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Abstract
Background: Early-onset Alzheimer’s disease (EOAD) has been overshadowed by the more common late-onset AD (LOAD).
Yet, the literature indicates EOAD may have less hippocampal-memory presentations and more focal neocortical localization
early in the disease. Objective: To evaluate these proposed differences between these 2 forms of AD and to explore what they
inform about differences in AD pathophysiology. Methods: In all, 21 patients with EOAD and 24 patients with LOAD matched
for disease progression and severity were compared on neurocognitive measures and resting state fluorodeoxy-glucose
positron–emission tomography (FDG-PET). Results: Patients with EOAD had worse executive functions with greater hypome-
tabolism in the parietal regions; whereas patients with LOAD had worse confrontation naming and verbal recognition memory
with greater hypometabolism in inferior frontotemporal regions. Conclusions: In addition to highlighting significant differences
between EOAD and LOAD, these results reveal dissociation between executive deficits in AD and frontal hypometabolism,
suggesting early disturbances of the parietal–frontal network in EOAD.
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Introduction

In 1901, Alois Alzheimer observed a patient at the Frankfurt

Asylum named Auguste Deter; a 51-year-old patient with

strange behavioral symptoms and a memory disturbance. Five

years later, when this patient passed away, neuropathology

revealed neuritic plaques and neurofibrillary tangles consistent

with what became known as Alzheimer’s disease (AD). Over

the years, the much more common late-onset AD (LOAD)

overshadowed this early-onset AD (EOAD) characterized by

an onset before age 65. The study of EOAD is important, not

only because it affects up to 2.4 out of 100 000 persons,1 but

also because it tends to strike people when they are in the prime

of their career and family responsibilities.

The literature suggests that EOAD differs substantially from

LOAD.2-4 There is general agreement that patients with EOAD

have greater cortical atrophy and hypometabolism compared to

patients with LOAD at a similar stage of disease.5 Functional

neuroimaging studies have demonstrated significant cortical

atrophy, hypoperfusion, and hypometabolism in EOAD, partic-

ularly in parietal and lateral temporal cortices, and significant

lesions or hypometabolism in medial temporal and hippocampal

regions in LOAD.5-14 There are conflicting studies, however, on

the cognitive aspects of EOAD. Some studies find that

patients with EOAD show greater impairments in attention,

language, visuospatial and executive functions; and patients

with LOAD show comparatively greater deficits in episodic

memory.2-5,15-22 In contrast, other studies find no differences

in cognition according to age of onset.7,23 Given the differences

on functional neuroimaging, it would be important to know

whether the cognitive aspects correspond to the differences in

functional neuroimaging results in EOAD versus LOAD.

This study compares EOAD with LOAD on both cognitive

features and functional neuroimaging with positron-emission

tomography (PET). There have been few direct comparisons

between patients with EOAD and patients with LOAD, and much

of the literature has been restricted to examination of solely neu-

ropsychological differences between the groups2,3,15,24-27;

or solely neuroimaging differences.6,8-11,13,28-30 We hypothesize

that such comparison would confirm the presence of greater

nonmemory deficits and more prominent neocortical
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hypometabolism, particularly in the parietal lobes, in EOAD

as compared to LOAD. Finally, this study has implications for

understanding differences in the underlying pathophysiology

of AD.

Methods

Participants

Participants were recruited from the Departments of Neurol-

ogy and Geriatric Psychiatry at the Veterans Affairs (VA)

Greater Los Angeles Healthcare Center and the University

of California, Los Angeles (UCLA) Geffen School of Medi-

cine. All participants were native English speakers. Diagnosis

of AD was determined by the National Institute of Commu-

nicable Diseases and Stroke–Alzheimer’s Disease and

Related Disorders Association (NINCDS-ARDA) criteria for

clinically probable AD.31 Whether one was classified as

‘‘early onset’’ versus ‘‘late onset’’ was based on age of onset;

those with a disease onset prior to age 65 were early onset and

those with a disease onset subsequent to age 65 were late

onset. Individuals with major medical illnesses (except hyper-

tension or diabetes) or psychiatric illnesses not due to the

dementia process were excluded from the study. The study

was reviewed and approved by the local institutional review

board (IRB), and study participants were enrolled according

to the IRB guidelines.

