65 years (Figure 6) [60], 92%
of individuals with mild cognitive impairment aged 45 to
87 years [61], and is more common in the presence of
pathologically confirmed AD (57% versus 33% in age-
matched normal controls) [62]. WMHs appear associated
mostly with impaired executive function, speed of pro-
cessing, and mental flexibility [63-69], functions attribu-
table to frontal lobe networks. More generally, it is asso-
ciated with global decline, dementia, depression, and
death [70-73]. WMHs frequently occur in the frontal
regions [61,74-76], although some evidence suggests that
WMH is associated with frontal-executive symptoms
regardless of location [77]. The importance of WMH
topography remains an area of active investigation, with
periventricular WMH possibly related to venous
collagenosis [78,79].

As the degree of WMH varies widely, investigators
have explored whether a dose-effect relationship for
WMH exists, and if so what minimum degree of WMH is
necessary for cognitive changes to be observed. To this
end, Boone and colleagues [80] identified a ‘threshold” of
>10 c¢cm? for cognitive changes to be observed. DeCarli
and colleagues [81] demonstrated similar findings using
PET, showing that a threshold of >0.5% of brain paren-
chymal fraction was significantly associated with poorer
performance on executive function and mental flexibility
tasks (phonemic fluency, Trails B). They also demonstrated
an association with worsened visual memory, suggesting
that the influence of WMHs is potentially more wide-
spread. Importantly, even when only accounting for those
cases where WMH met or exceeded the minimum
‘threshold’ for associated clinical symptoms, co-pathology
was common (6 to 20%) [60,80,81], underscoring its
importance in overall AD phenotype.

A major challenge to investigating independent contri-
butions of WMHs in AD is disentangling their contribu-
tory role to cerebral atrophy. Controlling for atrophy can
eliminate the observed influence of WMHs on cognition
[81,82], although Swartz and colleagues [83], using factor
analysis in a dementia population, discerned an inde-
pendent association between WMH burden on executive



Lam et al. Alzheimer’s Research & Therapy 2013, 5:1 Page 9 of 14
http://alzres.com/content/5/1/1

Figure 6. White matter hyperintensities in Alzheimer’s disease. A 68 year old man presenting with short-term memory decline. Imaging
done 7 years into the course of illness, including axial T1 MRI at the level of the centrum semiovale (upper left), demonstrated severe generalized
atrophy. Axial T2 (top right) and proton density (bottom left) images at the same level showed marked white matter hyperintensities, especially
posteriorly (white arrows). One year prior, axial single-photon emission computed tomography (SPECT) at the corresponding level (bottom right)
demonstrated mild parietal hypoperfusion bilaterally (red arrows). The patient died 9 years later and autopsy confirmed Alzheimer’s disease
(Braak V/VI), with diffuse atherosclerosis throughout the white matter and basal ganglia, lacunar infarcts, remote microhaemorrhages and cortical
microinfarcts. There had been no history of visual hallucinations, but parkinsonism developed very late into the disease course, and he was also
found to have diffuse Lewy bodies within the brain stem and cingulum.

function and memory even after atrophy was accounted  Co-occurring pathology: other pathologies

for. Furthermore, vasculopathy, especially lacunar infarcts, =~ TDP-43 (TAR DNA-binding protein 43) inclusions and
appears to contribute to the expression of AD dementia  agyrophillic grains are two other pathologies that have
in pathology series [84,85]. been associated with AD pathology and that may nuance
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the phenotype of AD [86]. A full review of their asso-
ciation is beyond the scope of this review, although given
their association with FTD, one might expect that they
would result in a blending of FTD symptomatology with
prototypic AD.

Future directions

Framing heterogeneity and complexity in the AD syndrome
AD phenotype is strongly affected by age of onset,
genetic profile, and comorbidities. AD subtypes reflect
the interactions between these three axes. When the
onset is later, ApoE €4 is present, and comorbidities

absent, the resulting pattern is generally prototypic AD.
Changes along any of these three axes shift the observed
phenotype towards one of the rarer AD variants
(Figure 7).

Several important questions remain. Frontal variant
AD appears to be the rarest variant and the potential role
of WMHs in its expression needs to be further explored,
in particular the role of venous collagenosis, which may
contribute to executive control network dysfunction. The
relationships between visuoperceptive AD and PCA, and
between language variant AD and LPA remain unclear.
ApoE €4 is hypothesized to be absent in the early onset
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subtypes: frontal, visuoperceptive, and language variant
AD, but its relative absence in temporal variant AD, the
only late onset subtype, is also worthy of further
investigation. Finally, the role of rarer co-pathologies
such as TDP43, and genetic polymorphisms, other than
ApoE, and epigenetic factors on clinical profile remain to
be explored.

