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Early-onset Alzheimer
Disease and Its Variants
By Mario F. Mendez, MD, PhD, FAAN

ABSTRACT
PURPOSE OF REVIEW: Early-onset Alzheimer disease (AD) is defined as
having an age of onset younger than 65 years. While early-onset AD is
often overshadowed by the more common late-onset AD, recognition
of the differences between early- and late-onset AD is important for
clinicians.

RECENT FINDINGS: Early-onset AD comprises about 5% to 6% of cases of AD
and includes a substantial percentage of phenotypic variants that differ
from the usual amnestic presentation of typical AD. Characteristics of
early-onset AD in comparison to late-onset AD include a larger genetic
predisposition (familial mutations and summed polygenic risk), more
aggressive course, more frequent delay in diagnosis, higher prevalence of
traumatic brain injury, less memory impairment and greater involvement
of other cognitive domains on presentation, and greater psychosocial
difficulties. Neuroimaging features of early-onset AD in comparison to
late-onset AD include greater frequency of hippocampal sparing and
posterior neocortical atrophy, increased tau burden, and greater
connectomic changes affecting frontoparietal networks rather than the
default mode network.

SUMMARY: Early-onset AD differs substantially from late-onset AD, with
different phenotypic presentations, greater genetic predisposition, and
differences in neuropathologic burden and topography. Early-onset AD
more often presents with nonamnestic phenotypic variants that spare the
hippocampi and with greater tau burden in posterior neocortices. The
early-onset AD phenotypic variants involve different neural networks than
typical AD. The management of early-onset AD is similar to that of
late-onset AD but with special emphasis on targeting specific cognitive
areas and more age-appropriate psychosocial support and education.

INTRODUCTION

H
istorically, Alzheimer disease (AD) was initially characterized as
a neurodegenerative disorder presenting in early life or midlife,
with onset at younger than 65 years of age (what is now called
early-onset AD). Alois Alzheimer originally described the
extracellular amyloid-positive neuritic plaques and intracellular

tau-positive neurofibrillary tangles of AD in the brain of a 51-year-old woman
with memory and language impairments and behavioral changes.1 In the late
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1960s and early 1970s, investigators stressed the presence of similar neuritic
plaques and neurofibrillary tangles in elderly individuals with dementia, thus
shifting the Alzheimer focus to the far-larger numbers of patients with late-onset
AD. Despite being overshadowed by late-onset AD, patients with early-onset AD
(about 5% to 6% of all those with AD2) are significantly different in their clinical
and neurobiological features and require different management strategies. Some
investigators even suggest that these differences are sufficient to constitute a
distinct form of the disorder.3

Early-onset AD is defined as AD with clinical onset younger than 65 years of
age; it is the most common cause of early-onset neurodegenerative dementia.4

Early-onset AD accounts for at least one-third of patients with young-onset
dementia, with the rest having vascular cognitive impairment, frontotemporal
dementia, drug-related conditions, Lewy body disease, or autoimmune or
infectious causes. In those 45 to 64 years of age, early-onset AD has an incidence
rate of about 6.3 per 100,000 per year5 and a prevalence rate of about 24.2 per
100,000,6 with 2006 estimates of between 220,000 and 640,000 people with
early-onset AD in the United States.7 Even within this early-onset group, AD risk
still increases with age, with the number of cases of early-onset AD rising
exponentially as the age of onset approaches 65.8

CLINICAL FEATURES
Many differences exist between early-onset and late-onset AD (TABLE 2-19).
Early-onset AD is not just AD at a younger age. First, early-onset AD has a
significant genetic predisposition involving a direct autosomal dominant
transmission in a subgroup and a higher polygenic susceptibility in general.
Patients with an autosomal dominant familial form of early-onset AD not only
have an increased risk for the development of AD among relatives, but may also
have atypical clinical features, including headaches, myoclonus, seizures, gait
abnormalities, pseudobulbar palsy, or hyperreflexia.10,11 Second, overall
deterioration is faster in early-onset AD as compared to late-onset AD (not
related to APOE).12 Several studies indicate that patients with early-onset AD
have a potentially more aggressive clinical course.13–15 After controlling for the
direct effects of aging on mortality, patients with early-onset AD are at a greater
risk for mortality compared to those with late-onset AD,16 and early-onset AD
accounts for a large number of premature deaths among those 40 to 64 years of
age.17 Third, patients with early-onset AD have a longer duration of the disease
before diagnosis (about 1.6 years),12,18 probably reflecting missed or delayed
diagnosis or a greater extent of evaluation for diagnosis.19 Fourth, patients with
early-onset AD aremore likely to have a history of traumatic brain injury as a risk
factor for dementia.20 However, patients with early-onset AD have decreased
cerebrovascular risk factors, circulatory problems, diabetes mellitus, and obesity
than those with late-onset AD.10,21,22

Perhaps most important, the overall clinical profile of early-onset AD differs
from that of late-onset AD. A high proportion of patients with early-onset AD
present with language, visuospatial, or dysexecutive phenotypes rather than the
usual amnestic disorder seen in late-onset AD.23 In the aggregate, patients with
early-onset AD, compared to similarly impaired patients with late-onset AD,
have better memory recognition scores and semantic memory but worse
attention, language, executive functions, ideomotor praxis, and visuospatial
skills.23–26

KEY POINTS

● Early-onset Alzheimer
disease, which makes up
about 5% to 6% of all cases
of Alzheimer disease, is
distinct from late-onset
Alzheimer disease in a
number of clinical, genetic,
neurobiological, and
management features.

