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SYNOPSIS

Early-onset Alzheimer’s disease (EOAD) with onset <65 years of age, while overshadowed by the
more common late-onset AD (LOAD), differs significantly from LOAD. EOAD comprises about
5% of AD and is associated with delays in diagnosis, an aggressive course, and age-related
psychosocial needs. One source of confusion is that a substantial percentage of EOAD are
phenotypic variants that differ from the usual memory-disordered presentation of typical AD.
Patients with EOAD overall have greater parietal atrophy, more white matter abnormalities, and
less hippocampal volume loss, compared to those with LOAD. The phenotypic variants also have
atrophy and white matter changes corresponding anatomically to the cognitive changes and appear
to involve alternate neural networks relative to typical AD. The management of EOAD is similar
to that for LOAD but special emphasis should be placed on targeting the specific cognitive areas
involved and more age-appropriate psychosocial support and education.

Keywords

Dementia; Alzheimer’s disease; early-onset dementia; young-onset dementia; logopenic variant
primary progressive aphasia; progressive cortical atrophy

INTRODUCTION

Alzheimer’s disease (AD) originally meant a disorder of early-onset (EOAD; <65 years of
age) and did not include older patients with “senile dementia.” In fact, the first patient
reported with the neuropathology of AD, Auguste Deter (1850-1906), appeared to have the
onset of symptoms in her late 40’s, before being diagnosed with dementia at age 511. Her
symptoms included memory loss, confusion, language impairment, and unpredictable,
agitated, aggressive, and paranoid behavior, and, on autopsy, she had what we now recognize
as the characteristic neuropathological markers of AD, extracellular amyloid-positive
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neuritic plaques and intracellular tau-positive neurofibrillary tangles (NFTs). With the
observation of similar neuropathology associated with cognitive decline in all age groups,
investigators subsequently broadened the diagnosis of AD to include the much more
common late-onset AD (LOAD)?2. In recent years, the main focus of interest and research
has been on LOAD; however, like Auguste Deter, patients with EOAD remain an important
and impactful subgroup of patients with this disorder.

EOAD is the most common early-onset neurodegenerative dementia. The few
epidemiological studies on EOAD indicate that the vast majority are non-familial, making
up about 4-6% of all AD 3, with an annual incidence rate of about 6.3/100,000 4 and a
prevalence rate of about 24.2/100,000 in the 45-64 year age group °, or between 220,000
and 640,000 Americans 6. These incidence and prevalence rates of EOAD rise exponentially
as patients approach age 65 /. Unfortunately, EOAD is often atypical and missed, resulting
in about a 1.6 year average delay in diagnosis compared to older patients 8. Yet, from 1999
to 2010, mortality reports show that EOAD accounted for a large number of premature
deaths among US adults aged 40-64 with many years of potential life lost as well as losses
in productivity °.

EOAD vs. LOAD

EOAD is not just LOAD occurring at an arbitrarily younger age cut-off; EOAD differs from
LOAD in many respects (See Table 1). EOAD differs from LOAD in the greater extent of
evaluation required for diagnosis 19, the increased impact of dementia risk factors such as
lower cardiovascular fitness and cognitive fitness 11, and the potentially increased
consequence of traumatic brain injury the lower the age of onset of demential2. There are
psychosocial problems specific to early-onset dementia 13-17, such as the effects of
unexpected loss of independence, grief with a sense of an “out-of-step” decline in midlife,
difficulty juggling ongoing responsibilities, and relatively preserved insight with associated
depression and anxiety. Given that autosomal dominant familial AD tends to be of early
onset, there are subgroups of EOAD with higher rates of neurological symptoms than LOAD
and a greater risk for the development of AD among relatives 1819, In contrast, compared to
LOAD, EOAD patients have decreased overall comorbidities such as diabetes, obesity, and
circulatory disorders 18.

