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bstract

We sought to determine whether there are structural and metabolic changes in the brains of older adults with cognitive complaints yet who
o not meet MCI criteria (i.e., preMCI). We compared the volumes of regional lobar gray matter (GM) and medial temporal lobe structures,
ncluding the hippocampus, entorhinal cortex (ERC), fusiform and parahippocampal gyri, and metabolite ratios from the posterior cingulate in
ndividuals who had a Clinical Demetia Rating (CDR) of 0.5, but who did not meet MCI criteria (preMCI, N = 17), patients with mild cognitive
mpairment (MCI, N = 13), and cognitively normal controls (N = 18). Controls had more ERC, fusiform, and frontal gray matter volume than
reMCI and MCI subjects and greater parahippocampal volume and more posterior cingulate N-acetylaspartate (NAA)/myoinosotil (mI) than
CI. There were no significant differences between MCI and preMCI subjects on any of these measures. These findings suggest there are

eurodegenerative changes in the brains of older adults who have cognitive complaints severe enough to qualify for CDR = 0.5 yet show no

eficits on formal neuropsychological testing. The results further support the hypothesis that detection of individuals with very mild forms of
lzheimer’s disease (AD) may be facilitated by use of the CDR, which emphasizes changes in cognition over time within individuals rather

han comparison with group norms.
2008 Elsevier Inc. All rights reserved.
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. Introduction

The ability to detect evidence of prodromal Alzheimer’s
isease (AD) is important for clinical management and care

lanning. The recent development of therapies that may
otentially slow disease progression in AD has further high-
ighted the significance of identifying prodromal AD at the
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arliest stage possible. Numerous studies have used mag-
etic resonance imaging (MRI) to investigate the in vivo
athology of mild cognitive impairment (MCI), considered
y many to be a transitional phase between normal aging
nd AD (Petersen et al., 1999). The clinical criteria for MCI
equire impairment in one or more cognitive domains, as
emonstrated by neuropsychological testing, yet not severe
nough for a diagnosis of dementia (Petersen et al., 1999).

lthough there are many older adults who have cognitive

omplaints but who do not meet MCI criteria (Saykin et
l., 2006; Storandt et al., 2006), few imaging studies have
xamined stages of prodormal AD earlier than MCI (i.e.,

mailto:linda.chao@ucsf.edu
dx.doi.org/10.1016/j.neurobiolaging.2008.05.004
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reMCI). One exception is a recent study by Saykin et al.
2006) in which the authors reported structural MRI changes
n the brains of older adults who, despite having cognitive
omplaints, performed normally relative to peers of same
ge and education on memory tests. Based on these findings,
aykin and colleagues suggested that cognitive complaints

n older adults, even when unaccompanied by deficits on
ormal testing, may indicate underlying neurodegenerative
hanges. This is an important finding because there is evi-
ence to suggest that even though these older individuals do
ot meet MCI criteria, they may still be at increased risk for
uture cognitive decline and conversion to AD (Storandt et
l., 2006).

Saykin and colleagues used multiple inventories to quan-
ify cognitive complaints older adults, including the memory
elf-rating questionnaire (Squire et al., 1979), self and infor-
ant versions of the neurobehavioral function and activities

f daily living scale (Saykin, 1992; Saykin et al., 1991), self
nd informant versions of the informant questionnaire on cog-
itive decline in the elderly (Jorm and Jacomb, 1989), the four
ognitive items from the Geriatric Depression Scale (GDS)
Yesavage et al., 1982), 10 cognitive items from a telephone-
ased screening for MCI (Rabin et al., 2004), and 23 items
rom the Memory Assessment Questionnaire, adapted in part
rom the Functional Activities Questionnaire (Pfeffer et al.,
982). Because it is not practical to administer this many
uestionnaires and inventories in a clinical setting, we sought
o quantify cognitive complaints in older adults using just
he Clinical Dementia Rating (CDR) (Morris, 1993). The
DR was developed at the Memory and Aging Project at
ashington University School of Medicine in 1979 for the

valuation and staging of dementia severity. It involves an
nformant-based interview to ascertain decline in the pre-
iously established cognitive and functional abilities of the
ndividual, a clinical examination of the individual, and the
ssessor’s synthesis of all observations from the interview and
xamination to determine the presence of dementia, and when
resent, its severity. A CDR score of 0 denotes no cognitive
mpairment while a CDR of 0.5 suggests that an individ-
al is “neither demented nor clearly healthy” (Hughes et al.,
982).

The goal of this study was to determine whether structural
nd spectroscopic magnetic resonance imaging can detect
hanges in brains of older adults who have a CDR of 0.5
ut who show no deficits on formal neuropsychological
esting and therefore do not meet MCI criteria. We compared
hese preMCI subjects to patients with MCI and cognitively
ormal controls.

Hippocampal atrophy is a well-described feature of AD
Hsu et al., 2001; Kantarci and Jack, 2003; Zakzanis et
l., 2003), risk for developing AD (den Heijer et al., 2006;
ungas et al., 2005), and to some extent, in normal aging
de Leon et al., 1997; Hedden and Gabrieli, 2005; Jack et
l., 2000; Petersen et al., 2000). Therefore, the first objec-
ive of this study was to compare hippocampal volume in
reMCI, MCI, and cognitively normal controls. Convit et
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l. (2000) reported that including the volume of the fusiform
yrus along with hippocampal volume significantly improved
he ability to separate patients with MCI from those with
D. Therefore, the second objective of this study was to

ompare fusiform volume in preMCI, MCI, and control sub-
ects.