● Early-onset Alzheimer
disease is the most common
cause of early-onset
neurodegenerative
dementia.

● Many clinical,
neuropathologic, and
management differences
exist between early-onset
and late-onset Alzheimer
disease.

● One major difference
between early-onset and
late-onset Alzheimer
disease is that one-third or
more of patients with
early-onset Alzheimer
disease present with
language, visuospatial, or
other phenotypes rather
than the usual amnestic
disorder seen in late-onset
Alzheimer disease.

● MRI of patients with
early-onset Alzheimer
disease shows more
widespread cortical
atrophy, particularly in the
parietal cortex, compared to
the more limited atrophy
affecting temporal regions
in patients with late-onset
Alzheimer disease.

● Fludeoxyglucose positron
emission tomography
shows greater parietal
hypometabolism in early-
onset Alzheimer disease
compared to greater
bilateral temporal
hypometabolism in late-
onset Alzheimer disease.

CONTINUUMJOURNAL.COM 35

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



NEUROIMAGING AND CEREBROSPINAL FLUID BIOMARKERS
MRI of patients with early-onset AD demonstrates more widespread cortical
atrophy, particularly in the parietal cortex, compared to patients with late-onset
AD, in which the atrophy is more limited to temporal regions.25 Compared to
late-onset AD, early-onset AD shows larger sulcal widths in the temporoparietal
cortex and less volume loss in hippocampi.27–29 In early-onset AD, prominent
atrophy of the posterior cingulate cortex, compared to the prominent atrophy of
the medial temporal lobe in late-onset AD, is consistent with early involvement
of distinct intrinsic connectivity networks (FIGURE 2-1).26 Resting-state
functional MRI (fMRI) findings support this conclusion, with smaller functional
changes of the cortical regions connected to the hippocampus in early-onset
AD compared to late-onset AD.30

Consistent with the MRI findings, fludeoxyglucose positron emission
tomography (FDG-PET) shows greater parietal hypometabolism in early-onset
AD compared to greater bilateral temporal hypometabolism in late-onset AD.31,32

The parietal hypometabolism in early-onset AD involves the temporoparietal
junctions and the posterior cingulate cortex.25 FDG-PET hypometabolism is
more concentrated in paralimbic regions in amnestic early-onset AD.33

FDG-PET further suggests dysfunction in the salience network among

TABLE 2-1 Characteristics of Early-onset Alzheimer Disease Compared to Late-onset
Alzheimer Diseasea

◆ Large percentage of nonamnestic phenotypic variants (logopenic variant primary progressive
aphasia, posterior cortical atrophy, behavioral/dysexecutive, acalculia, corticobasal syndrome)

◆ Genetic predisposition: About 1 in 10 patients has an autosomal dominant familial Alzheimer
disease (PSEN1, PSEN2, APP), and there is a high polygenic risk score of susceptibility genes

◆ Higher APOE ε4 frequency in amnestic early-onset Alzheimer disease but less in variant
phenotypes

◆ More aggressive course with high rate of mortality

◆ Delay in diagnosis of about 1.6 years

◆ Higher prevalence of traumatic brain injury (which lowers age of onset) and lower vascular
risk factors

◆ Overall less semantic memory impairment and greater attention, executive, praxis, and
visuospatial difficulties

◆ Greater psychosocial problems (unexpected midlife “out-of-step” loss; continued work,
financial, family responsibilities; retained insight with depression, anxiety, suicide risk)

◆ Hippocampal sparing and less mesial temporal lobe disease

◆ Greater posterior (parietal, temporoparietal junction) neocortical atrophy and hypometabolism
versus temporal atrophy and hypometabolism

◆ Higher burden of tau/neurofibrillary tangles per gray matter atrophy and stage of dementia,
especially in focal phenotypic areas (reflected in tau imaging)

◆ Greater involvement of white matter tracts in posterior association areas and frontoparietal
networks and greater involvement of non–default mode neural networks rather than the
default mode network

a Data from Mendez MF, Neurol Clin.9
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patients with early-onset AD with behavioral disturbances.34 Those with
language and dysexecutive presentations have hypometabolism in the
corresponding areas.

