
Progressive regional atrophy in normal
adults with a maternal history of
Alzheimer disease

Robyn A. Honea, DPhil
Russell H. Swerdlow,

MD
Eric D. Vidoni, PT,

PhD
Jeffrey M. Burns, MD,

MS

ABSTRACT

Objective: Beyond age, having a family history is the most significant risk factor for Alzheimer
disease (AD). This longitudinal brain imaging study examines whether there are differential pat-
terns of regional gray matter atrophy in cognitively healthy elderly subjects with (FH�) and with-
out (FH�) a family history of late-onset AD.

Methods: As part of the KU Brain Aging Project, cognitively intact individuals with a maternal
history (FHm, n � 11), paternal history (FHp, n � 10), or no parental history of AD (FH�, n � 32)
similar in age, gender, education, and Mini-Mental State Examination (MMSE) score received MRI
at baseline and 2-year follow-up. A custom voxel-based morphometry processing stream was
used to examine regional differences in atrophy between FH groups, controlling for age, gender,
and APOE �4 (APOE4) status. We also analyzed APOE4-related atrophy.

Results: Cognitively normal FH� individuals had significantly increased whole-brain gray matter
atrophy and CSF expansion compared to FH�. When FH� groups were split, only FHm was asso-
ciated with longitudinal measures of brain change. Moreover, our voxel-based analysis revealed
that FHm subjects had significantly greater atrophy in the precuneus and parahippocampus/
hippocampus regions compared to FH� and FHp subjects, independent of APOE4 status, gender,
and age. Individuals with an �4 allele had more regional atrophy in the frontal cortex compared to
�4 noncarriers.

Conclusions: We conclude that FHm individuals without dementia have progressive gray matter
volume reductions in select AD-vulnerable brain regions, specifically the precuneus and parahip-
pocampal gyrus. These data complement and extend reports of regional cerebral metabolic differ-
ences and increases in amyloid-� burden in FHm subjects, which may be related to a higher risk for
developing AD. Neurology® 2011;76:822–829

GLOSSARY
AD � Alzheimer disease; CDR � Clinical Dementia Rating; FH� � with family history of late-onset Alzheimer disease; FH� �
without family history of late-onset Alzheimer disease; FHm � maternal history of Alzheimer disease; FHp � paternal history
of Alzheimer disease; GLM � general linear model; GMChange � gray matter volume change image; MCI � mild cognitive
impairment; MMSE � Mini-Mental State Examination; mtDNA � mitochondrial DNA; VBM � voxel-based morphometry.

Late-onset Alzheimer disease (AD) is a neurodegenerative disease caused by complex genetic and
environmental mechanisms.1 Age is the most significant risk factor for developing AD, followed by
a family history of AD,2 with maternal transmission significantly more frequent than paternal
transmission.3 First-degree relatives of individuals with AD are at a 4- to 10-fold higher risk for AD
compared to individuals with no family history.2 Since it is unknown how familial transmission of
AD biologically increases susceptibility for AD, clarifying mechanisms of familial risk for AD are a
step toward developing enhanced treatment and prevention strategies.

Various forms of neuroimaging have attempted to characterize genetic and familial risk
factors for late-onset AD by studying heritable traits in healthy individuals with no cognitive
impairment.1 There are several studies showing that individuals without dementia who are
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offspring of AD-affected mothers may have
changes in memory performance,4 reductions
in brain glucose metabolism in parieto-
temporal cortices and posterior cingulate,5

and increased A� load primarily in the frontal
cortex, posterior cingulate, and precuneus.6

At cross-section, we found that cognitively
normal individuals with a maternal history
(FHm) of late-onset AD had reduced gray
matter volume in AD-related brain regions
compared to those with a paternal (FHp) or a
negative family history (FH�) of AD.7 How-
ever, no studies have yet assessed if there is
progressive atrophy over several years in indi-
viduals with a family history of AD.

Recently, 3-dimensional-mapping meth-
ods8 have been developed to characterize
spatial patterns of atrophy as a biomarker
for studying disease progression due to their
ability to predict conversion from mild cog-
nitive impairment (MCI) to AD.9 We used
an optimized voxel-based 3-dimensional
longitudinal analysis method to identify
brain atrophy in the absence of significant
clinical progression over 2 years in individ-
uals with risk for AD due to a first-degree
family member with AD.

METHODS Standard protocol approvals, registra-
tions, and patient consent. This study was approved by the
University of Kansas School of Medicine Human Subjects Com-
mittee. All participants provided informed consent according to
institutional guidelines.