Translational implications: diagnosis and therapy
Phenotypic heterogeneity among AD subtypes and co-
pathology may have particular importance for biomarker-
based ante mortem diagnosis. Factors such as ApoE
status, gender, age, education, and brain size appear
associated with differences in CSF Ap,, levels [87], with
education inversely correlated with CSF A, in early
disease [88]. Such findings suggest that, at least in the
case of CSF Ap,,, biomarkers must be interpreted in the
context of phenotype. This interpretation in turn requires
a greater understanding of AD phenotypic variation than
is presently available. As atypical subtypes are relatively
rare, multi-site studies specifically addressing them are
urgently needed to delineate the full spectrum of AD and
its interaction with biomarkers.

Beyond the clinical need for diagnostic certainty, the
ability to recognize and control for phenotypic variation
is important to continuing clinical trials design. The very
slow rate of decline in temporal variant AD is but one
example of how subtype heterogeneity can confound
results. More generally, as it appears that all AD subtypes
exhibit divergent trajectories of symptom progression
from prototypic disease, characterizing the onset and
decline across the AD syndrome spectrum [89,90],
including comorbid cases, is a priority. Similarly, it is
unknown how often an initially typical AD case evolves
into an atypical subtype over time, or vice versa. As the
occasional inclusion of an atypical individual in clinical
trials may thus be unavoidable, understanding these
subtypes may allow researchers to disentangle their
influence from their findings.

Phenotypic variation may likewise affect response to
therapeutic strategies, requiring a personalized medicine
approach that will only be possible with a greater
understanding of AD subtypes and their causes. For
example, the presence of comorbid WMHs involving
peri-insular cholinergic pathways in a case-controlled
cohort study was associated with more favourable res-
ponse to cholinesterase therapy [91], in contrast to more
generally distributed WMHs, which show no such asso-
ciation. Cholinergic therapies may therefore be particu-
larly appropriate in such co-morbid cases. Another
example is the observation that synapse loss, a key
correlate of cognition, is greater in early onset AD
[92,93], implying a more aggressive neuronal degenera-
tion. Clinical trials in these subgroups would therefore
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have to target symptoms much earlier than would
normally be done for prototypic disease, in order to
address the more severe cellular damage of EOAD. Along
similar lines, it has been observed that early onset AD is
associated with more widespread neurotransmitter dys-
function [94], affecting noradrenaline, y-amino-butyric
acid, and somatostatin levels in addition to acetylcholine.
Hence, combination therapy that restores multiple neuro-
transmitters may be more symptomatically effective than
cholinergic agents alone in EOAD. While the medications
for such a clinical trial are already available, the lack of
clear diagnostic criteria for EOAD subtypes hampers
implementation, further underscoring the urgent need
for further research in AD heterogeneity.

Conclusion

Prototypic and atypical AD subtypes exist along
continuums of age, genotype, and co-pathology within the
AD syndrome, presenting challenges and opportunities for
both researchers and clinicians. While the pursuit of
treatments and salient criteria for the more common AD
prototype understandably remains a priority, these rarer
subtypes pose a substantial burden of disease faced by
those affected by them and their caregivers. Furthermore,
unless atypical variants are understood and recognized,
controlling for their potentially confounding effects in
clinical trials will be more difficult, hindering treatment
development even for prototypic disease.

Abbreviations

AB, amyloid beta; AD, Alzheimer’s disease; APOE, apolipoprotein E; APP,
amyloid precursor protein; CSF, cerebrospinal fluid; EOAD, early-onset
Alzheimer's disease; FTD, frontotemporal dementia; LPA, logopenic
progressive aphasia; MRI, magnetic resonance imaging; NFT, neurofibrillary
tangle; PCA, posterior cortical atrophy; PET, positron emission tomography;
PSEN, presenilin; SPECT, single-photon emission computed tomography;
WMH, white matter hyperintensity.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

BL receives support from the Brill Chair in Neurology Department of Medicine,
Sunnybrook Health Sciences Centre (SHSC) and University of Toronto and the
CIHR Training Program in Neurodegenerative Lipidomics. MM receives support
from the Department of Medicine, Sunnybrook Health Sciences Centre and
the Sunnybrook Foundation. MF receives support from the Saul A Silverman
Family Foundation as a Canada International Scientific Exchange Program

and Morris Kerzner Memorial Fund. SEB receives support from the Brill Chair

in Neurology Department of Medicine, Sunnybrook Health Sciences Centre
(SHSC) and University of Toronto. We gratefully acknowledge Isabel Lam,
Christopher Scott, and Gregory Szilagyi for their help in preparing the figures.
We gratefully acknowledge financial support by the Canadian Institutes of
Health Research, grant MT13129.