Recent developments in amyloid and tau PET imaging may revolutionize
the evaluation of patients with early-onset AD. Since amyloid positivity
increases with age,35 amyloid PET is particularly useful in the differential
diagnosis of early-onset AD, in which it usually correlates with low CSF
amyloid-β.36 Amyloid PET imaging with flutemetamol demonstrated positive
scans in most patients with a pre-PET diagnosis of early-onset AD. Using
amyloid PET in this population changed diagnosis in about one-fifth of patients,
altered management in more than one-third of patients, and led to a nearly 20%
mean increase in diagnostic confidence.37 Similar to neuropathologic studies, the
relationship between the location of amyloid burden on PET does not tightly
correspond to clinical symptoms, although amyloid imaging with Pittsburgh
compound B (PiB) may show greater retention in the bilateral thalamus and
some parts of the globus pallidus in early-onset AD compared to late-onset AD.38

However, tau PET signal better correlates with clinical symptoms.39–41 Using
[18F]flortaucipir tau imaging, studies show significantly greater uptake in
early-onset AD compared to late-onset AD, not only throughout the neocortex
but also in prefrontal and premotor cortices as well as in the inferior parietal
cortex, compared to higher [18F]flortaucipir retention in temporal lobe regions in
late-onset AD.42 Tau PET regional uptake patterns also correspond to phenotypic
variants and cortical atrophy patterns, with greater tau binding in the left
anterior superior temporal gyrus with language dysfunction and in the
parietooccipital cortex and right lingual gyrus with visuospatial dysfunction.43,44

Similar to typical late-onset AD, CSF analysis in early-onset AD shows the
typical low amyloid-β1-42 and high total tau and phosphorylated tau levels that
characterize AD but with some variations.45 There appears to be a better
correspondence of decreased amyloid-β1-42 levels versus increased tau levels with

KEY POINTS

● Amyloid positron
emission tomography is
positive in most patients
with early-onset Alzheimer
disease who would not
be expected to have
age-associated brain
amyloid deposition and
can be useful in diagnosis
of the disorder.

● Tau positron emission
tomography has promise for
future use in early-onset
Alzheimer disease,
particularly in correlating
localization of changes with
clinical symptoms.

● CSF analysis in
early-onset Alzheimer
disease is similar to
late-onset Alzheimer
disease, showing the
characteristic low
amyloid-β1-42 and high total
tau and phosphorylated tau
levels but with some
variations.

● The vast majority of
patients with early-onset
Alzheimer disease have a
nonfamilial, or sporadic, form.

● Only 11% or less of those
with early-onset Alzheimer
disease (about 0.6% of the
total of all patients with
Alzheimer disease of any
age) have familial Alzheimer
disease associated with one
of the three knownautosomal
dominant mutations in APP,
PSEN1, or PSEN2.

● An active area of genetic
research is the recognition
of a polygenic risk for
sporadic early-onset
Alzheimer disease from a
number of susceptibility
genes.

FIGURE 2-1
Tensor-based morphometry studies of MRI (A) and fludeoxyglucose positron emission
tomography (FDG-PET) overlaid on normalized T1-weighted MRI (B) showing subtraction of
late-onset Alzheimer disease (AD) changes from those for early-onset AD. Both neuroimaging
techniques reveal greater involvement of parietal regions in early-onset AD (brown on MRI,
blue on FDG-PET).31 Greater precuneus/parietal atrophy (A) and hypometabolism (B) are
seen in early-onset AD compared to with late-onset AD, indicating differences in the
distribution of neuropathology.
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gray matter atrophy in early-onset AD compared to late-onset AD.45 Some
studies suggest lower tau levels among the phenotypic variants, particularly
posterior cortical atrophy.46 Additionally, a disproportionate decrease in
amyloid-β1-43, rather than the usual amyloid-β1-42, levels may be seen,47

suggesting differential deposition of amyloid-β peptides in early-onset AD
compared to late-onset AD.

GENETICS
When considering early-onset AD, clinicians are often concerned with a familial
formof the disease. Indeed, some, but not all, investigators have considered a PSEN1
mutation in Auguste Deter, Alzheimer’s original patient.48 In actuality, the vast
majority of patients with early-onset AD have a nonfamilial, or sporadic, form.49

Only approximately 11% of those with early-onset AD (about 0.6% of the total of all
patients with AD, including the late-onset form) have familial AD associated with
one of the three known autosomal dominant mutations: amyloid precursor protein
(APP), presenilin 1 (PSEN1), or presenilin 2 (PSEN2).50 Studies screening for
these genes in patients with early-onset AD report a prevalence of 0.8% for APP,
1.1% for PSEN1, and as high as 13% for potential pathogenic variants of PSEN2,
which can present even after age 65.51–53 These forms of familial AD are usually
inherited from a parent with a similar age of onset of early-onset AD, generally in
the forties or fifties (having a positive family history of late-onset AD has no
effect).51 These three pathogenic mutations, which lead to aberrant cleavage or
aggregation of the amyloid precursor protein, result in the more typical amnestic
AD but can have diagnostic features such as spastic paraparesis, early myoclonus,
seizures, dysarthria, pseudobulbar affect, more extensive amyloid angiopathy,
and atypical amyloid plaque morphology and distribution.54 Some PSEN1
mutations (such asA79V) can be variable and sometimesmild, with ages of onset
ranging from 53 to 84.55