The participants in this study were specifically selected in

order to match the EOAD and LOAD groups on 5 variables that

are well-established confounds in previous studies. The partici-

pants were group matched on education, time since diagnosis,

gender distribution, functional status (eg, activities of daily

living [ADLs]/instrumental activities of daily living [IADLs])

and global cognitive severity (as measured by the Mini-

Mental State Examination [MMSE]).

Procedures

The patients underwent neuropsychological testing, and neu-

roimaging with FDG-PET of the brain. Caregivers (study part-

ners) who accompanied patients to appointment also filled out

questionnaires to provide information regarding their experi-

ences/impressions of the patient.

Measures

Demographics

The study partners (caregivers) completed a demographic

questionnaire on behalf of the participants, which included

information such as age, education level, marital and living

situation status, and occupation. Disease-related information

including diagnosis and time of onset was also provided by

caregivers.

Global Cognitive Severity and Functional Status
(ADLs/IADLs)

1. All participants completed the MMSE as a measure of glo-

bal cognitive severity. Data were normed, adjusting for age

and education level.32

2. Alzheimer’s Disease Cooperative Study–Activities of

Daily Living Inventory (ADCS-ADLs). The ADCS-

ADLs is a 23-item inventory wherein the caregiver is

asked to focus onthe patient’s observed performance over

the past month.

Language

1. Boston Naming Test. This is a 60-item confrontation nam-

ing task measuring the word retrieval process of patients

when presented with a picture of an item. Data were

normed, adjusting for age, education, and gender.33

2. Controlled Oral Word Association Test (COWAT),

wherein participants are given 60 seconds to produce as

many words as possible from a semantic and phonemic

category. Data were normed, adjusting for age, education,

and gender.34

Visuospatial Skills

A subindex from the intersecting pentagon task on the

MMSE35,36 was utilized to evaluate the types of visuospatial

errors made in this task. The 8 errors in this index were relating

to size of the figures, number of figures drawn, intersection of

the pentagons, tremor or segmentation errors, angle errors,

rotation, motor perseveration, and pull-to-stimulus tendencies.

Attention and Executive Control

1. Digit span subtest of the Wechsler Adult Intelligence

Scale, third edition (WAIS-III). Participants are presented

with a number of auditory series and asked to repeat these

numbers back to examiner in the exact order read to them

(digits forward) or in the reverse order the digits were read

to them (digits backward). Normative data adjusting for

age were obtained from the WAIS-III manual.

2. Stroop Task, which provides participants with 3 different

conditions (word reading, color naming, and interference

task). In each condition, participants are timed to see how

many words they can successfully read/name within a

given amount of time. Normative data adjusting for age

was obtained from the Golden manual.

3. Trail Making Test (TMT, Part A only). This is a test of

visual attention and psychomotor speed, where the partici-

pant is provided with a sheet of paper with numbers from 1

to 25 within circles and instructed to connect the numbers

in consecutive order using straight lines. Data were

normed, adjusting for age and education.37
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4. COWAT (‘‘FAS’’). Participants are given 60 seconds to

provide as many words that begin with the letter ‘‘F’’,

‘‘A’’, and ‘‘S’’, respectively.