Author details

'Sunnybrook Health Sciences Centre, 2075 Bayview Avenue, Toronto, ON,
Canada M4N 3M5. 2Baycrest, Division of Neurology & Brain Health Centre
Clinics, 3560 Bathurst Street, Toronto, ON, Canada M6A, 2E1. *Ontario Brain
Institute, MaRS Centre, 101 College Street, Toronto, ON, Canada M5G 1L7.
Author affiliations are as follows. All authors: Department of Medicine
(Neurology), University of Toronto, Toronto, Canada. BL, MM, and SEB: LC



Lam et al. Alzheimer’s Research & Therapy 2013, 5:1
http://alzres.com/content/5/1/1

Campbell Cognitive Neurology Research Unit, Brain Sciences Research
Program, Sunnybrook Health Sciences Centre, University of Toronto, Toronto,
Canada. MM: Neurogenetics Section, Centre for Addiction and Mental Health,
University of Toronto, Toronto, ON, Canada. MF, DTS, and SEB: Rotman Research
Institute, Baycrest, Toronto, Canada. MF: Department of Medicine, Division

of Neurology, Baycrest, Mt. Sinai Hospital, and University of Toronto, Toronto,
Canada. DTS: Department of Psychology, University of Toronto, Toronto,
Canada. DTS: Ontario Brain Institute, Toronto, Canada.

Published: 9 January 2013

References

1.

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM: Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work
Group under the auspices of Department of Health and Human Services
Task Force on Alzheimer’s Disease. Neurology 1984, 34:939-944.

Bartus RT, Dean RL 3rd, Beer B, Lippa AS: The cholinergic hypothesis of
geriatric memory dysfunction. Science 1982, 217:408-414.

Francis PT, Palmer AM, Snape M, Wilcock GK: The cholinergic hypothesis of
Alzheimer’s disease: a review of progress. J Neurol Neurosurg Psychiatry
1999, 66:137-147.

Braak H, Braak E: Neuropathological stageing of Alzheimer-related
changes. Acta Neuropathol 1991, 82:239-259.

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH,
Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN,
Scheltens P, Carrillo MC, Thies B, Weintraub S, Phelps CH: The diagnosis of
dementia due to Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 2011,
7:263-269.

Lyketsos CG, Sheppard JM, Steinberg M, Tschanz JA, Norton MC, Steffens DC,
Breitner JC: Neuropsychiatric disturbance in Alzheimer’s disease clusters
into three groups: the Cache County Study. Int J Geriatr Psychiatry 2001,
16:1043-1053.

Migneco O, Benoit M, Koulibaly PM, Dygai |, Bertogliati C, Desvignes P, Robert
PH, Malandain G, Bussiere F, Darcourt J: Perfusion brain SPECT and statistical
parametric mapping analysis indicate that apathy is a cingulate syndrome:
a study in Alzheimer’s disease and nondemented patients. Neuroimage
2001, 13:896-902.

Ismail Z, Nguyen MQ, Fischer CE, Schweizer TA, Mulsant BH, Mamo D:
Neurobiology of delusions in Alzheimer’s disease. Curr Psychiatry Rep 2011,
13:211-218.

Wu L, Rosa-Neto P, Hsiung GY, Sadovnick AD, Masellis M, Black SE, Jia J,
Gauthier S: Early-onset familial Alzheimer’s disease (EOFAD). Can J Neurol
Sci2012,39:436-445.

McDonald C: Clinical heterogeneity in senile dementia. Brit J Psychiatry
1969, 115:267-271.

Ritchie K, Touchon J: Heterogeneity in senile dementia of the Alzheimer
type: Individual differences, progressive deterioration or clinical subtypes?
JClin Epidemiol 1992, 45:1391-1398.

Foster NL, Chase TN, Fedio P, Patronas NJ, Broks RA, Di Chiro G: Alzheimer’s
disease: focal cortical changes shown by positron emission tomography.
Neurology 1983, 33:961-965.