In addition to the familial AD genes, a polygenic risk for AD exists from a
number of susceptibility genes. Compared to patients with late-onset AD, those
with early-onset AD have a higher frequency of two apolipoprotein E (APOE) ε4
alleles12; APOE is the main AD susceptibility gene, and the presence of an APOE
ε4 allele reportedly accounts for about 9.12% of the heritability of early-onset
AD.56 The APOE gene regulates the lipoprotein metabolism that binds soluble
amyloid-β and influences its clearance and aggregation. The presence of an
APOE ε4 allele is associated with extensive white matter disruption; the absence
of any ε4 allele is associated with more focally posterior gray matter changes in
the neocortex.57 For typical amnestic AD, the presence of an ε4 allele decreases
the age of onset,58 whereas ε3 alleles tend to be found in variant phenotypes
(language, visuospatial) of early-onset AD. BeyondAPOE, recent whole-genome
and whole-exome studies indicate more than 20 loci for genes involved in
different metabolic pathways, each of which adds a small contributing risk for
early-onset AD.56,59 These include sortilin related receptor 1 (SORL1); the
anti-inflammatory microglial triggering receptor expressed on myeloid cells 2
(TREM2)50; ATP binding cassette subfamily A member 7 (ABCA7); and others
involved in endocytosis or endolysosomal transport, immunologic reactivity,
and lipid metabolism (eg, PLD3, PSD2, TCIRG1, RIN3, and RUFY1).49 An
important development is the combination of these genes into a polygenic risk
score, which may predict the occurrence of early-onset AD with accuracies of
72.9% to 75.5%.60

EARLY-ONSET ALZHEIMER DISEASE
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NEUROPATHOLOGY
Both early-onset AD and late-onset AD have neuritic plaques and neurofibrillary
tangles, but patients with early-onset ADhave greater tau burdens in parietal and
precuneus regions and, to a lesser extent, the frontal cortex than patients with
late-onset AD.23,61 Early-onset AD has faster atrophy rates in the bilateral
precuneus and parietal and superior temporal lobes independent of white matter
changes or APOE status.62 Patients with early-onset AD are more likely to have
hippocampal sparing, particularly among the nonamnestic variants, and they
have more involvement of the corresponding neocortex.61,63 It is possible that
the neuropathologic cascade in early-onset AD variants is initiated through
deposition of different strains of soluble oligomeric amyloid-β. Nevertheless,
tau and neurofibrillary tangles, more than amyloid-β1-42 and neuritic plaques,
correspond with the features of early-onset AD, with a relatively greater tau
burden in early-onset AD than in late-onset AD. Whereas the distribution of
amyloid is diffuse, a significant focal correlation exists between the location and
density of neurofibrillary tangles and cognitive symptoms, cerebral blood flow,
and atrophy or functional changes in early-onset AD.64 Early-onset AD variants
also develop greater white matter involvement and selective vulnerability of long
projection neurons that involve posterior cingulate and parietal regions and
mediate frontoparietal functions rather than the mesial temporal involvement of
late-onset AD.65

PHENOTYPIC VARIANTS OF EARLY-ONSET ALZHEIMER DISEASE
Nonamnestic variant presentations are particularly characteristic of early-onset
AD. No universally accepted classification of the phenotypic variants has been
established. Commonly accepted variants are those that present with language
impairment (known as logopenic variant primary progressive aphasia [PPA]);
those that present with visuospatial or visuoperceptual impairments (known as
posterior cortical atrophy); frontal or behavioral/executive variants; and a number
of parietal syndromes, such as the acalculia variant of early-onset AD.66–71 In
addition, patients who meet criteria for corticobasal syndrome, with progressive
limb apraxia and asymmetric motor changes, have AD in up to 25% at
autopsies,72 indicating another phenotypic variant of early-onset AD. These
variants, which account for one-fifth to two-thirds of those with sporadic
early-onset AD,73 overlap with one another but, as a group, are distinct from the
earliest typical amnestic forms of AD (FIGURE 2-274). Compared to the more
typical amnestic form of early-onset AD, the phenotypic variants are more likely
to be hippocampal sparing and develop prominent early posterior neocortical
neurofibrillary tangles.61 The phenotypic variants appear to have early
involvement of frontoparietal networks rather than the decreased posterior
default mode network and medial temporal lobe-hippocampal connectivity of
typical amnestic AD.75,76 Also, unlike amnestic early-onset AD, the phenotypic
variants tend to be less associated with APOE ε4.74,77

Logopenic Variant Primary Progressive Aphasia
The most common phenotypic variant of early-onset AD presents with a
progressive decline in language with relatively sparedmemory and cognition due
to focal Alzheimer neuropathology in temporoparietal language areas in the left
hemisphere, especially the superior/midtemporal gyrus, angular gyrus, and
midfrontal cortex (TABLE 2-2).66,78 This progressive aphasia has “logopenic”

KEY POINTS

● On neuropathology,
patients with early-onset
Alzheimer disease
(especially with the variants)
are more likely to have
hippocampal sparing with
increased neocortical tau
pathology, particularly in
the parietal cortex and, to a
lesser extent, the frontal
cortex, than patients with
late-onset Alzheimer
disease.