Verbal Learning and Memory

Neuropsychological battery of the Consortium to Establish a

Registry for Alzheimer’s Disease (CERAD); 10-item word list

learning and recognition only). The list learning/recognition

task on the CERAD includes 10 common nouns presented con-

secutively and read aloud by the participant, with a different

order used on each of the 3 successive occasions. Following

this task, there is a free recall condition and recognition para-

digm presented. Data were normed, adjusting for age, gender,

and education level.38

The (FDG) PET Imaging: Data Acquisition and Processing

All patients underwent resting state functional neuroimaging

with PET scans as part of this study in accordance with the

technique of Hamacher, Coenen, and Stocklin.39 They received

an intravenous infusion of 5 to 10 mCi of [18F]-FDG and then

waited 40 minutes quietly in a dimly lighted room with eyes

open (uptake phase). Participants were next placed in the scan-

ner with the imaging plane parallel to the canthomeatal plane

and metabolic data were acquired for 40 minutes. Patients with

LOAD were scanned on different tomographs over the course

of the study. A total of 3 patients were scanned on a Siemens

953/31 tomographic scanner (voxel size 1.96 � 1.96 � 3.38

mm3, Siemens Medical Solutions, Hoffman Estates, Illinois),

11 on a mobile GE Advance (voxel size 2.34 � 2.34 � 4.25

mm3, 2.73 � 2.73 � 4.25, or 2.34 � 2.34 � 4.25 m3, or 2.34

� 2.34 � 3.27 GE Medical Systems, Milwaukee, Wisconsin),

and 7 on a Philips Gemini TF-PET-CT (2 � 2 � 2). All early

patients with AD (n ¼ 20) were scanned on a Philips Gemini

TF-PET-CT (2 � 2 � 2). Most participants completed PET

imaging on the same day as the cognitive assessment; however,

all of the PET scans were done within 2 months of the respec-

tive cognitive testing. Raw data in Digital Imaging & Commu-

nications in Medicine (DICOM) format were converted to

ANALYZE format. In all images, origins were manually set

to the anterior cingulate cortex, before the spatial normalization

step. Images were normalized to Montreal Neurological Insti-

tute (MNI) space using trilinear interpolation and resampled

to 2 � 2 � 2 mm3 voxels, and smoothed using a 6-mm Full

width at half maximum (FWHM) smoothing kernel, using

SPM8 (Welcome Trust Centre for Neuroimaging, London,

United Kingdom) in MATLAB R2010b (MathWorks, Inc.,

Massachusetts USA).

We investigated the data to determine whether there were

any systematic differences between groups with respect to

global metabolism. We obtained mean values of the entire

brain using custom MATLAB software and of cerebellum gray

matter using Automatic Anatomic Labeling (AAL) toolkit in

Statistical Parametric Mapping, 8th edition (SPM8). The ratio

of whole brain/cerebellar gray matter was calculated for each

participant.

Analyses

Demographic and neuropsychological variables were com-

pared in SPSS 17.0 using chi-Square analyses as well as inde-

pendent samples t tests to evaluate the between-group

differences. Both raw scores and normed standard scores

(adjusting for age, education, gender in order to directly com-

pare levels of performance by expressing each patient’s scores

in standard deviations from the mean of normal control perfor-

mance) were compared. Group differences were also evaluated

with analysis of covariance (ANCOVA), using global cognitive

severity (MMSE scores) as a covariate. The significance level

was set at the P < .05 level.

Voxel-Based Statistical Analysis

Statistical maps of the FDG-PET images were generated using

SPM8. Two-sample t test was performed between EOAD and

LOAD groups. Participant images were normalized to the glo-

bal mean. Threshold masking was used to remove signal from

structures outside of the brain (set to 0.8). Between-group dif-

ference maps were set at a voxel threshold of P < .01 (uncor-

rected for multiple comparisons) and considered significant

at the cluster level at P < .05, corrected for multiple compari-

sons using the family-wise error (FWE) procedure.

Table 1. Demographics of Participants With Early- and Late-Onset
Alzheimer’s Disease

Demographic
Early-onset

Alzheimer’s disease
Late-onset

Alzheimer’s disease

Variable N ¼ 21 N ¼ 24
Ageb (years) M ¼ 57.78

(SD ¼ 4.35)
M ¼ 80.32
(SD ¼ 5.89)

Gender
Male N ¼ 15 (65%) N ¼ 15 (68%)
Female N ¼ 8 (35%) N ¼ 7 (32%)

Education (years) M ¼ 15.95
(SD ¼ 2.63)

M ¼ 16.05
(SD ¼ 2.38)

Handedness
Right N ¼ 20 (91%) N ¼ 21 (95%)
Left N ¼ 1 (4%) N ¼ 1 (4.5%)
Ambidextrous N ¼ 1 (5%) N ¼ 0

Time since onset (years) M ¼ 3.12
(SD ¼ 1.61)

M ¼ 3.91
(SD ¼ 2.76)

Family history of
dementia

Yes N ¼ 8 (35%) N ¼11(50%)
No N ¼ 12 (52%) N ¼11(50%)
Unsure N ¼ 3 (13%) N ¼ 0

Ethnicitya

White N ¼ 21 (91%) N ¼ 15 (68%)
Nonwhite N ¼ 2 (9%) N ¼ 7 (32%)

Abbreviation: SD, standard deviation.
a Indicates significant between-group difference at the P < .05 level.
b Indicates significant between-group difference at the P < .001 level.
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Results

Demographics

Table 1 depicts the demographic makeup of our sample. The

only demographic variables that significantly differed between

the EOAD and LOAD groups was age (as anticipated) and eth-

nicity, wherein the EOAD group had more nonwhite individuals.