Haxby JV, Duara R, Grady CL, Culter NR, Rapoport SI: Relationships between
neuropsychological and cerebral metabolic asymmetries in early
Alzheimer’s disease. J Cereb Blood Flow Metab 1985, 5:193-200.

Chase TN, Fedio P, Foster NL, Brooks R, Di Chiro G, Mansi L: Wechsler Adult
Intelligence Scale performance: cortical localization by
fluorodeoxyglucose F18-positron emission tomography. Arch Neurol 1984,
44:1244-1247.

Duara R, Grady C, Haxby J, Sundaram M, Cutler NR, Heston L, Moore A,
Schlageter N, Larson S, Rapoport SI: Postitron emission tomography in
Alzheimer’s disease. Neurology 1986, 36:879-87.

Friedland RP, Koss E, Haxby JV, Grady CL, Luxenberg J, Schapiro MB, Kaye J:
Alzheimer’s disease: clinical and biological heterogeneity. Ann Internal Med
1988, 109:298-311.

Grady CL, Haxby JV, Schlageter NL, Berg G, Rapoport SI: Stability of
metabolic and neuropsychological asymmetries in dementia of the
Alzheimer’s type. Neurology 1986, 36:1390-1392.

Seltzer B, Sherwin I: A comparison of clinical features in early- and late-
onset primary degenerative dementia. One entity or two? Arch Neurol

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 12 of 14

1983, 40:143-746.

Filley CM, Kelly J, Heaton RK: Neuropsychologic features of early- and late-
onset Alzheimer’s disease. Arch Neurol 1986, 43:574-576.

Fisher NJ, Rourke BP, Bieliauskas L, Giordani B, Bernet S, Foster NL:
Neuropsychological subgroups of patients with Alzheimer’s disease. J Clin
Exp Neuropsych 1996, 18:349-370.

Fisher NJ, Rourke BP, Bieliauskas L, Giordani B, Bernet S, Foster NL: Unmasking
the heterogeneity of Alzheimer’s disease: case studies of individuals from
distinct neuropsychological subgroups. J Clin Exp Neuropsych 1997,
19:713-754.

Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, Cummings
J, Delacourte A, Galasko D, Gauthier S, Jicha G, Meguro K, O'brien J, Pasquier F,
Robert P, Rossor M, Salloway S, Stern Y, Visser PJ, Scheltens P: Research criteria
for the diagnosis of Alzheimer’s disease: revising the NINCDS-ADRDA
criteria. Lancet Neurol 2007, 6:734-746.

Butters MA, Lopez OL, Becker JT: Focal temporal lobe dysfunction in
probable Alzheimer’s disease predicts a slow rate of cognitive decline.
Neurology 1996, 46:687-692.

Cappa A, Calcagni ML, Villa G, Giordano A, Marra C, De Rossi G: Brain
perfusion abnormalities in Alzheimer’s disease: Comparison between
patients with focal temporal lobe dysfunction and patients with diffuse
cognitive impairment. J Neurol Neurosurg Psychiatry 2001, 70:22-27.

Marra C, Villa G, Quaranta D, Valenza A, Vita MG, Gainotti G: Probable
Alzheimer’s disease patients presenting as ‘focal temporal lobe
dysfunction’show a slow rate of cognitive decline. J Int Neuropsychol Soc
2012, 18:144-150.

Armstrong RA, Nochlin D, Bird TD: Neuropathological heterogeneity in
Alzheimer’s disease: A study of 80 cases using principal components
analysis. Neuropathology 2000, 1:31-37.

Green J, Morris JC, Sandson J, McKeel DW Jr, Miller JW: Progressive aphasia:
a precursor of global dementia? Neurology 1990, 40:423-429.

Greene JD, Patterson K, Xuereb J, Hodges JR: Alzheimer disease and
nonfluent progressive aphasia. Arch Neurol 1996, 53:1072-1078.

Galton CJ, Patterson K, Xuereb JH, Hodges JR: Atypical and typical
presentations of Alzheimer’s disease: a clinical, neuropsychological,
neuroimaging and pathological study of 13 cases. Brain 2000, 123:484-498.
Price BH Gurvit H, Weintraub S Geula C, Leimbkuhler £, Mesulam M:
Neuropsychological patterns and language defecits in 20 consecutive
cases of autopsy-confirmed Alzheimer’s disease. Arch Neurol 1993,
35:394-397.

Patterson K, Graham N, Hodges J: Reading in Alzheimer’s type dementia.
Neuropsychology 1994, 8:395-407.