EOAD patients differ, on average, from LOAD patients on a number of clinical,
neuropsychological, neuroimaging, and neuropathological variables. Several studies indicate
that these early-onset patients have a more aggressive clinical course 20-24, EOAD,
compared to LOAD, presents less commonly with memory deficits and more frequently as
focal cortical or phenotypic variants (described below)25. Overall, EOAD patients, compared
to comparably impaired LOAD patients, have better memory recognition scores and
semantic memory 26, but they tend to have worse attention, executive functions, ideomotor
praxis, and visuospatial skills?>26. On magnetic resonance imaging (MRI), EOAD shows
greater neocortical atrophy, particularly in parietal cortex, with less atrophy in the mesial
temporal lobe (MTL) 2728, MRI shows larger sulcal widths in the temporoparietal cortex
among EOAD patients with preserved hippocampal volumes relative to LOAD?°. Resting
state fluorodeoxy glucose (FDG) positron emission tomography (PET), shows greater
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parietal hypometabolism, worse on the left in one study 30, in EOAD compared to greater
bilateral temporal hypometabolism in LOAD 1°. FDG-PET also suggests dysfunction in
brain metabolic activity especially in the salience network among EOAD patients with
behavioral disturbances 3. Neuropathologically, both EOAD and LOAD have
temporoparietal-precuneus atrophy, but EOAD patients have higher burdens of neuritic
plaques and NFTs in these regions, and, to a lesser extent, frontal cortex, than LOAD
patients 22,

EOAD, regardless of clinical variant, has an early and prominent pattern of WM damage that
is more severe in posterior areas32. Diffusion tensor imaging (DTI) measures in EOAD
demonstrate more damage to WM pathways in both deep long range limbic and association
fibers and superficially located short range association fibers in the frontal, temporal, and
parietal lobes associated with fronto-parietal dysfunction33:34, Compared with LOAD, the
WM involvement in EOAD patients is particularly greater in posterior WM (posterior
cingulate and parietal regions) and main anterior-posterior pathways with less mesial
temporal involvement34-36. Moreover, WM damage in EOAD is more widely distributed
than would be predicted by the extent of gray matter (GM) atrophy 36, Using graph theory
analysis of DTI, EOAD appears to target the nodal connectivity of the brain, mainly
affecting the rich club network in the superior frontal regions, precuneus, posterior cingulate
and insula with differential disruption of the major central hubs that transfer information
between brain regions®’.

Variant EOAD Phenotypes (or “Type 2 AD”)

One of the most important aspects of EOAD is its common presentation as a number of non-
amnestic, variant phenotypes, potentially justifying their grouping under the label “Type 2”
AD. These variants represent the young tail of the normally distributed age of AD onset
curve (See Figure 1). About 22-64% of EOAD are non-amnestic variant phenotypes, which
differ from typical amnestic AD (either EOAD or LOAD) not only in non-memory
presentations 21:38-43 hut also in the decreased prevalence of the apolipoprotein E (APOE)
e4 allele2341 and early posterior cortical NFTs with relative hippocampal sparing 4.

The variant phenotypes of EOAD constitute a number of syndromes (See Table 2) 384546,
The most common may be a language-impaired phenotype known as logopenic progressive
aphasia (LPA)35:3947  |nvestigators report a “posterior cortical atrophy” (PCA) variant with
visuospatial deficits 4849, Others suggest that a biparietal phenotype with progressive
ideomotor apraxia (P1A) and visuospatial and other deficits is a common form of EOAD 4°,
The literature stresses the occurrence of a behavioral/dysexecutive variant, sometimes
referred to as “frontal variant AD%038. In addition, patients with corticobasal syndrome,
characterized by progressive limb apraxia and motor changes, have AD in up to 25% at
autopsy®?, indicating another manifestation of variant EOAD which greatly overlaps with
PIA. These phenotypes are clinical syndromes that appear to overlap with one another, while
differing in basic respects from typical amnestic AD 52:53,

Neuroimaging studies indicate differences among the EOAD variants (further discussed
below). In general, the typical amnestic EOAD patients have more hippocampal atrophy;
whereas, the variant phenotypes of EOAD with language presentations have more left
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parietal atrophy, and the variant phenotypes of EOAD with visuospatial presentations have
more right parietal-occipital changes. Typical amnestic AD has WM damage in the genu and
splenium of the corpus callosum and the parahippocampal tract bilaterally36; whereas, the
variant phenotypes of EOAD have extensive degeneration of major anterior-posterior
connecting fiber bundles and of commissural frontal lobe tracts, implying deafferentation
within fronto-parietal cortical networks®4.