Demographics. Subjects without dementia aged 60 and over
were enrolled in the University of Kansas Brain Aging Project.
Participants were recruited from a referral-based memory clinic
and by media appeals. All subjects received a standard diagnostic
evaluation that included medical (history, physical, and labora-
tory), neuropsychological, and MRI examinations at baseline
and at 24 months. The absence of cognitive and functional de-
cline was determined by a board-certified neurologist with spe-
cialized training in the evaluation of dementia using the Clinical
Dementia Rating (CDR).10 The clinical assessment included a
semi-structured interview with the participant and with a collat-
eral source knowledgeable about the participant. Persons with
neurologic disease other than AD, history of ischemic heart dis-
ease, history of significant mental illness, diabetes mellitus, or
other illness that might impair participation were not eligible for
the study.

Subjects in this sample were 63–83 years of age at baseline,
had education �12 years, CDR of zero, and Mini-Mental State
Examination (MMSE) �28.11 Subjects completed thorough
family history examinations with a nurse clinician.7 Briefly, a
family history of dementia included at least one first-degree rela-
tive whose dementia onset was between the ages of 60 and 80
years, and was taken using a standard family history form. Partic-

ipants self-reported names, dates of birth, age at death, age at
onset of disease, and clinical information of affected and unaf-
fected family members. Subjects were not included if both of
their parents had not lived to the age at risk of late-onset AD
(i.e., 60 years). Only subjects with a positive family history with
a single parent with AD (FH�) were included in the present
study. These subjects were divided into maternal (FHm) and
paternal (FHp) FH groups and compared with subjects without
a family history of dementia (FH�). Of 66 individuals who
participated in the study at both timepoints, 13 were excluded
based on a lack of complete family history data (2), both parents
having a family history of AD (3), brain imaging data not quali-
fied at baseline or follow-up (6), or conversion to early AD (1
FH� individual, plus 2 of the individuals who had both parents
with a family history of AD).

A trained psychometrician administered a psychometric bat-
tery including standard measures of memory, language, execu-
tive function, and visuospatial ability at baseline and at 24
months (tests described in detail elsewhere12). Cognitive perfor-
mance scores were converted to Z scores based on the mean and
SD of a larger cohort of individuals without dementia.12 The
mean of each participant’s Z scores was determined to create an
index of global cognitive performance, and the mean of each
participant’s Z scores on memory tests were used to create an
index of global memory performance. Z scores from baseline and
24 months were used to calculate cognitive change scores for
each individual.

Covariates. We also examined several covariates that have been
linked to aspects of brain health and may potentially be involved
in risk for AD.13 Measured covariates included habitual level of
physical activity, activities of daily living, the Geriatric Depres-
sion Scale, and laboratory assessment of lipids, inflammation,
and vascular factors. Details on laboratory assessments of choles-
terol, triglycerides, C-reactive protein, and hemoglobin A1c are
provided elsewhere.14 The participant’s level of habitual physical
activity was estimated using the Physical Activity Scale in the
Elderly. Activities of daily living were indexed using the Alzhei-
mer’s Disease Cooperative Study Activities of Daily Living Scale
for MCI.15 APOE genotypes were determined by restriction en-
zyme isotyping.

Brain imaging. Baseline and 2-year follow-up whole-brain
structural MRI data were obtained using the same Siemens 3.0
Tesla Allegra MRI Scanner. High-resolution T1-weighted ana-
tomic images were acquired (magnetization-prepared rapid gra-
dient echo; 1 � 1 � 1 mm3 voxels, repetition time � 2,500,
echo time � 4.38 msec, inversion time � 1,100 msec, field of
view � 256 � 256, flip angle � 8 degrees) and each scan was
checked for image artifacts and gross anatomic abnormalities.

Image analysis. Data analysis for 53 subjects was performed
using SPM8 algorithms (Wellcome Department of Cognitive
Neurology, London, UK) running under MATLAB 7.2 (The
MathWorks, Natick, MA) on Linux. Voxel-based morphometry
(VBM) methodologies were used to compare changes over time
in regional tissue volume between family history groups. In
short, the baseline gray matter segmented images and Jacobian
determinants (containing information about the follow-up im-
age) were multiplied to form a gray matter volume change image
(GMChange) (see appendix e-1 on the Neurology� Web site at
www.neurology.org, which contains citations 16–18, for de-
tails). The normalized, modulated, and smoothed (8 mm)
GMChange maps for each individual were then inputted into
statistical analysis in SPM8.
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Gray matter, white matter, and CSF segmentations for base-
line and follow-up images were used to calculate total intracra-
nial volume, normalized gray matter, white matter, and CSF
volumes. Annualized rate of change was calculated by dividing
the difference in volume between time points by the time (in
years) between the 2 scans.