Gorno-Tempini ML, Brambati SM, Ginex V, Ogar J, Dronkers NF, Marcone A,
Perani D, Garibotto V, Cappa SF, Miller BL: The logopenic/phonological
variant of primary progressive aphasia. Neurology 2008, 71:1227-1234.
Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A, Mendez M, Cappa SF,
Ogar JM, Rohrer JD, Black S, Boeve BF, Manes F, Dronkers NF, Vandenberghe R,
Rascovsky K, Patterson K, Miller BL, Knopman DS, Hodges JR, Mesulam MM,
Grossman M: Classification of primary progressive aphasia and its variants.
Neurology 2011, 76:1006-1014.

Alladi S, Xuereb J, Bak T, Nestor P, Knibb J, Patterson K, Hodges JR: Focal
cortical presentations of Alzheimer’s disease. Brain 2007, 130:2636-2645.
Leyton CE, Villemagne VL, Savage S, Pike KE, Ballard KJ, Piguet O, Burrell JR,
Rowe CC, Hodges JR: Subtypes of progressive aphasia: application of the
international consensus criteria and validation using 3-amyloid imaging.
Brain 2011, 134:3030-3043.

Tang-Wai DF, Graff-Radford NR, Boeve BF, Dickson DW, Parisi JE, Crook R,
Caselli RJ, Knopman DS, Petersen RC: Clinical, genetic, and neuropathologic
characteristics of posterior cortical atrophy. Neurology 2004, 63:1168-1174.
Johnson JK, Head E, Kim R, Starr A, Cotman CW: Clinical and pathological
evidence for a frontal variant of Alzheimer disease. Arch Neuro/ 1999,
56:1233-1239.

Talbot K, Young RA, Jolly-Tornetta C, Lee VMY, Trojanowski JQ, Wolf BA:

A frontal variant of Alzheimer’s disease exhibits decreased calcium-
independent phospholipase A2 activity in the prefrontal cortex.
Neurochem Int 2000, 37:17-31.

Habek M, Hajnsek S, Zarkovic K, Chudy D, Mubrin Z: Frontal variant of
Alzheimer’s disease: Clinico-CSF-pathological correlation. Can J Neurol Sci
2010,37:118-120.

Woodward M, Brodaty H, Boundy K, Ames D, Blanch G, Balshaw R; PRIME
Study Group: Does executive impairment define a frontal variant of



Lam et al. Alzheimer’s Research & Therapy 2013, 5:1
http://alzres.com/content/5/1/1

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Alzheimer’s disease? Int Psychogeriatr 2010, 22:1280-1290.

Woodward M, Mackenzie IR, Hsiung GY, Jacova C, Feldman H: Multiple brain
pathologies in dementia are common. Eur Geriatr Med 2010, 1:259-265.
Koedam EL, Lauffer V, van der Vlies AE, van der Flier WM, Scheltens P,
Pijnnburg YA: Early- versus late-onset Alzheimer’s disase: More than age
alone. J Alzheimers Dis 2010, 19:1401-1408.

Neary D, Snowden JS, Bowen DM, Sims NR, Mann DM, Benton JS, Northen B,
Yates PO, Davison AN: Neuropsychological syndromes in presenile
dementia due to cerebral atrophy. J Neurol Neurosurg Psychiatry 1936,
49:163-174.

Giannakopoulos P, Hof PR, Bouras C: Alzheimer’s disease with asymmetric
atrophy of the cerebral hemispheres: morphometric analysis of four cases.
Acta Neuropathol 1994, 88:440-447.

Murray ME, Graff-Radford NR, Ross OA, Petersen RC, Duara R, Dickson DW:
Neuropathologically defined subtypes of Alzheimer’s disease with distinct
clinical characteristics: a retrospective study. Lancet Neurol 2011,
10:785-796.

Van der Flier WM, Pijnenburg YA, Fox NC, Scheltens P: Early-onset versus
late-onset Alzheimer’s disease: the case of the missing APOE €4 allele.
Lancet Neurol 2010, 10:280-288.

Pievani M, Galluzzi S, Thompson PM, Rasser PE, Bonetti M, Frisoni GB: APOE4
is associated with greater atrophy of the hippocampal formation in
Alzheimer’s disease. Neuroimage 2011, 55:909-919.

Ryan NS, Rossor MN: Correlating familial Alzheimer’s disease gene
mutations with clinical phenotype. Biomark Med 2010, 4:99-112.

Larner AJ, Doran M: Clinical phenotypic heterogeneity of Alzheimer’s
disease associated with mutations of the presenilin-1 gene. J Neuro/ 2006,
253:139-158.