● On neuropathology, tau
and neurofibrillary tangles,
more than amyloid-β1-42
and neuritic plaques,
correspond with the
features of early-onset
Alzheimer disease, with a
relatively greater tau burden
in early-onset Alzheimer
disease than in late-onset
Alzheimer disease.

● Phenotypic variants of
early-onset Alzheimer
disease include those that
present with language
impairment (known as
logopenic variant primary
progressive aphasia),
those that present with
visuospatial or
visuoperceptual
impairments (known as
posterior cortical atrophy),
frontal or behavioral/
executive variants, a number
of parietal syndromes (such
as the acalculia variant of
early-onset Alzheimer
disease), and a subgroup of
patients with corticobasal
syndrome.

● Phenotypic variants of
early-onset Alzheimer
disease may involve
alternative frontoparietal
neural networks rather than
the posterior default mode
network implicated in
late-onset Alzheimer
disease.
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aspects, including word-finding difficulty with hesitations or false starts and
repetition difficulty for both long sentences and forward digit span (CASE 2-1).79

In logopenic variant PPA, left temporoparietal degeneration disturbs the
phonologic loop of verbal working or echoic memory,80 resulting in an impaired
phonologic buffer for holding words or digits online, hence the characteristic
inability to repeat long sentences. In addition, a history of dyslexia is common
among patients with logopenic variant PPA,65 suggesting a preexisting
vulnerability in language networks. Other forms of PPA, such as the nonfluent/
agrammatic and semantic variants, are non-Alzheimer syndromes due to
frontotemporal lobar degeneration. The presence of some degree of difficulty
in episodic memory and visuospatial skills helps distinguish logopenic variant
PPA from these other PPAs.

TABLE 2-2 Characteristics of Logopenic Variant Primary Progressive Aphasia

◆ An insidious onset and progressive disorder of language

◆ Word-finding difficulty with frequent word-finding pauses; may have circumlocutions
(intermediate fluency between the nonfluent/agrammatic and semantic primary
progressive aphasia variants)

◆ Overall decreased verbal output and slower rate

◆ Decreased word retrieval with phonologic paraphasias (errors)

◆ Disproportionately decreased repetition of sentences (hallmark finding)

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

◆ Preserved grammar (although it may be syntactically simple)

◆ Preserved motor articulation

◆ Other evidence of decreased phonologic store (eg, decreased digit or word span)

◆ Left posterior temporal/inferior parietal dysfunction on neuroimaging

FIGURE 2-2
Phenotypic variants of early-onset Alzheimer disease compared to typical amnestic Alzheimer
disease across the age spectrum. The different colored lines in the graph are meant to
represent the probable distributions of different phenotypic variants of early-onset Alzheimer
disease, such as posterior cortical atrophy, logopenic variant primary progressive aphasia,
the behavioral/dysexecutive variant, and the acalculic variant.
Modified with permission from van der Flier WM, et al, Lancet Neurol.74 © 2010 Elsevier Ltd.
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In logopenic variant PPA, neuroimaging and CSF studies usually reveal
abnormalities consistent with early-onset AD. Neuroimaging shows focal
atrophy and decreased metabolism in the left temporoparietal junction.81

Word-finding difficulty and anomia in logopenic variant PPA correlate with
thinning in the left superior temporal gyrus,82 which is less responsive to some
characteristics of auditory speech,83 and early memory impairment may also
be due to this nonhippocampal temporal involvement.84 The analysis of white
matter tracts and connections in logopenic variant PPA reveals bilateral but
predominantly left-sided alterations in frontoparietal pathways (FIGURE 2-3)80,85,86

and less involvement of the hippocampal-associated default mode network
that is associated with episodic memory impairment in typical Alzheimer
disease. Amyloid PET scans are positive in about 85% of patients diagnosed with

CASE 2-1A 53-year-old woman presented with a 2-year history of a progressive
decline in her ability to find words and pronounce them correctly. She
also could not repeat or understand sentences when they were too long.
She underwent an evaluation before presenting to clinic, which included
an unremarkable MRI of the brain, normal routine laboratory results, and
neuropsychological testing that showed normal intellectual abilities
except for a decline in verbal fluency, with more minor changes in
auditory attention and visual memory.

On examination, she had a Mini-Mental State Examination (MMSE)
score of 17/30. She could not do the serial reversals and could not come
up with the word watch. Memory examination was intact on delayed
recall; however, her language examination was quite abnormal. She
showed word-finding pauses, hesitations, and frequent phonemic
paraphasic errors but no agrammatism or difficulty comprehending single
words or simple commands. However, she had prominent difficulty with
repetition, quickly breaking down if a sentence was more than a few
words. She was unable to give the names of more than seven animals in
1 minute or name more than seven of 20 objects. On the naming task, she
made phonemic paraphasic errors, such as Campbell for camel and
volcan for volcano. The rest of the neurologic examination was normal.

The workup included fludeoxyglucose positron emission tomography
(FDG-PET) imaging that showed asymmetric hypometabolism in the
temporoparietal regions, worse on the left. In addition to treatment for
Alzheimer disease with an acetylcholinesterase inhibitor andmemantine,
the patient underwent an extended and targeted program of speech
therapy.