Image statistics. First, the baseline and annualized rates of
change for normalized whole brain volume values were com-
pared between groups using the general linear model (GLM)
univariate analysis with post hoc t tests in SPSS 17.0. Then, as
part of our primary VBM analysis in SPM8, a GLM full factorial
analysis with post hoc t tests was used to examine the anatomic
distribution of gray matter volume changes between groups, in-
cluding age, gender, and APOE4 carrier status as confounding
variables. These analyses were done on the smoothed gray matter
change maps to test for differential changes over time, reflecting
an interaction of groups and time. First, we examined whether
there were significant regional gray matter atrophy differences
between FH� and FH� (FHm and FHp combined) groups.

Second, we examined whether there were parent gender effects

on regional gray matter atrophy by comparing the 3 groups

(FH� vs FHp vs FHm). To focus our analyses on AD-related

regions, we used a masking image of regional gray matter vol-

umes significantly decreased in subjects with early AD compared

to elderly subjects without dementia from a previous study,19

which we applied to the full volume of data for each contrast.7

Results were considered significant at p � 0.05 after correction

for multiple comparisons (familywise error). Since we previously

identified brain regions showing gray matter volume differences

across FH groups at baseline,7 we also include results at p �

0.001 uncorrected, with clusters exceeding an extent threshold

of 100 voxels and Z �3.0.

As a secondary analysis, we performed a t test to analyze

regional atrophy differences between the 14 subjects carrying an

APOE4 allele (�2/�4, n � 0; �4/�3, n � 12; �4/�4, n � 2) and

the 39 who did not �2/�3, n � 9; �3/�3, n � 30), controlling for

age and gender. We then tested for overlap of these regional

atrophy changes to our family history regional atrophy changes

using a conjunction analysis. As in the family history analysis

above, we focused the APOE4 analysis on AD-related regions, as

listed above.

Statistical analyses. SPSS 17.0 was used for all statistical anal-

ysis outside of imaging space. Continuous demographic, cogni-

tive, and imaging variables were compared between the family

history groups at baseline and 2-year follow-up using analysis of

variance. �2 was used to compare categorical variables between

groups. For all analyses, results were considered significant at

p � 0.05.

RESULTS There were no significant differences be-
tween the FH groups in age, gender distribution,
years of education, or neurocognitive measures (table
1). The prevalence of APOE4 carriers was signifi-
cantly lower in FH� (15%) and FHp (20%) as com-
pared with FHm (63%). There were no differences
between groups in antihypertensive, �-blocker, or
cholesterol agent use at follow-up. There were also
no differences in baseline or change over 2 years be-
tween groups on the Geriatric Depression Scale, ac-
tivities of daily living, or in physical activity level.

Elderly FH� individuals had a trend for higher
systolic pressure (p � 0.053) and diastolic pressure
(p � 0.063) compared with FH� individuals. There
were no significant differences between circulating
C-reactive protein levels between groups, or vascular
factors, including levels of lipids, fasting glucose, and
hemoglobin A1c (table e-1). There were no signifi-
cant group differences in 2-year change on any mea-
sures (data not shown).

FH� individuals had significantly more whole
brain atrophy (gray matter � white matter) com-
pared to FH� individuals (table e-2). Specifically,
FHm individuals had significantly more gray matter
atrophy and CSF expansion than the FH� and FHp
groups. When we compared just the FHm and FHp
groups, the FHm group also had significantly more
normalized whole brain atrophy per year compared