Godbolt AK, Beck JA, Collinge J, Garrard P, Warren JD, Fox NC, Rossor MN:

A presenilin 1 R278I mutation presenting with language impairment.
Neurology 2004, 63:1702-1704.

Rovelet-Lecrux A, Hannequin D, Raux G, Le Meur N, Laquerriere A, Vital A,
Dumanchin C, Feuillette S, Brice A, Vercelletto M, Dubas F, Frebourg T,
Campion D: APP locus duplication causes autosomal dominant early-
onset Alzheimer disease with cerebral amyloid angiopathy. Nat Genet
2006, 38:24-26.

Menéndez M: Pathological and clinical heterogeneity of presenilin 1 gene
mutations. J Alzheimers Dis 2004, 6:475-482.

Guyant-Marechal |, Berger E, Laquerriére A, Rovelet-Lecrux A, Viennet G,
Frebourg T, Rumbach L, Campion D, Hannequin D: Intrafamilial diversity of
phenotype associated with app duplication. Neurology 2008, 71:1925-1926.
McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Hansen LA, Salmon
DP, Lowe J, Mirra SS, Byrne EJ, Lennox G, Quinn NP, Edwardson JA, Ince PG,
Bergeron C, Burns A, Miller BL, Lovestone S, Collerton D, Jansen EN, Ballard C,
de Vos RA, Wilcock GK, Jellinger KA, Perry RH: Consensus guidelines for the
clinical and pathologic diagnosis of dementia with Lewy bodies (DLB):
report of the consortium on DLB international workshop. Neurology 1996,
47:1113-1124.

Hansen L, Salmon D, Galasko D, Masliah E, Katzman R, DeTeresa R, Thal L, Pay
MM, Hofstetter R, Klauber M: The Lewy body variant of Alzheimer’s disease:
a clinical and pathologic entity. Neurology 1990, 40:1-8.

Schneider JA, Arvanitakis Z, Leurgans SE, Bennett DA: The neuropathology
of probable Alzheimer disease and mild cognitive impairment. Ann Neurol
2009, 66:200-208.

Tang-Wai DF, Josephs KA, Boeve BF, Petersen RC, Parisi JE, Dickson DW:
Coexistent Lewy body disease in a case of 'visual variant of Alzheimer’s
disease’ J Neurol Neurosurg Psychiatry 2003, 74:389.

Calderon J, Perry RJ, Erzinclioglu SW, Berrios GE, Dening TR, Hodges JR:
Perception, attention, and working memory are disproportionately
impaired in dementia with Lewy bodies compared with Alzheimer’s
disease. J Neurol Neurosurg Psychiatry 2001, 70:157-164.

Schmidt R, Schmidt H, Haybaeck J, Loitfelder M, Weis S, Cavalieri M, Seiler S,
Enzinger C, Ropele S, Erkinjuntti T, Pantoni L, Scheltens P, Fazekas F, Jellinger
K: Heterogeneity in age-related white matter changes. Acta Neuropathol
2011,122:171-185.

Longstreth WT Jr, Manolio TA, Arnold A, Burke GL, Bryan N, Jungreis CA,
Enright PL, O'Leary D, Fried L: Clinical correlates of white matter findings on
cranial magnetic resonance imaging of 3301 elderly people. The
Cardiovascular Health Study. Stroke 1996, 27:1274-1282.

Bombois S, Debette S, Delbeuck X, Braundet A, LepoittevinS, Delmaire C, Leys
D, Pasquier F: Prevalence of subcortical vascular lesions and association

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Page 13 of 14

with executive function in Mild Cognitive Impairment subtypes. Stroke
2007, 38:2595-2597.

Jellinger KA, Attems J: Prevalence and pathogenic role of cerebrovascular
lesions in Alzheimer disease. J Neurol Sci 2005, 229-230:37-41.

Ylikoski R, Ylikoski A, Erkinjuntti T, Sulkava R, Raininko R, Tilvis R: White matter
changes in healthy elderly persons correlate with attention and speed of
mental processing. Arch Neurol 1993, 50:818-824.

Breteler MM, van Swieten JC, Bots ML, Grobbee DE, Claus JJ, van den Hout JH,
van Harskamp F, Tanghe HL, de Jong PT, van Gijn J: Cerebral white matter
lesions, vascular risk factors, and cognitive function in a population-based
study: the Rotterdam Study. Neurology 1994, 44:1246-1252.