Functional MRI studies suggest that EOAD is driven by early involvement of fronto-parietal
networks (central executive and salience networks; language, working memory, and higher
visual networks) rather than the decreased posterior default mode network (DMN) and
MTL-hippocampal connectivity of typical amnestic AD 25-%8, In typical AD, functional
connectivity shows enhanced effective connectivity within frontally-based executive and
salience networks, even before the detection of any WM changes 36970, In contrast, fMRI in
EOAD demonstrates decreased fronto-parietal connectivity 42:46.71-74,

Logopenic Variant Primary Progressive Aphasia (IvPPA)

A major EOAD phenotypic variant is the progressive decline in language known as IvPPA.
Patients with this syndrome present with word-finding difficulty, decreased sentence
repetition, and abnormalities in echoic memory, with impairments in their phonological
buffer (i.e. limitations in the number of spoken words that they can keep in working
memory). Clinicians must distinguish these patients from non-fluent and semantic forms of
primary progressive aphasia (PPA) which are typically due to frontotemporal lobar
degenerations. The presence of some degree of difficulty in episodic memory and
visuospatial skills helps distinguish IvPPA from other PPAs. In addition, a history of
dyslexia is common among patients with IVPPA7>=77 suggesting a pre-existing vulnerability
in language networks. In one study, 25% of IvPPA patients had self or informant reports of
delay in spelling or reading 76.

The clinical criteria for IVPPA are as follows (See Table 3) #7: An insidious onset and
progression of: 1. Impaired single-word retrieval in spontaneous speech and naming
(anomia); 2. Impaired repetition of sentences and phrases; and 3. At least 3 of the following
must also be present: a) Speech (phonologic) errors, b) spared single-word comprehension
and object knowledge, c) spared motor speech. and/or 4. Absence of frank agrammatism.

Although some patients may have frontotemporal lobar degeneration or other pathologies,
the clinical syndrome of IvPPA usually results from AD with focal involvement of
temporoparietal language areas in the left hemisphere. Neuroimaging shows atrophy,
decreased metabolism, and decreased WM in the left temporo-parietal junction’8. Patients
with IVPPA usually have positive AD biomarkers including amyloid-PET positive scans’®
and decreased AB42/elevated tau levels in the cerebrospinal fluid (CSF)80. DTI analysis of
IVPPA reveals bilateral but predominantly left-sided alterations in frontal origin pathways
such as superior and inferior longitudinal fasciculi and the uncinate fasciculus, as well as the
parietotemporal junction (See Figure 2) 527181 Compared to typical AD, those with IVPPA
have reduced connectivity in the left posterior superior temporal region and temporal
language network, the inferior parietal and prefrontal regions and fronto-parietal networks,
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and the left working memory networks88.73.:82 and less involvement of the ventral DMN
associated with episodic memory impairment 8.

There is a pathophysiological explanation for this syndrome’s impairments. In IvPPA,
disease in the left inferior parietal lobule and superior and middle temporal gyri disturbs the
phonological loop of verbal working memory (phonological short-term memory or store that
holds phonological traces for brief periods) 68:83, resulting in deficits in digit, letter, and
word span and an absent phonological similarity effect84.