COMMENTThis case is a typical example of logopenic variant primary progressive
aphasia, with initial word-finding difficulty, phonemic paraphasic errors but
not agrammatism, andprominent difficultywith repetition but intact single-
word and short-phrase comprehension. The vast majority of patients who
present with this progressive aphasia prove to have Alzheimer disease on
neuropathology.
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logopenic variant PPA, compared to only 13% to 27% in other forms of PPA,87,88

and prominent FDG-PET hypometabolism of the left temporoparietal region is
seen in patients with amyloid-positive logopenic variant PPA.89 On tau PET
imaging, patients with logopenic variant PPA have increased uptake throughout
the cortex, but particularly temporoparietal, in comparison to not only healthy
controls but also patients with other PPA variants.90 In logopenic variant PPA,
this regional tau deposition in the left inferior parietal lobule is more closely
linked to hypometabolism than to amyloid density.91 Finally, in the CSF, low
amyloid-β1-42 and high tau levels are seen in about 75% of patients diagnosedwith
logopenic variant PPA.92

Posterior Cortical Atrophy
The secondmost common early-onset AD variant is posterior cortical atrophy,
a syndrome characterized by progressive and disproportionate loss of
visuospatial or visuoperceptual functions, usually due to Alzheimer
neurodegeneration of posterior cortical regions. Patients with posterior
cortical atrophy usually present with visuospatial problems in reading,
manipulating or finding objects, navigating their surroundings, getting
dressed, and driving. These visual symptoms frequently lead to consultations
with optometrists or ophthalmologists before the suspicion is raised that the
problem is from the visual brain and not the eyes. On neurologic examination,
patients with posterior cortical atrophy prove to have a range of visuospatial or
visuoperceptual difficulties up to and including Balint syndrome along with
associated regional neurocognitive features.68,93 For more information, refer
to the article “Posterior Cortical Atrophy” by Jonathan M. Schott, BSc, MD,
FRCP, FEAN, SFHEA, and Sebastian J. Crutch, PhD, CPsych,94 in this issue
of Continuum.

KEY POINTS

● Logopenic variant
primary progressive
aphasia, the most common
nonamnestic phenotypic
variant of early-onset
Alzheimer disease, presents
with a progressive decline in
language with relatively
spared memory and
cognition due to focal
Alzheimer neuropathology
in temporoparietal language
areas in the left hemisphere,
especially the superior/
midtemporal gyrus,
angular gyrus, andmidfrontal
cortex.

● In logopenic variant
primary progressive
aphasia, neuroimaging and
CSF studies usually reveal
abnormalities consistent
with early-onset Alzheimer
disease, including focal
atrophy and decreased
metabolism in the left
temporoparietal junction.

● Posterior cortical
atrophy, the second most
common early-onset
Alzheimer disease variant,
presents with progressive
and disproportionate loss
of visuospatial or
visuoperceptual functions,
usually due to Alzheimer
neurodegeneration of
posterior visual cortical
regions.

● The frontal variant of
Alzheimer disease, now
known as behavioral/
dysexecutive Alzheimer
disease, presents with
features suggestive of
frontotemporal lobar
degeneration but most
commonly with apathy or
abulia.

FIGURE 2-3
Voxel-based morphometry of parietal overlap of early-onset Alzheimer disease phenotypes,
showing cortical atrophy in 10 patients with logopenic variant primary progressive aphasia
compared to 64 normal controls. These two composite images show the pattern of atrophy
in this aphasic variant of Alzheimer disease when subtracted from the healthy controls. The
dark regions show the foci of greater atrophy in logopenic variant primary progressive aphasia
asymmetrically affecting the left parietal and posterior temporal region in the left hemisphere
with much less involvement of the right hemisphere. The composite images particularly
illustrate how this variant of Alzheimer disease results from asymmetric involvement of the
left hemisphere.
Courtesy of Maria Luisa Gorno-Tempini, MD, PhD, University of California, San Francisco.
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Other Variants
Beyond logopenic variant PPA and posterior cortical atrophy, the most common
early-onset AD variant phenotypes, several other less recognized variants exist.
Frontal variant AD, now known as behavioral/dysexecutive AD,69 presents with
features suggestive of frontotemporal lobar degeneration (TABLE 2-3). Most
commonly, patients with behavioral/dysexecutive AD have early apathy (or,
more correctly, abulia), with decreased initiation or completion of productive
behavior (CASE 2-2). Up to half, however, can have positive behaviors, notably
disinhibition and impulsivity, which can contribute to amisdiagnosis of clinically
possible behavioral variant frontotemporal dementia. However, when carefully
evaluated, behavioral/dysexecutive AD is distinguishable from behavioral
variant frontotemporal dementia because of the presence of prominent
dysexecutive features accompanied by evidence of memory impairment.69

Neuroimaging in behavioral/dysexecutive AD shows significant involvement
of bilateral temporoparietal regions along with milder involvement in the frontal
cortex, especially noteworthy on FDG-PET.69