Gunning-Dixon FM, Raz N: The cognitive correlates of white matter
abnormalities in normal aging: A quantitative review. Neuropsychology
2000, 14:224-232.

Gunning-Dixon FM, Raz N: Neuroanatomical correlates of selected
executive functions in middle-aged and older adults: a prospective MRI
study. Neuropsychologia 2003, 41:1929-1941.

O'Sullivan M, Morris RG, Huckstep B, DK Jones, Williams SCR, Markus HS:
Diffusion tensor MRI correlates with executive dysfunction in patients
with ischaemic leukoaraiosis. J Neurol Neurosurg Psychiatry 2004, 75:441-447.
Au R, Massaro JM, Wolf PA, Young ME, Beiser A, Seshadri S, D’Agostino RB,
DeCarli C: Association of white matter hyperintensity volume with
decreased cognitive functioning: The Framingham Heart Study. Neurobiol
Aging 2002, 23:421-443.

Jokinen H, Kalska H, Ylikoski R, Madureira S, Verdelho A, van der Flier WM,
Scheltens P, Barkhof F, Visser MC, Fazekas F, Schmidt R, O'Brien J, Waldemar G,
Wallin A, Chabriat H, Pantoni L, Inzitari D, Erkinjuntti T; LADIS group:
Longitudinal cognitive decline in subcortical ischemic vascular disease

- the LADIS Study. Cerebrovasc Dis 2009, 27:384-391.

Pantoni L: Cerebral small vessel disease: from pathogenesis and clinical
characteristics to therapeutic challenges. Lancet Neurol 2010, 9:689-701.
Debette S, Markus HS: The clinical importance of white matter
hyperintensities on brain magnetic resonance imaging: systematic review
and meta-analysis. BMJ 2010, 341:c3666.

Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, ladecola C, Launer
LJ, Laurent S, Lopez OL, Nyenhuis D, Petersen RC, Schneider JA, Tzourio C,
Arnett DK, Bennett DA, Chui HC, Higashida RT, Lindquist R, Nilsson PM,
Roman GC, Sellke FW, Seshadri S; American Heart Association Stroke Council,
Council on Epidemiology and Prevention, Council on Cardiovascular Nursing,
Council on Cardiovascular Radiology and Intervention, and Council on
Cardiovascular Surgery and Anesthesia: Vascular contributions to cognitive
impairment and dementia: a statement for healthcare professionals from
the American heart association/American stroke association. Stroke 2011,
42:2672-2713.

The LADIS Study Group, Poggesi A, Pantoni L, Inzitari D, Fazekas F, Ferro J,
O'Brien J, Hennerici M, Scheltens P, Erkinjuntti T, Visser M, Langhorne P,
Chabriat H, Waldemar G, Wallin A, Wahlund A: 2001-2011: A decade of the
LADIS (Leukoaraiosis And DISability) Study: what have we learned about
white matter changes and small-vessel disease? Cerebrovasc Dis 2011,
32:577-588.

Scheltens PH, Barkhof F, Valk J, Algr PR, Van Der Hoop RG, Nauta J, Wolter CH:
White matter lesions on magnetic resonance imaging in clinically
diagnosed Alzheimer’s disease. Brain 1992, 115:735-748.

Prins ND, van Dijk EJ, den Heijer T, Vermeer SE, Koudstaal PJ, Oudkerk M,
Hofman A, Breteler MIMB: Cerebral white matter lesions and the risk of
dementia. Arch Neurol 2004, 61:1531-1534.

Holland CM, Smith EE, Csapo |, Gurol ME, Brylka DA, Killiany RJ, Blacker D,
Albert MS, Guttmann CR, Greenberg SM: Spatial distribution of white-
matter hyperintensities in Alzheimer disease, cerebral amyloid
angiopathy, and healthy aging. Stroke 2008, 39:1127-1133.

Tullberg M, Fletcher E, DeCarli C, Mungas D, Reed BR, Harvey DJ, Weiner MW,
Chui HC, Jagust WJ: White matter lesions impair frontal lobe function
regardless of their location. Neurology 2004, 63:246-253.

Moody DM, Brown WR, Challa VR, Anderson RL: Periventricular venous
collagenosis: association with leukoaraiosis. Radiology 1995, 194:469-476.
Black S, Gao F, Bilbao J: Understanding white matter disease: imaging-
pathological correlations in vascular cognitive impairment. Stroke 2009,
40(3 Suppl):548-52.