Table 1 Subject characteristics by family history groupsa

FH� FHp FHm p Value

No. 32 10 11

Age at baseline, y 74 (7) 75 (8) 69 (6) 0.154

Gender, F/M (% F) 18/14 (56) 6/4 (60) 6/5 (54) 0.967

Education, y 16 (3) 17 (3) 15 (3) 0.281

APOE4, �/� (% APOE4) 27/5 (15) 8/2 (20) 4/7 (63) 0.007b

Antihypertensive use, n (%) 11 (.34) 2 (.20) 1 (.09) 0.228

�-Blocker use, n (%) 1 (3) 0 (0) 0 (0) 0.716

Geriatric Depression Scalec

Baseline 0.72 (0.95) 0.70 (0.82) 0.63 (0.92) 0.968

� 0.35 (1.6) �0.2 (0.63) �0.18 (0.75) 0.124

Activities of daily living

Baseline 49.5 (2.6) 47.5 (4.9) 48.9 (1.5) 0.200

� 0.41 (2.6) 3.1 (5.4) 0.18 (2.7) 0.138

Physical activity level

Baseline 12.9 (5.3) 11.5 (5.2) 16.1 (4.8) 0.121

� �4.7 (5.6) �2.8 (5.6) �3.4 (4.4) 0.130

Neuropsychological measures

MMSE

Baseline 29.5 (0.74) 29.5 (0.71) 29.6 (0.67) 0.931

� �0.53 (1.0) �0.20 (0.63) 0.0 (0.89) 0.248

Z global

Baseline 0.180 (0.52) 0.07 (0.42) 0.04 (0.45) 0.144

� �0.06 (0.39) 0.03 (0.16) �0.08 (0.39) 0.607

Z memory

Baseline 0.228 (0.86) 0.131 (0.66) 0.04 (0.68) 0.564

� 0.05 (0.72) 0.24 (0.49) 0.44 (0.74) 0.391

Abbreviations: � � Change of mean score at follow-up compared to baseline; FH� �

without family history of late-onset Alzheimer disease; FHm � maternal history of Alz-
heimer disease; FHp � paternal history of Alzheimer disease; MMSE � Mini-Mental
State Examination.
a Values are mean (SD).
b Significant.
c Lower scores represent better performance/function.
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to the FHp group. We controlled for age, gender,
and APOE4 in these analyses.

For our voxel-based regional analysis of atrophy,
we first compared FH� and FH� groups. There
were no regions showing significantly more AD-
related gray matter volume atrophy in the FH� vs
FH� group as a whole. However, at p � 0.001 un-
corrected, FH� subjects had a trend for greater AD-
related atrophy in the anterior cingulate and medial
frontal cortex, the hippocampus/parahippocampal
gyrus, and the precuneus (see figure 1 and table e-3).
Furthermore, our familywise error corrected analysis
of the 3 groups (FH� vs FHp vs FHm) revealed that
there were significant increases in atrophy driven
by the FHm group in 2 regions: the left precuneus
and the left parahippocampal gyrus. At an uncor-
rected level (p � 0.001, t � 3.47, cluster size �

100), FHm individuals also had greater atrophy over
2 years in the anterior cingulate, the bilateral middle
temporal gyrus, the right hippocampus, right precu-
neus, and posterior cingulate compared to the FH�

group. FHm individuals had greater atrophy in the
left anterior cingulate than the FHp group. There
were no regions where the FH� or FHp group had
greater atrophy than the FHm group (see figures 1
and 2 and table 2).

Our secondary analysis tested whether the pro-
gressive regional atrophy changes in the maternal
family history group were driven by APOE4 geno-
type. We found that individuals with an �4 allele had
progressive atrophy primarily in the frontal cortices,
specifically in the left inferior frontal cortex and the
left superior frontal cortex (figure 3, table e-4), and
that these regional atrophy changes did not statisti-
cally overlap with the FHm regional atrophy changes
in the precuneus and parahippocampal gyrus.

DISCUSSION These results extend our cross-
sectional analyses by identifying regional degenera-
tion over 2 years in individuals with a maternal
family history of AD in several regions known to be
affected in early AD, namely the precuneus and para-
hippocampal gyrus.7 This regionally specific atrophy
appears to precede any evidence of cognitive decline,
and remained significant after accounting for poten-
tial risk factors for late-onset AD such as age, gender,
and APOE4 genotype. These findings complement
reports that FHm individuals have a unique imaging
endophenotype of AD, which may be important
for identifying individuals in a prodromal state
of AD.5,6,20,21

Longitudinally, all FH groups showed changes in
brain volume between baseline and follow-up, typi-
cal of the yearly rate of 0.5%–1% among healthy
elderly individuals.22 We report significant, progres-

Figure 1 Statistical parametric maps showing
gray matter atrophy in cognitively
healthy subjects with family
history of late-onset Alzheimer
disease (FH�) compared with
subjects without family history of
late-onset Alzheimer disease (FH�)