Other phenotypic variants of early-onset AD have prominent parietal lobe
symptoms and signs, exemplified by the acalculia variant from early Alzheimer
neuropathology in the left inferior parietal lobule, particularly the intraparietal
sulcus (TABLE 2-4).71 Patients with the acalculia variant of early-onset AD
present with predominant and progressive difficulty with calculations out of

TABLE 2-3Characteristics of Behavioral/Dysexecutive Alzheimer Disease Compared
to Other Dementiasa

Clinical
Features

Typical Amnestic
Alzheimer Disease

Behavioral Early-onset
Alzheimer Disease

Dysexecutive Early-onset
Alzheimer Disease

Behavioral Variant
Frontotemporal
Dementia

Phenotype
variant

Memory
predominant

A behavioral predominant
subtype most commonly
presents with apathy

A dysexecutive predominant
subtype most often presents
with decreased organization
and executive functioning

Behavioral

APOE ε4
positive

Frequent (~60%) Frequent (59.5%) Intermediate (40.0%) Rare (<20%)

Age at onset Late onset Early onset Early onset Early onset

First
symptom

Cognitive (memory) Cognitive > behavioral Cognitive (executive) Behavioral

Episodic
memory

Impaired Impaired Relatively spared Typically spared

Executive
function

Relatively spared Impaired Very impaired Impaired

Behavior Relatively spared Impaired Mostly spared Impaired

MRI atrophy Medial temporal,
temporoparietal

Temporoparietal Temporoparietal Frontal and anterior
temporal

a Reprinted with permission from Ossenkoppele R, et al, Brain.69 © 2015 The Authors.

CONTINUUMJOURNAL.COM 43

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



proportion to any other cognitive impairment (CASE 2-3). Their acalculia is
consistent with a primary acalculia (anarithmia) not explained by language or
visuospatial impairments. Many also have anomia, ideomotor apraxia, and a
complete Gerstmann syndrome, changes reflective of inferior parietal lobular
dysfunction. Neuroimaging generally shows biparietal involvement, greater on
the left. These patients overlap with or may eventually meet current criteria for
posterior cortical atrophy or corticobasal syndrome.

MANAGEMENT
The management of patients with early-onset AD is, in many ways, identical
to the management of late-onset AD, but it differs in several respects.
Acetylcholinesterase inhibitor medications, such as donepezil, galantamine, and
rivastigmine, are indicated in the management of patients with early-onset AD,
with the usual titration schedules. These medications, although they target

CASE 2-2 A 64-year-old man presented with several years of declining activity
and failure to initiate and complete work tasks. The patient would often
just sit at his desk. The patient additionally reported a significant decline
in his memory. His wife described him as unable to “think properly,”
reflected in wrong business decisions or judgments. She also reported he
tended to eat the same foods, but he showed no inappropriate or
compulsive behaviors. The patient and his wife denied that he was
primarily depressedor that hewas nonempathic or emotionally disengaged.

On the Mini-Mental State Examination (MMSE), he scored 28/30. In
general, he had decreased spontaneous behavior and showed
perseverations. Language was fluent, but he only generated four words
beginning with the letter F in 1 minute, compared to 13 animal names.
Memory testing was 5/10 in delayed recall. On visuospatial construction, he
was able to copy intersecting pentagons but had difficulty with more
complex constructions. The patient gave concrete interpretations of idioms
and proverbs and had difficulty with the Luria hand sequences (repetitive
fist-edge-palm motor sequences), making two mistakes in six movements.
The rest of the neurologic examination was normal.

Brain MRI suggested more frontal than parietal atrophy; however,
fludeoxyglucose positron emission tomography (FDG-PET) showed
prominent bilateral temporoparietal hypometabolism with further
involvement of the frontal lobes. After follow-up and reassessment of a
progressive cognitive decline in memory and visuospatial skills, he was
diagnosed with behavioral/dysexecutive early-onset Alzheimer disease
(AD) and treated accordingly.

COMMENT This case is a typical example of the behavioral/dysexecutive variant of
early-onset AD,with prominent early apathy or abulia, decreased executive
functioning without the entire range of abnormal behaviors characteristic
of behavioral variant frontotemporal dementia, and memory and imaging
evidence of early-onset AD.
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memory, may also help some patients with logopenic variant PPA, posterior
cortical atrophy, behavioral/dysexecutive AD, acalculia, and other variants. In
these early-onset AD phenotypes, clinicians should carefully monitor response
as these medications could exacerbate some behaviors. In one study, the
cognitive and global responses to acetylcholinesterase inhibitor treatment and
the longitudinal outcomes after 3 years did not differ between patients with
early-onset AD and patients with late-onset AD.12 Another study of
acetylcholinesterase inhibitors that evaluated 6-month functional responses,
3-year changes in activities of daily living, times to nursing home placement,
and subsequent survival times also failed to find differences between patients
with early-onset AD and patients with late-onset AD.95 Limited information is
available on the use ofmemantine, but the aforementioned studies do not suggest
a difference depending on age of onset of AD. Finally, many patients and families
are eager to participate in clinical drug trials.