Posterior Cortical Atrophy (PCA)

Many patients with EOAD present with a progressive decline in visuospatial skills, known
as PCA or “Benson’s disease” after D. Frank Benson, who described the syndrome in
198885, Patients with this syndrome present with complex visual symptoms including alexia,
apperceptive visual agnosia, Balint’s syndrome (simultanagnosia, optic ataxia, oculomotor
apraxia) and difficulty with visuospatial localization, Gerstmann’s syndrome, and a possible
left visual field deficit with disproportionate impairments on tests of visual constructions
(See Table 4). PCA is most commonly a visual variant of AD, but may result from dementia
with Lewy bodies, Creutzfeldt-Jakob (Heidenheim variant), or other lesions or disorders
involving the posterior visual cortex. PCA patients have better verbal fluency and somewhat
less impaired episodic memory than typical AD,86 and they differ from many dementias in
having relatively preserved insight into their illness and a tendency to depression. Some
investigators suggest that PCA is a focal Alzheimer neurodegeneration of the occipital,
occipitoparietal, and occipitotemporal cortex87:88, and that there may be prior learning
disabilities and a pre-existing vulnerability in the cortical visual systems’”.

The clinical criteria for PCA are as follows (See Table 5) 4849: An insidious onset and
progression of the following: 1. Visual complaints with intact primary visual functions,
except for possible visual field deficits. 2. Evidence of predominant complex visual disorder
(oculomotor apraxia, optic ataxia, dressing apraxia, environmental disorientation, abnormal
anti-saccades, neglect, constructional difficulty, simultanagnosia, visual agnosia,
prosopagnosia). 3. Proportionally less impaired deficits in memory and verbal fluency.

Neuroimaging shows predominant areas of atrophy, hypoperfusion, and hypometabolism
from primary visual cortex through dorsal visual association cortex and posterior regions of
the temporal lobes. On DTI, there may be predominate right-sided WM changes in superior
and inferior longitudinal fasciculi, inferior fronto-occipital fasciculus, and right fronto-
parietal pathways (See Figure 2) 1489, These areas and WM tracts impact on mid-level
cortical visual processing, resulting in abnormal perceptual integration and organization, and
difficulty with figure-ground discrimination and global-local precedence. Many patients
have difficulty findings things in their spatial environment, left more than right visual field
constriction, and elements of Balint’s syndrome, especially optic ataxia with “magnetic
misreaching” towards the point of fixation when reaching for items in their peripheral
fields 90,
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Other Variants

Other than for IVPPA and PCA, there is no consensus on the number of EOAD variants or on
their classification. Two addition EOAD variants are worth noting. One is a progressive
ideomotor apraxia (P1A) variant, which overlaps with corticobasal syndrome from AD as
well as with IVPPA and PCA. This variant results from focal left parietal neuropathology and
manifests as difficulty performing learned limb movements on command and to imitation. It
is often accompanied by Gerstmann’s syndrome with acalculia, alexia with agraphia, and
problems with visual constructions. Another variant is “behavioral/dysexecutive AD”, also
described as “frontal variant AD”50. This variant can present with apathy, and half can meet
clinical criteria for behavioral variant frontotemporal dementia (bvFTD). However, persons
with behavioral/executive variant EOAD tend to perform worse on memory tests than those
with bvFTD and can show marked atrophy in bilateral temporoparietal regions with milder
atrophy in frontal cortex0,

The recent literature suggests that the variant phenotypes of EOAD could be related to each
other, potentially comprising a “Type 2” AD that differs in its neurocognitive-neural network
profile from typical amnestic AD 4243.52.53_Clinically, they all relatively spare memory, and
pathologically, they may all have hippocampal sparing with greater posterior cortical

NFTs 44, There is additionally specific involvement of left hemisphere language areas in
IvPPA 8091 and the visual neocortex in PCA 92:93 Neuroimaging data also suggest posterior
neocortical rather than mesotemporal cortical overlap of these phenotypes 78:94.9578,94,95

Cerebrospinal Fluid (CSF) and Amyloid PET Biomarkers in EOAD

Genetics

Similar to typical LOAD, amyloid p42 (ApB) peptide levels are decreased and total tau and
phospho-tau levels are increased in CSF in EOAD and its variants%. Some studies suggest
phenotypic variations in these CSF biomarkers, particularly lower tau levels in PCA 54.97.98
but this is not confirmed across studies and with neuropathology. Where EOAD differs from
LOAD is the better correspondence of lower A levels, rather than increased tau levels, with
GM atrophy %. One possible explanation for this difference is the decreased release of tau
into the ventricular space in EOAD in light of the neurodegeneration occurring further from
the ventricular surface (e.g. in the neocortex rather than medial temporal lobe lobe).