Areas of regional 2-year atrophy are represented on a red
(FH�� FH�) and blue (FH�� FHm) color-coded scale, reflecting
Z scores between 2 and 4. Overlapping regions are shown in
pink. Results are displayed on the axial and sagittal views of a
standard, spatially normalized MRI. Anatomic location and de-
scription of brain regions for A and B are in tables 2 and e-3.
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sive atrophy in the precuneus/parietal cortex and
parahippocampal cortex of FHm individuals com-
pared to both FHp and FH� groups. The paternal
group did not have increased regional atrophy com-
pared to the FHm group, which supports data show-

ing a stronger imaging endophenotype of AD in
FHm subjects.5,20 Our data are consistent with volu-
metric studies characterizing regions vulnerable to
progressive atrophy in the earliest stages of AD.23,24

For instance, individuals with MCI who convert to
AD have significantly less hippocampal gray matter
density and volume, amygdalar volume, and tempo-
ral and parietal lobe cortical thickness compared to
individuals with MCI who do not convert to AD,
with changes in medial temporal lobe atrophy best
predicting disease progression over time.25,26 More-
over, a recent study of family history in the ADNI
sample found a significant effect of positive maternal
history of dementia on hippocampal atrophy in indi-
viduals with MCI and AD, independent of age and
APOE4.27 While we did not identify any differences
in hippocampal atrophy between FH groups, our
parahippocampal atrophy finding in the FHm group
is in close proximity. Our results complement several
studies showing progressive temporal and parietal
hypometabolism in FHm individuals over time.5

Mosconi et al.6 recently reported that FHm subjects
without dementia had higher 11C-Pittsburgh com-
pound B PET retention in the anterior and posterior
cingulate cortex, precuneus, parietal, temporal, oc-
cipital, and frontal cortices compared to the other 2
family history groups. Our primary findings of pro-
gressive atrophy in the precuneus and medial tempo-
ral cortex overlap with regions of fibrillar A� burden
identified by Mosconi et al., although in our volu-
metric analysis we did not find significant differences

Figure 2 Increased regional atrophy in maternal history of Alzheimer disease (FHm) group compared to subjects without family history of
late-onset Alzheimer disease (FH�) and paternal history of Alzheimer disease (FHp) groups

(A) Longitudinal voxel-based results thresholded at Z �3.0, overlaid on 3-dimensional surface demonstrating precuneus and parahippocampal atrophy. (B)
Mean gray matter volume loss was extracted from the clusters showing maximal statistical difference at p � 0.05 familywise error corrected for precu-
neus cluster (B.a) and parahippocampal cluster (B.b), organized by family history group. Line represents mean volume change within the cluster for the
whole group.

Table 2 Brain regions showing gray matter volume atrophy in FHm subjects
compared with FHp and FH�a

Functional area
Cluster
extent t Value Z value

Coordinates:
x, y, z (mm)

Greater atrophy in FHm as
compared to FH�

Anterior cingulate 132 3.95 3.63 �11, 18, 41

R middle temporal gyrus 131 3.65 3.39 57, �36, 3

R hippocampus/lingual gyrus 347 3.47 3.25 19, �38, �1

L Middle temporal gyrus 221 4.06 3.72 �47, �44, �3

L parahippocampal gyrusb 2,126 4.35 3.95 �10, �47, 1

L superior parietal, precuneusb 1,734 5.07 4.47 �18, �58, 43

R precuneus 426 4.3 3.91 18, �60, 47

L middle temporal gyrus 477 4.22 3.84 �36, �63, 15

R precuneus 195 3.82 3.53 25, �65, 34

Posterior cingulate 103 3.64 3.38 �9, �69, 7

Greater atrophy in FHm as
compared to FHp

L anterior cingulate 89 4.02 3.69 �5, 27, �11

Abbreviations: FH� � without family history of late-onset Alzheimer disease; FHm � mater-
nal history of Alzheimer disease; FHp � paternal history of Alzheimer disease.
a Analyses controlled for age, gender, and APOE4. Regions are listed rostral to caudal.
Coordinates from Talairach and Tournoux.
b Regions significant at p � 0.05 familywise error corrected, k �100; all others were p �

0.001 uncorrected, k �100.
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between family history groups in the frontal or occip-
ital cortices. Regional A� load may overlap with atro-
phy in regions of highest amyloid load, namely the
posterior cingulate and precuneus, in individuals at
risk for developing AD based on family history. Our
FHm subjects showed a similar regional pattern of
atrophy to individuals with high amyloid load,28 sug-
gesting that precuneus atrophy in particular may re-
flect underlying pathologic processes associated with
increased predisposition for AD.