Neuropsychological Comparisons of Patients With
EOAD and LOAD

Global Cognitive Severity and Functioning. Patients with EOAD

and LOAD were matched in regard to global cognitive function-

ing as measured by the MMSE (see Table 2). When normed (age

and education adjusted) data were compared, the nonsignificant

between-group differences remained. There were no significant

group differences on the Alzheimer’s Disease Cooperative Study

Scale (measuring ADL/IADL functionality, t(34) ¼ �0.15, ns).

Similarly, when broken down and analyzed by subscales indicat-

ing degrees of daily functioning, no significant group differences

were documented (basic: t(27) ¼ �1.18, n.s.; autonomy:

t(32)¼ 0.04, ns; higher level function, t(20) ¼ 0.26, ns).

Language

Patients with LOAD performed significantly worse than patients

with EOAD on the Boston Naming Test (number correct with or

without stimulus cue), t(38) ¼ 3.15, P < .01. This finding

remained significant when comparing normed data (adjusting for

age, gender, and education). On verbal fluency raw scores, there

were no significant differences with respect to either phonemic or

semantic fluency. When normed data were compared, patients

Table 2. Neuropsychological Comparisons of Patients With EAD and LADa

EAD LAD

Neuropsychological measure t df Sig M SD M SD

Global cognitive severity
Mini-Mental State Examination (MMSE) �1.13 41 NS 19.19 6.35 21.09 4.03

Language
Boston Naming Test (with or without stimulus cue) 3.15 38 A, B, C 49.85 15.58 35.30 13.57
FAS (phonemic fluency) �1.23 42 B, C 21.55 14.64 26.68 13.08
Animals (semantic fluency) 0.58 35 NS 8.55 6.51 7.59 3.99

Visuospatial skills w2 df Sig % Positive EAD % Positive LAD
MMSE pentagons
Pull-to-stimulus copy 6.59 1 P ¼ .01 26.3% 0%

Size of figure 0.48 1 NS 10.5% 18.2%
Number of figures 1.92 1 NS 31.6% 13.6%
Pentagon intersection 2.18 1 NS 68.4% 45.5%
Tremor or segmentation 0.98 1 NS 36.8% 22.7%
Five angles 0.11 1 NS 36.8% 31.8%
Rotation 0.02 1 NS 10.5% 9.1%
Motor perseveration 0.01 1 NS 26.3% 27.3%

EAD LAD

Attention/executive control t df Sig M SD M SD
Stroop task
Word reading 0.306 35 NS 55.56 21.76 58.58 19.49
Color naming 0.294 35 NS 32.78 16.06 32.63 18.03

Interference (color and word) �1.79 35 B, C 7.83 5.89 13.32 11.59
Trail Making Test–Part A 1.16 13.82 B 165.07 240.66 99.05 52.87

Wechsler adult intelligence scale digit span
Forward �0.831 41 NS 6.77 2.33 7.33 2.08
Backward �2.36 41 A, B, C 3.00 1.75 4.42 2.20
Total �1.74 41 NS 9.77 3.83 11.76 3.65

Verbal learning/memory
CERAD
Word list memory (trials 1 -3) .131 32 NS 9.00 5.49 8.77 4.44
Word list recall 1.92 32 NS 1.33 1.78 0.32 1.29
Word list recognition 2.94 33 A, B, C 7.77 2.55 4.95 2.84
Savings [(Delayed recall/trial 3) � 100] 1.67 33 NS 28.27 34.49 8.10 32.81

Abbreviations: CERAD stands for Consortium to Establish a Registry for Alzheimer’s Disease; EOAD, early-onset Alzheimer’s disease; LOAD, late-onset Alzheimer’s
disease; M, mean; SD, standard deviation.
a ‘‘A’’,‘‘B’’, and ‘‘C’’ denote statistically significant findings: A denotes significance in raw data analyses (t tests) ; B indicates significance when comparing normed data;
NS denotes not significant in raw data or normed data analyses; and C indicates maintained significance when adjusting for global cognitive severity scores.
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with EOAD had poorer performances when compared to patients

with LOAD on the phonemic fluency measure.