Amyloid PET is especially useful in the differentiation of EOAD from other dementias of
early onset. The prevalence of amyloid positivity decreases in AD from age 50 to 90,
particularly among apolipoprotein E (APOE) 4 noncarriers, while increasing with age in
non-AD dementias %°. This suggests an increased utility of amyloid PET among those with
dementia onset of less than 65 years of age. Amyloid positivity by PET is almost always
associated with low CSF Ap in symptomatic AD, and amyloid PET positivity is a better
predictor of clinical diagnosis 190,

Genetic changes are becoming increasing important in the analysis and understanding of
EOAD191, There is growing awareness of polymorphisms and genetic mutations that
increase susceptibility for EOAD. The identification of determinant AD genes in this
population overall, however, is rare. Despite an autosomal dominant history in about 14.2%
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of persons with EOAD, only 1.6% or so of the total EOAD population carries a presenilin 1
PSENL), presenilin 2 (PSEN2), or amyloid precursor protein (APP) gene that conveys an
autosomal dominant inheritance for AD 102, These three pathogenic mutations, which lead
to aberrant cleavage or aggregation of the APP, result in the more typical amnestic AD but
can have distinctive features such as spastic paraparesis, early myoclonus, seizures,
dysarthria, pseudobulbar affect, more extensive amyloid angiopathy, and atypical amyloid
plague morphology and distributionl93{Ringman, 2016 #964}. Nevertheless, there may be a
need to screen EOAD patients for these mutations. Investigators report a PSENI mutation In
an analysis of a specimen from Auguste Deter, Alzheimer’s original patient 194, and some
PSEN1 mutations, such as A79V, can be variable and sometimes mild with ages of onset
ranging from 53-84105. One study found three PSEN1 and one PSEN2 in 4 (1.5%) of 264
EOAD patients, but no effect of having a positive family history of LOAD 106, Another
whole-exome sequencing of 23 German patients with EOAD revealed 3 with potential
pathogenic PSEN2 variants197. Finally, on screening 451 sporadic EOAD for known
causative mutations of the APP gene, investigators found four heterozygous for A713T,
V7171, V717G 108,

There is a polygenic risk for AD from a number of susceptibility genes, but none increases
risk as much as does the presence of the APOE &4 allele. APOE is a regulator of lipoprotein
metabolism that binds soluble Ap and influences its clearance and aggregation. The
presence of e4 alleles accelerate Ap deposition; one allele increases AD risk three-hold, and
two alleles increases AD risk twelve-fold. For typical amnestic AD, the presence of an 4
allele decreases the age of onset (but, paradoxically, within EOAD it occurs within the older
rangel99); whereas, 3 alleles tend to be found in variant phenotypes of EOAD, and &2
alleles decrease the risk or delays AD. Other rare variants that increase risk for EOAD occur
in genes including SORL1 (sortilin-related receptor, L(DLR class)), a neuronal APOE
receptor that plays a protective role against the secretion of AB0; the ABCA7 (ATP
binding cassette subfamily A member 7), which was present in 6.6% of EOAD patients
compared to only 2.0% of controls!11; and coding variants such as PLD3 (phospholipase D
Family Member 3), which catalyzes the hydrolysis of membrane phospholipid, and TREM2
(Triggering Receptor Expressed On Myeloid Cells 2), a receptor on microglia that stimulates
phagocytosis and suppresses inflammation 101,