The precuneus has widespread connections, a vari-
ety of functions (reviewed by Cavanna and Trimble29),
and a high metabolism during the brain’s resting state,
and plays a pivotal role in the default mode network.30

Individuals with early AD have been shown to have
abnormal default mode network activation, with signif-
icantly less deactivation in the precuneus, possibly asso-
ciated with decreased metabolism.31 Impairment of the
posterior cingulate and precuneus may be a key marker
to distinguish early forms of AD from healthy aging,32

and an early manifestation of A� deposition may affect
resting state connectivity changes seen by fMRI.33

While hippocampal volume and atrophy have been a
primary biomarker thus far for imaging studies of AD
risk, convergent evidence in FH� individuals may indi-
cate change in the precuneus as an early endophenotype
for AD risk.

In the current study, we investigated the relation-
ship of APOE4 to brain atrophy because there was a

higher APOE �4 frequency in our FHm group, simi-
lar to another report.34 The �4 allele has been associ-
ated with AD-like reductions in brain volume
(reviewed in reference 1). To account for these possi-
ble effects, we both controlled for APOE4, and ana-
lyzed APOE4 groups separately, which demonstrated
that APOE4 did not fully explain the progressive re-
gional atrophy we observed in the FHm group.
However, due to unequal sample sizes and an under-
powered sample when split, we were unable to prop-
erly test whether FHm APOE4 carriers show more
severe atrophy compared to the other groups. Future
studies with larger, even sample sizes will be neces-
sary to replicate our data, and to specifically examine
interactions between APOE and FH.

Our primary finding of progressive atrophy in
cognitively normal FHm individuals contributes to
growing data pointing toward a possible maternal
transmission of risk for AD. While a number of AD
endophenotypes are heritable, including metabolic
deficits,5 A� load,6 reduced blood oxygen level-
dependent signal on fMRI,21 and brain atrophy, the
genetic basis for the transmission of these phenotypes
is unknown.35 One potential genetic basis is mito-
chondrial DNA (mtDNA), given both its maternal
transmission and evidence supporting a role for
mtDNA abnormalities in AD. Mitochondrial dys-
function may be responsible for alterations in glucose
metabolism in AD brain tissue,36 consistent with

Figure 3 Atrophy in APOE4 carriers compared to noncarriers, and individuals with family history of late-
onset Alzheimer disease (FH�) compared to without family history of late-onset Alzheimer
disease (FH�)

Blue regions indicate areas of increased atrophy in APOE4 carriers compared to noncarriers in the prefrontal, frontal, and
parietal cortex. Pink regions indicate areas of increased atrophy in the medial temporal, temporal, parietal, and some frontal
cortex in individuals with a family history of AD, as detailed in tables 2 and e-4. First column of images (A) are the left lateral
(A.a) and medial pial surface (A.b), middle column of images (B) were the caudal (B.a) and rostral (B.b) view, right column of
images (C) were the right lateral (C.a) and medial (C.b) surface. Results at p � 0.001 uncorrected, clusters �100.
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data showing selective metabolic impairment in chil-
dren of mothers with AD.20 Previous studies of mito-
chondrial function in AD have also shown altered
oxidative metabolism in the AD brain prior to AD
pathology.37 Moreover, neuronal nuclear genes influ-
encing mitochondrial energy metabolism are under-
expressed in early AD,39 particularly in the regions
like the precuneus.38 Thus, the early impact of mito-
chondrial protein changes on neuronal death may be
one possible mechanism for specific regional atrophy
in individuals with a maternal transmission.

Our study is limited by a lack of neuropathologic
confirmation of parental AD, and it is possible that
parents who developed dementia may not have had
AD but another dementia. If the relatives of our sub-
jects did not have AD, it would have likely reduced
our ability to detect group differences. FH question-
naires such as ours, however, have been shown to
agree with neuropathologic findings.40 The small
sample size may have limited our power to resolve
group differences in longitudinal atrophy in this oth-
erwise healthy sample, in particular in the FHp
group. However, our 3-dimensional mapping meth-
ods provide increased ability to resolve brain differ-
ences among smaller groups and have been shown to
have high statistical power.9 Despite these limita-
tions, the regional specificity of our longitudinal
findings in AD-vulnerable regions in individuals
without dementia complement and extend reports of
cerebral metabolic differences and increased A� load
in parietal and temporal cortices in subjects with a
maternal family history.
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