Boone KB, Miller BL, Lesser IM, Mehringer CM, Hill-Gutierrez E, Goldberg MA,
Berman NG: Neuropsychological correlates of white-matter lesions in
healthy elderly subjects. Arch Neurol 1992, 49:549-554.



Lam et al. Alzheimer’s Research & Therapy 2013, 5:1
http://alzres.com/content/5/1/1

81.

82.

83.

84.

85.

86.

87.

DeCarli C, Murphy DGM, Tranh M, Grady CL, Haxby JV, Gillette JA, Salerno JA,
Conzales-Aviles A, Horwitz B, Rapoport SI, Schapiro MB: The effect of white
matter hyperintensity volume on brain structure, cognitive performance,
and cerebral metabolism of glucose in 51 healthy adults. Neurology 1995,
45:2077-2084.

DeCarli C, Grady CL, Clark CM, Katz DA, Brady DR, Murphy DGM, Haxby JV,
Salerno JA, Gillette JA, Gonzalez-Aviles A, Rapoport SI: Comparison of
positron emission tomography, cognition, and brain volume in
Alzhiemer's disease with and without severe abnormalities of white
matter. J Neurol Neurosurg Psychiatry 1996, 60:158-167.

Swartz RH, Stuss DT, Gao F, Black SE: Independent cognitive effects of
atrophy and diffuse subcortical and thalamico-cortical cerebrovascular
disease in dementia. Stroke 2008, 39:822-830.

Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA, Marksbery WR:
Brain infarction and the clinical expression of Alzheimer’s disease. The
Nun Study. JAMA 1997, 277:813-817.

Esiri MM, Nagy Z, Smith MZ, Barneston L, Smith AD: Cerebrovascular disease
and threshold for dementia in the early stages of Alzheimer’s disease.
Lancet 1999, 354:919-920.

Hsiung GY, DeJesus-Hernandez M, Feldman HH, Sengdy P, Bouchard-Kerr P,
Dwosh E, Butler R, Leung B, Fok A, Rutherford NJ, Baker M, Rademakers R,
Mackenzie IR: Clinical and pathological features of familial frontotemporal
dementia caused by C9ORF72 mutation on chromosome 9p. Brain 2012,
135:709-722.

Roe CM, Fagan AM, Williams MM, Ghoshal N, Aeschleman M, Grant EA,
Marcus DS, Mintun MA, Holtzman DM, Morris JC: Improving CSF biomarker
accuracy in predicting prevalent and incident Alzheimer disease.
Neurology 2011, 76:501-510.

88.

89.

90.

9.

92.

93.

94.

Page 14 of 14

Dumurgier J, Paquet C, Benisty S, Kiffel C, Lidy C, Mouton-Liger F, Chabriat H,
Laplanche JL, Hugon J: Inverse association between CSF AP 42 levels and
years of education in mild form of Alzheimer’s disease: the cognitive
reserve theory. Neurobiol Dis 2010, 40:456-459.

Doody RS, Massman P, Dunn JK: A method for estimating progression rates
in Alzheimer’s disease. Arch Neurol 2001, 58:449-454.

Doody RS, Pavlik V, Massman P, Rountree S, Darby E, Chan W: Predicting
progression of Alzheimer’s disease. Alzheimers Res Ther 2010, 2:2-9.

Behl P, Bocti C, Swartz RH, Gao F, Sahlas DJ, Lanctot KL, Streiner DL, Black SE:
Strategic subcortical hyperintensities in cholinergic pathways and
executive function decline in treated Alzheimer patients. Arch Neurol 2007,
64:266-272.

Terry RD, Masliah E, Salmon DP, Butters N, DeTeresa R, Hill R, Hansen LA,
Katzman R: Physical basis of cognitive alterations in Alzheimer’s disease:
synapse loss is the major correlate of cognitive impairment. Ann Neurol
1991, 30:572-580.

Bigio EH, Hynan LS, Sontag E, Satumtira S, White CL: Synapse loss is greater
in presenile than senile onset Alzheimer disease: implications for the
cognitive reserve hypothesis. Neuropathol Appl Neurobiol 2002, 28:218-227.
Rossor MN, Iversen LL, Reynolds GP, Mountjoy CQ, Roth M: Neurochemical
characteristics of early and late onset types of Alzheimer’s disease. BMJ
1984, 288:961-964.

doi:10.1186/alzrt155

Cite this article as: Lam B, et al: Clinical, imaging, and pathological
heterogeneity of the Alzheimer’s disease syndrome. Alzheimer’s Research &
Therapy 2013, 5:1.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