The management of early-onset AD may differ from late-onset AD when
targeting the management of specific cognitive and behavioral deficits. For
example, patients with logopenic variant PPA should have speech therapy
assessment and, wherever possible, a dedicated course of therapy to improve
their communication. Patients with posterior cortical atrophy benefit from
techniques and services for those who are partially sighted. Patients with
behavioral/dysexecutive AD may require use of psychoactive medications to
manage egregious behaviors, when present. Those with the acalculia variant can
benefit from the use of electronic calculation devices and those with corticobasal
syndrome from referral to occupational therapists for helpwith ideomotor apraxia.

An important part of assessing patients with early-onset AD is determining
their family history and the need for genetic testing and genetic counseling.
If a family history of early-onset AD exists, genetic counseling should occur

TABLE 2-4Characteristics of the Acalculia Variant of Early-onset Alzheimer Disease

Acalculia

◆ Primary anarithmia not due to language or spatial impairment

◆ Difficulty with simple written calculations with transcoding and syntax errors

Other Elements of Gerstmann Syndrome

◆ Finger (digit) agnosia

◆ Right-left disorientation

◆ Agraphia (transitional with linguistic elements)

Alexia With Agraphia (Left)

Ideomotor Apraxia

◆ Both transitive (with pretend tool use) and intransitive (gestural-symbolic)

◆ Difficulty with imitation as well as pantomime

Disorders of the Dorsal Visual Stream

◆ Visuospatial localization

◆ Depth perception
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before performing genetic analysis for the PSEN1, PSEN2, and APP genes.
In the presence of familial AD, implications exist for other family members,
including the possibility of recognizing presymptomatic carriers of these
genes, with corresponding implications for their psychological well-being
and future. Currently, the polygenic risk score remains a research tool, but
it may become available for increasing diagnostic certainty in diagnosing
early-onset AD.

Another area that is disproportionately important in the management of
early-onset AD is the provision of age-appropriate psychosocial support.
Patients with early-onset AD are often in the time of life when they are most
productive and in the midst of careers and families. Early-onset AD is more
often associated with a sense of an unexpected loss of independence in midlife;
anticipatory grief about the future; and difficulty with continued work,
financial, and family responsibilities than late-onset AD.96 Moreover, patients
and families need information and education on this form of AD and what it
means in someone who is middle-aged or relatively young. Compared to
patients with late-onset AD, patients with early-onset AD often have higher
levels of disease awareness and early generalized anxiety97 with a potentially
increased risk of suicide.98 Special efforts are required to provide psychological

CASE 2-3 A 62-year-old woman presented with several years of progressive
difficulty with mathematics, which she used in her job. She first noticed
an inability to do very simple calculations in her head as well as problems
with using a tape measure and reading analog clocks or watches. The
patient could not write a check or manage her checkbook and finances.
She had also lost understanding of distances, such as from New York to
Los Angeles. Other than some visuospatial difficulty, the patient had
limited cognitive difficulty.

On examination, she had a Mini-Mental State Examination (MMSE)
score of 27/30, intact language, and mildly impaired memory.
However, she could not do simple written calculations, made errors in
mathematical syntax in borrowing and carrying over, had transcoding
difficulty (Arabic numerals to written form or vice versa), and had
overall difficulty in applying numeric concepts. There were less
prominent visuospatial difficulties in constructions and in interpreting
overlapping or crosshatched figures. The neurologic examination
was otherwise normal.

Brain MRI was nondiagnostic, but fludeoxyglucose positron emission
tomography (FDG-PET) showed parietal hypometabolism, and an
amyloid PET scan was positive. Treatment included donepezil
(10 mg/d), memantine XR (28 mg/d), and an antidepressant for both
depression and anxiety.

COMMENT This case is a typical example of the acalculic variant of early-onset
Alzheimer disease presenting with disproportionate and progressive
difficulty in all aspects of numbers and calculations.
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or psychiatric support and utilize local age-appropriate support groups and
community resources. In many situations, support groups and other services
for the elderly may not be the best fit for these patients and families. It is most
helpful when support groups and services are specifically targeted to the
particular phenotypic variant.

CONCLUSION
Early-onset AD differs significantly from late-onset AD, particularly in the
substantial percentage of patients with early-onset AD who have phenotypic
variants as well as the larger percentage of those with a familial form of the
disease. Compared to typical late-onset AD, early-onset AD variants have
hippocampal sparing, focal parietal and other neocortical involvement with a
range of syndromes, more regional amyloid and tau accumulation, and evidence
of an alternative frontoparietal network spread of the disease.61,85,99 These
variants tend to differ as a group from typical amnestic AD, with a converging
pattern of atrophy as the disease advances,100 as evidenced by neuroimaging
studies showing overlap in posterior neocortical involvement rather than the
mesial temporal cortical changes of typical amnestic AD.81,101 Recognition of
early-onset AD and its variants as a specific group of dementias facilitates not
only neurobiological understanding of early-onset AD but also the unique
differences and issues involved in the management of these patients and
helping their caregivers and families.
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