Neuropathology

The neuropathology of EOAD resembles that of LOAD in the presence of neuritic plaques
and neurofibrillary tangles, but differs in a number of respects. First, there is a greater
likelihood of hippocampal sparing and more involvement of neocortex, particularly parietal
and occipitoparietal, but also, to a lesser extent, frontal4. Second, despite early Ap
deposition, the clinicopathological manifestations are driven more by tau than by A, with a
relatively greater tau burden in EOAD than in LOAD. For example, in IvPPA the regional
tau deposition in the left inferior parietal lobule is more closely linked to hypometabolism
than amyloid density 112, and in PCA the best correspondence with clinical symptoms is
with the tau burden!3. Although unclear, it is possible that EOAD variants could result from
differences in the “strains” of soluble Ap or oligomeric Ap. Third, EOAD variants may also
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depend on greater WM involvement and selective vulnerability of long, projection neurons
which connect higher association cortex’®.

Neural Networks

The human brain is organized as separate networks, and there is growing evidence that AD
targets and spreads along network pathways with different networks being involved in
different clinicopathological forms of AD 97.114.115.116-118 prggressive changes and
disconnection in neural networks are present before symptom onset in AD and before
neuronal loss and regional atrophy 119-122_ All forms of AD may begin with amyloid-p
(Ap) deposition in the precuneus and related areas years before clinical symptoms, and this
amyloid deposition has a permissive effect on tau and NFT spread 123-125, The network
degeneration hypothesis postulates that Ap promotes the spread of pathological forms of tau
trans-synaptically along networks, which, in typical amnestic AD follows the “Braak and
Braak progression” from the MTL-entorhinal-hippocampus to limbic and then neocortical
regions probably along the DMN 126131 EQAD variant phenotypes reflect differences from
typical amnestic AD in probable trans-synaptic spread along alternate fronto-parietal neural
networks such as the central executive network 126:132.133 1n sum, the literature suggests
that Type 2 EOAD proceeds to earlier and more prominent NFTS in posterior neocortex

compared to LOAD, and involves alternate, vulnerable neural networks rather than the
DMN .27,34,38,73,78,91,134-148

Management

Management is similar to that for LOAD but with emphasis on targeting the specific
cognitive areas involved and more age-appropriate psychosocial support and education.
Targeting cognition includes speech therapy for language impairment, interventions for the
partially-sighted for PCA, and occupational therapy for ideomotor apraxia. There must be
greater psychosocial support for these patients, who are often in a highly productive time of
their life, maintaining jobs and careers and supporting families. Clinicians can help these
patients and their families by providing information, education, and resources on these
frequently poorly understood manifestations of AD. Clinicians must also take care to
provide services, such as support groups, that are specifically for those with young-onset
dementia, rather than the elderly. Often the best support groups and programs are even more
specifically targeted to the EOAD phenotype. For example, groups of IvPPA caregivers may
discuss methods to improve communication, and groups of PCA caregivers may discuss
methods to improve visual functioning in the home. As for medications, non-memory
symptoms may not significantly respond to acetylcholinesterase inhibitors or memantine,
but, considering their safety, these interventions are worth trying in these patients. Finally, in
the absence of disease-modifying interventions, patients and families usually appreciate the
opportunity to participate in clinical drug trials.

CONCLUSIONS

Early-onset Alzheimer’s disease (EOAD) with onset <65 years of age, while overshadowed
by the more common late-onset AD (LOAD), differs significantly from LOAD. EOAD
comprises about 5% of AD and is associated with delays in diagnosis, distress and confusion

Neurol Clin. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mendez

Page 9

over symptoms, an aggressive or problematic course, and age-related psychosocial needs.
One source of confusion is that a substantial percentage of EOAD are phenotypic variants
(“Type 2 AD”) that differ from the usual memory-disordered presentation of typical AD.
These variants include IvPPA, PCA, PIA and corticobasal syndrome from AD, and
behavioral/dysexecutive AD. In addition, there is a small percentage (1.5-5%) of persons
with EOAD in whom the disease is inherited as an autosomal dominant trait due to
identifiable gene mutations.