Visuospatial Skills

Although there were no statistically significant differences in

gross visuoconstruction skills as assessed by the overlapping

pentagons portion on the MMSE, there were differences

between the EOAD and LOAD groups in type of errors made

on visuoconstruction task.35,36 More of the patients with EOAD

(26.3%) made pull-to-stimulus errors (eg, patient drew, wrote,

or copied over the figure model), compared to the patients with

LOAD (0%; w2(1) ¼ 6.59, P ¼ .01).

Attention and Executive Control

On a measure of simple attention, there were no significant

between-group differences; WAIS Digit Span Forward,

t(41) ¼ �0.83, ns; overall digit span total score,

t(41) ¼ �1.74, ns. In contrast, on measures of complex atten-

tion or working memory, significant between-group differ-

ences were found on the Wechsler Adult Intelligence Scale

Digit Span (backward, raw) subtest, t(41) ¼ �2.36, P < .05.

Patients with EOAD had lower performances (M ¼ 3.0,

SD ¼ 1.75) on this subtest when compared to their LOAD

counterparts (M ¼ 4.42, SD ¼ 2.20). Measures of visual atten-

tion and psychomotor speed did not yield significant differ-

ences when raw scores were compared; however, a

significant difference emerged on Trails A performance when

normed data (adjusting for age and education levels) were com-

pared, t(16.10) ¼ �2.16, P < .05. patients with LOAD tended

to perform comparatively better than patients with EOAD.

On executive measures, the EOAD group consistently per-

formed worse than the LOAD group on a number of tasks.

Although raw score differences were null, normed data compar-

isons (controlling for age) revealed significant between-group

differences on the Stroop interference or response inhibition task

(t(35)¼�4.48, P < .001), with LOAD patients performing com-

paratively better than patients with EOAD. Additionally,

although semantic fluency scores were comparable, a phonemic

fluency task indicated significant differences with poorer perfor-

mances for the EOAD group compared to the LOAD group when

analyses were adjusted for demographics (FAS, t(42) ¼ �2.15,

P < .05). The other ‘‘executive’’ deficits in EOAD, compared to

LOAD, have been noted and include problems with backward

digits and ‘‘pull-to-stimulus’’ visuospatial functioning.

Verbal Learning and Memory

There was no significant group differences on Trials 1 to 3,

CERAD total recall, t(32) ¼ 0.13, ns; however, the delayed

recall nearly reached significance with patients with LOAD

performing the worst, t(32) ¼ 1.92, P ¼ .06. In addition, there

was a significant difference between true-positive hits on a rec-

ognition paradigm; patients with LOAD performed worse on

this task than patients with EOAD patients.

Normed data comparisons (controlling for age, gender, and

education level) yielded similar findings, with only the age-,

gender-, and education-corrected recognition scores yielding sig-

nificant differences (CERAD recognition, t(31.84) ¼ 4.17,

P � .001).

Covariate-Adjusted Analyses: Controlling for Global
Cognitive Functioning

When the MMSE scores were entered as a covariate in analyses

examining between-group differences, all previously signifi-

cant findings persisted with the sole exception of the Trail

Making Test, Part A. This test was no longer significant when

controlling for MMSE scores, F(2, 31) ¼ 2.67, ns.