Patients with EOAD overall have greater parietal atrophy, more white matter disturbances,
and less hippocampal volume loss, compared to those with LOAD. The phenotypic variants
have atrophy and white matter changes in corresponding cognitive areas of the brain. On
neuropathology, patients with EOAD overall have disproportionate regional amyloid and tau
accumulation in posterior neocortex. Abnormal tau drives this neocortical pathology with
greater posterior cortical NFTs per gray matter atrophy compared to typical AD. The focal
neocortical burden of NFTSs is greater in left hemisphere language areas in IvPPA and in
visual neocortex in PCA. The variants tended to hippocampal sparing compared to typical
AD, and, in more advanced stages, the pattern of atrophy converged across the variants49.

Neural network differences characterize EOAD and the different phenotypes. Compared to
LOAD, the phenotypic variants of EOAD involve alternate, fronto-parietal and syndrome-
specific neural networks rather than the posterior DMN as in typical AD. Language
networks are affected in IvPPA, visual networks in PCA, and the posterior cingulate cortex-
hippocampal circuit in amnestic EOAD and LOAD. In Type 2 AD there may be primarily
spread along alternate neural networks rather than from mesiotemporal entorhinal cortex
along the DMN as in more typical amnestic AD.

These scientific advancements in our understanding of EOAD and its variants is only a first
step in advancing our management of this disorder, which is particularly devastating because
of its onset in middle life. Currently, the management is similar to that for LOAD with the
addition of targeting interventions for specific cognitive impairments, the provision of
education on the disease, and psychosocial support aimed at the unique patient and caregiver
problems due to EOAD. The advancements in our understanding of the neurobiology of
EOAD holds great promise for the development of therapeutic interventions specifically
targeted to the initiation, spread, and expression of the neuropathology of this disease.
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KEY POINTS

EOAD is not just LOAD at a younger age; there are substantial differences
between these two categories of Alzheimer’s disease.

Compared to LOAD, EOAD has greater neocortical pathology, particularly in
parietal cortex, greater tau compared to amyloid burden, and less hippocampal
disease.

Up to 50% or more of patients with EOAD have non-amnestic, phenotypic
variants, including logopenic variant primary progressive aphasia, posterior
cortical atrophy, progressive ideomotor apraxia, behavioral/dysexecutive AD,
corticobasal syndrome, and others. These may be conceptualized as “Type 2
AD.”

Compared to LOAD, the phenotypic variants of EOAD preferentially involve
alternate, fronto-parietal neural networks rather than the posterior default
mode network.

The management of EOAD differs from LOAD in the emphasis on targeted
cognitive interventions and age-appropriate psychosocial support.
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Figure 1.
Type 2 AD (variant phenotypes of EOAD) vs. Typical amnestic AD (aEOAD and aLOAD).

Significantly modified and adapted from Van der Flier et al, 2011{van der Flier, 2011 #5}.
The non-amnestic variant phenotypes (logopenic variant primary progressive aphasia,
posterior cortical atrophy, and other proposed variants) tend to occur in the early-onset age
range and are depicted as colored lines.
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Figure 2. Voxel-based morphometry of parietal overlap of EOAD phenotypes78
Light green represents overlap of all EOAD variants. Green=Type 2 AD-IVvPPA; Blue=Type

2 AD-PCA; Red= Other EOAD.

Source of neuroimage: Migliaccio R, Agosta F, Rascovsky K, et al. Clinical syndromes
associated with posterior atrophy: early age at onset AD spectrum. Neurology. 2009;73(19):
1571-1578.
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TABLE 1