The FDG-PET Imaging

SPM8 was employed to compare FDG-PET images of the

EOAD and LOAD groups. Results are illustrated in Figure 1

and see Table 3 for coordinates and statistics. There were no

differences between groups with respect to the whole brain/cer-

ebellum ratio. Between-group 2-sample t test (P < .05, cor-

rected at the cluster level using the FWE procedure) revealed

relative hypometabolism in the EOAD group compared to the

LOAD group in a large cluster in the posterior cortex, including

bilateral precuneus, bilateral superior parietal lobule (L>R),

left supramarginal gyrus, left angular gyrus, posterior regions

of the left lateral temporal cortex (superior, middle, and inferior

temporal gyri), and left occipital lobe (P < .05, FWE corrected

at the cluster level). There was a trend toward relative hypome-

tabolism in left lateral frontal cortex, primarily encompassing

the left precentral gyrus and extending anteriorly to include

posterior middle frontal and inferior frontal gyri (P ¼ .07 FWE

corrected at the cluster level). In contrast, relative hypometabo-

lism in the LOAD group compared to the EOAD group was

observed in inferior portions of the brain, including inferior

frontal lobe and temporal cortex. Specifically, there was a large

cluster encompassing bilateral orbitofrontal gyri and medial

frontal lobe (including the cingulate, gyrus rectus, and superior

frontal gyrus). Moving posteriorly it included parts of bilateral

inferior frontal gyrus. This also included the right superior,

middle, and inferior temporal gyri, fusiform, parahippocampal

gyrus, and hippocampus. A second cluster revealed relative

hypometabolism in LOAD versus EOAD in left parahippocam-

pal gyrus and fusiform. Additional between-group differences

were observed in bilateral cortex surrounding the Sylvian fis-

sure and cerebellum. Figure 2 provides the view of 1 represen-

tative patient from the EOAD and LOAD group, respectively,

to demonstrate the pattern of parietal hypometabolism in the

EOAD group, while showing the pattern of inferior frontal

hypometabolism in the LOAD group. The frontal pattern

within the LOAD group, however, is more subtle, as the true

differences are more apparent in the between-group

comparisons.
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Discussion

This study found neuropsychological and functional imaging

differences between patients with AD of early onset compared

to those with AD of late onset. Compared to the patients with

LOAD, the patients with EOAD performed worse on several

measures of executive functioning (working memory on digit

span backward; phonemic vs. semantic fluency; a pull-to-

stimulus copy performance, and the Stroop interference task).

This finding of greater executive dysfunction in the EOAD

cohort has been inconsistent in previous studies; while some

studies have confirmed this finding,21 others have not found

group differences on executive tasks.7 In contrast, the patients

with LOAD, compared to the patients with EOAD, had worse

confrontation naming and recognition memory scores, findings

more typical of AD.2-4,15,22,25 These changes correspond with

relative parietal hypometabolism among the patients with

EOAD and relative frontotemporal hypometabolism among the

patients with LOAD.

These results are consistent with the literature in some

findings but not others. Similar to other studies,26 this study

finds that patients with EOAD perform worse than patients

with LOAD on executive tasks, including working memory

as reflected in digit span backward. The finding that EOAD

are significantly worse on a measure of phonemic fluency (but

not semantic fluency) further supports the pattern of

executive dysfunction, as research has demonstrated that

Figure 1. Base comparison of EOAD relative to LOAD. Two-sample t test comparison shows relative hypometabolism in the EAD group (blue)
and relative hypometabolism in the LAD group (red; uncorrected P¼ .01, T¼ 2.43, kc¼ 10 voxels). Picture is in neurological convention; brain’s
left is your left. EOAD indicates early-onset Alzheimer’s disease; LOAD, late-onset Alzheimer’s disease.
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disproportionate letter fluency correlates with frontal-

executive dysfunction.40,41 In addition, a pull-to-stimulus

(eg, patient wrote, drew, or copied over ssure model) error

on the visuoconstruction task is much more common in

patients with EOAD rather than in patients with LOAD. This

type of visuospatial error is consistent with an executive con-

trol problem in that it indicates environmental dependency.42

In contrast, the patients with LOAD, as compared to the

patients with EOAD, have worse language functioning as evi-

denced by poorer performance on a confrontation naming

task. This finding differs from some previous studies which

report more severe language impairment as a feature of

EOAD.4,17,43 Similarly, there have been different findings

regarding worse memory disturbances in LOAD versus

EOAD.7,16,17 This study reports worse recognition memory

for the LOAD group compared to the EOAD group.

On FDG-PET, the patients with EOAD, compared to the

patients with LOAD, have lower metabolic activity in the

parietal (left worse than right) lobes. Other studies of EOAD

indicate the presence of significant parietal lobe involvement

along with additional changes in other neocortical regions early

in the disease,6-14 whereas prior neuroimaging studies of

LOAD show early changes in hippocampal and inferior tem-

poral regions.5 In terms of laterality, although the current study

suggests that patients with EOAD have greater lateralization of

Alzheimer changes to the left hemisphere, other studies are

inconsistent on whether AD affects the left or right hemisphere

disproportionately.5,14 Finally, the degree of underlying atro-

phy can impact regional hypometabolism, but it would still

reflect selective, disproportionate disease of the parietal lobes

in EOAD compared to the frontotemporal lobes in LOAD.

A significant finding of this study is the presence of worse

executive functions without worse frontal metabolism in

EOAD as compared to LOAD. This dissociation has been pre-

viously noted but not specifically studied.41 Such a dissociation

supports recent views of regional dysfunction in that executive

skills are not exclusively frontally mediated and are rather the

product of an interconnected network. Namely, the dorsolateral

frontal cortex has dense connections with the parietal lobe; a

network that has been implicated in tasks of executive

Figure 2. Axial image of regional hypometabolism in representative patients with EOAD and LOAD. Arrows highlight areas of hypometabolism
for each respective patient; for patients with EOAD, hypometabolism seen in the parietal region, whereas in LOAD, hypometabolism seen in the
inferior frontal region. Picture is in neurological convention; brain’s left is your left.

Table 3. Between-Group Differences in Metabolism

Cluster P
(FWE corrected) kc

Peak voxel
MNI (x, y, z)

Peak
T

EAD < LAD; bilateral Precuneus and superior parietal lobule, left inferior parietal lobule,
left posterior temporal cortex, left occipital lobe

<.0005 12 311 �8, �64, 54 6.6

LAD < EAD; bilateral inferior and medial frontal cortex, right temporal cortex <.001 29 872 52, 24, �2 8.24
Left parahippocampal/fusiform gyri, cerebellum .016 �44, �54, �46 5.69

Abbreviations: FEW, family-wise error; MNI, Montreal Neurological Institute; EAD, early-onset Alzheimer’s disease; LAD, late-onset Alzheimer’s disease.
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functioning,40,41 especially in early-onset dementia.41 There is

an increasing understanding that cognition is a product of these

networks and tracts, and investigations of white matter pathways

indicate disruption of important parietal lobe–dorsolateral

frontal tracts in AD.40 Early involvement of the parietal lobe

in EOAD would affect gray matter as well as its main dorsolat-

eral frontal networks. In addition, in this study there was a

trending pattern of lower metabolic activity in the dorsolateral

frontal regions in EOAD.

This study has potential limitations. First, sample size is rel-

atively small, which has implications for generalizability of

these findings as well as statistical limitations. Nevertheless,

this report revealed several important differences between

EOAD and LOAD, which were generally adequately powered

(post hoc power analyses ranged from .66 to .99 for significant

group differences reported herein). Thus, the results herein,

which may be characterized as exploratory, may require confir-

matory analyses with a larger sample size in future research.

Second, some cognitive domains, in particular visuospatial

functioning, had limited assessment. Future research may

include a more comprehensive cognitive comparison of both

early- and late-onset groups. Third, the presence of greater

hypometabolism in the medial/inferior frontal lobe in the

LOAD group may reflect age-related changes in this older

cohort. Previous work has found that medial prefrontal regions

are sensitive to normal aging44,45. This could not be addressed

in the current study, given the lack of normal controls. How-

ever, prior investigations comparing participants with EOAD

or LOAD with normal controls report the same pattern of meta-

bolic changes (eg,5,11). Thus, although not directly compared in

the present study, the patterns of worse parietal metabolism in

EOAD and frontal metabolism in LOAD are consistent with

qualitatively different patterns than would be observed from

the normal aging profile. Furthermore, given the lack of over-

lap in age between the 2 cohorts, controlling for age would

remove innate variance. Finally, the LOAD group included

FDG-PET data from participants scanned on multiple PET

tomographs. The between-group differences were analyzed

using a normalization procedure in SPM, which yields a ratio

scale for each participant (voxel divided by global mean) and

ratio values appear to vary by less than 5% across scanners.46

We assessed the global ratio values in each group and observed

a nearly identical mean and range of values in each group. This

suggests that while the use of multiple scanners may have

impacted our ability to detect differences between groups, it

is unlikely a large effect.

In conclusion, these findings suggest differences in AD

pathophysiology between EOAD and LOAD; a notion that

has been debated since Auguste Deter was first encountered

by Alois Alzheimer. This study confirms some previous find-

ings and reports new findings with respect to differences

between EOAD and LOAD. Specifically, the results implicate

the differential early involvement in parietal lobes with prob-

able dysfunction of, not only cognition from parietal gray

matter disturbances but also executive dysfunction presum-

ably from the parietal–frontal network. Much more research

is needed in order to clarify this finding and the differences

in AD pathophysiology in EOAD as compared to the much

more common, and typical, LOAD. Future studies could prof-

itably evaluate other important areas, such as white matter

integrity in order to assess the fronto–parietal network and

gene status, as this has a large impact on the development

of early-onset dementias.47
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