Early-Onset Alzheimer’s Disease

Differences in Comparison to the More Common Late-Onset Disorder

Greater delay to diagnosis
Lower cardiovascular fitness
Lower cognitive reserve
Lower incidence of diabetes, obesity, circulatory disorders
Higher prevalence of traumatic brain injury (TBI), with evidence that TBI lowers age of onset of dementia
Greater psychosocial problems
- Unexpected loss of independence
- Grief, severe and feeling the dementia is “out-of-step” with age
- Difficulty juggling active responsibilities (job and family)
More insight and depression
Lower frequency of the APOE €4 allele
Subset with familial AD, neurological symptoms, and/or increased family risk
More aggressive course
Increased occurrence of non-amnestic, focal variants or phenotypes with early posterior neocortical involvement
Relatively greater deficits in attention, executive functions, praxis, and visuospatial functions
Greater neocortical atrophy in parietal areas and temporoparietal junction sulcal width on neuroimaging
Greater parietal vs. temporal hypometabolism
Less hippocampal and mesial temporal lobe disease and hippocampal volume loss compared to LOAD
Greater white matter changes, especially in posterior association areas and fronto-parietal networks
Decreased central hubs, nodal connections, and rich club networks
Decreased involvement of mesial temporal-posterior cingulate network of default mode network (DMN)

Greater involvement of non-DMN neural networks, including central executive, language, working memory, and visuospatial
networks

Higher burden of neurofibrillary tangles and neuritic plaques, especially in posterior neocortex

Greater tau/neurofibrillary tangle load per stage of dementia and per gray matter atrophy
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Alternative Classifications for Variant Phenotypes of EOAD
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Brain Regions

Koedam et al, 20104
=87

Alladi et al, 20073°

Stopford et al, 200838*
=17

Left Parietal

Apraxia/visuospatial (37.5%)

Corticobasal syndrome (17.5%)

Praxis (23.5%)

Left Parietal Left
Temporooccipital

Language (28.1%), Aphasia-Apraxia-
Agnosia (25%)

Language (56%): [Nonfluent (35%),

Semantic (6%), Mixed (15%)]

Language (23.5%)

Dorsolateral Frontal

Dysexecutive (6.3%0)

Non-AD: FTD (6%)

Dysexecutive (41.2%)

Right Parietal, Right

Temporoccipital

Posterior cortical atrophy (3.1%)

Posterior cortical atrophy (20.5%)

Perceptuo-spatial (11.8%)

[* With this exception, the dysexecutive phenotype may be less common in EOAD, vs. LOAD 38,150‘155.]
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TABLE 3

Characteristics of Logopenic Variant Primary Progressive Aphasia (IvPPA)

. An insidious onset and progressive disorder of language

. Word finding difficulty with frequent word-finding pauses, may have circumlocutions
. Decreased word retrieval with phonological paraphasias (errors)

. Disproportionately decreased repetition of sentences (“hallmark finding”)

. Decreased comprehension for long (not complex) sentences but not for words

. Preserved grammar and articulation (motor speech)

. Other evidence of decreased phonologic store (e.g., decreased digit or word span)

. Word-length effect but decreased phonological similarity effect

Left posterior temporal/inferior parietal dysfunction on neuroimaging
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Table 4

Complex Visual Disorders among PCA Patients (approximate order of frequency)

. Alexia (> oral difficulty)

. Balint’s (whole or partial), especially optic ataxia

. Visual object agnosia

. Environmental disorientation

. Dressing apraxia/other spatial

. Prosopagnosia (apperceptive)

. Color perception problems

. Hemispatial neglect or visual field constriction on the left

Adapted from Mendez et al, 200249
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TABLE 5
Developing Criteria for Posterior Cortical Atrophy{Crutch, 2012 #291}*

« CLINICAL FEATURES:
Insidious onset and gradual progression
Prominent early disturbances of visual and/or other posterior cognitive symptoms/signs

* COGNITIVE FEATURES:
At least 3 of the following must be early or presenting features: Visuospatial difficulty, elements of Balint’s syndrome, visual object agnosia,
visuoconstructional difficulty, environmental disorientation, dressing apraxia, alexia, elements of Gerstmann’s syndrome, ideomotor apraxia,
apperceptive prosopagnosia, visual field deficit
All of following must be evident: Relative sparing of anterograde memory, speech and verbal language, executive functions, and behavior and
personality

*« NEUROIMAGING:
Predominant occipito-parietal or occipito-temporal changes

* EXCLUSION CRITERIA:
Lesions or disorders of the brain that could cause similar symptoms and findings

*
Consortium developing criteria under the leadership of Sebastian Crutch, M.D.
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