Previous histopathological findings indicate that the neu-
ofibrillary tangles of AD first appear in the anterior
arahippocampal region, which encompasses the ectorhi-
al (Brodmann area 36), perirhinal (Brodmann 35), and
ntorhinal (Brodmann 28) areas of the medial temporal lobe
MTL) (Braak and Braak, 1991; Morris and Price, 2001).
onsistent with these findings, several imaging studies have
oted atrophy in the parahippocampal gyrus (Visser et al.,
999; Wolf et al., 2003) and entorhinal cortex (ERC) (de
oledo-Morrell et al., 2000; Xu et al., 2000; Dickerson et al.,
001; Du et al., 2001) in MCI patients compared to normal
lderly. ERC atrophy has also been reported to accurately
redict future conversion of MCI to AD (de Toledo-Morrell
t al., 2000; Killiany et al., 2000; Dickerson et al., 2001;
e Leon et al., 2001). Therefore, the third objective of
his study was to compare the volumes of the ERC and
arahippocampal gyrus in preMCI, MCI, and control sub-
ects.

The results from in vivo neuroimaging studies suggest that
ormal aging, MCI, and AD are all associated with gray mat-
er (GM) loss. Compared to normal controls, several research
roups have reported GM atrophy in the temporal lobe (Baron
t al., 2001; Kidron et al., 1997), posterior cingulate (Baron
t al., 2001; Busatto et al., 2003; Scahill et al., 2002), and
recuneus (Baron et al., 2001; Busatto et al., 2003; Frisoni et
l., 2002) in AD and GM atrophy in the MTL (Karas et al.,
004; Pennanen et al., 2005), insula, and thalamus (Karas et
l., 2004) in MCI. Global brain atrophy has also been shown
o predict the imminent progression from MCI to AD (Jack
t al., 2004). In normal aging, cross-sectional (Bartzokis et
l., 2001; Jernigan et al., 2001; Raz et al., 2004) and longitu-
inal (Pfefferbaum et al., 1998; Resnick et al., 2003; Scahill
t al., 2003; Raz et al., 2005) studies have reported GM atro-
hy, most prominently in the prefrontal cortex. Therefore,
he fourth objective of this study was to compare patterns of
M atrophy in the four lobes of the brain (i.e., frontal, pari-

tal, temporal, and occipital) in preMCI, MCI, and control
ubjects.

Singl-voxel 1H MR spectroscopy from the posterior
ingulate region has been shown to be sensitve to the bio-
hemical changes in the brains of patients with AD and MCI
Kantarci et al., 2000; Catani et al., 2001). Kantarci et al.
2000) found higher myoinosotil (mI)/creatine (Cr) ratios in
atients with MCI and AD relative to controls. Furthermore,
-acetylaspartate (NAA)/mI ratio has been shown to be an
fficient predictor of memory and cognitive function in MCI

nd AD (Kantarci et al., 2002). Therefore, the final objec-
ive of this study was to examine metabolite differences in
he posterior cingulate region of preMCI, MCI, and control
ubjects.
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. Methods

.1. Study participants

Forty-eight subjects participated in the study. Participants
ere referred to the study by memory clinics in the San Fran-

isco Bay Area, including the Memory Disorders Clinic at the
an Francisco Veterans Affairs Medical Center, the Memory
nd Aging Center at the University of California, San Fran-
isco, and the Memory Disorders Clinic at the California
acific Medical Center or recruited by flyers and adver-

isements in local newspapers. All participants gave written
nformed consent, approved by review boards of the Univer-
ity of California San Francisco and the San Francisco VA

edical Center. In addition to structural and spectroscopic
maging, all participants received medical and neurological
xaminations and neuropsychological testing.

Participants were required to have an informant who knew
hem well and could answer questions about their cognition
nd general health. Exclusion criteria included any medi-
al, psychiatric, or neurologic condition (other than MCI)
hat could significantly affect brain structure or cognition,
istory of head trauma with loss of consciousness lasting
ore than 5 min, and factors contraindicating MRI. None

f the participants used anti-seizure medication, anxiolyt-
cs, antidepressant, or cholinesterase inhibitors. Participants
ith hypertension controlled by medication (5 cases) were

ncluded in the study. Hypertensive participants took stan-
ard hypertension treatment (e.g., beta-blockers, calcium
hannel blockers, ACE-inhibitors and potassium-sparing
iuretics). Other medication used by study participants
ncluded antacid/antiulcer agent (e.g., omeprazole, 3 cases),
nticoagulant (e.g., warfarin, baby aspirin, 4 cases), anti-gout
edication (e.g., allopurinol, 2 cases), cholesterol lowering

gent (e.g., atorvastatin, 2 cases), hormone replacement ther-
py (2 cases), prostate enlargement treatment (e.g., terazosin,
cases), analgesics (e.g., acetaminophen and indomethacin,
cases), and various vitamin, multivitamin, and nutritional

upplements (e.g., glucosamine, chondroitin sulfate, fish oil,
olic acid, magnesium, methylsulfonylmethane, 8 cases).

.2. Neuropsychological tests

Participants were assessed with the California Verbal
earning Test (CVLT II) (Delis et al., 2000) and the
elis–Kaplan Executive Function System (D-KEFS) (Delis

t al., 2001). Item response theory (IRT) analytic meth-
ds (Baker, 1985; Hambleton and Swaminathan, 1985;
ambleton et al., 1991) were used to create psychomet-

ically matched scales of verbal episodic memory and an
xecutive function. The development and characteristics of
hese scales have been previously described by Mungas et al.

2003). Briefly, item scores from a comprehensive neuropsy-
hological test battery in a sample of 400 elderly persons who
aried in cognitive status from cognitively healthy to mildly
emented served as the basis for scale development. Within

M
A
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he IRT framework, scales are matched when they demon-
trate equivalent reliability (test information values) over a
imilar range of measured ability. In terms of classical test
heory, this translates to a reliability coefficient of 0.93 for
ach scale. It also means that the scales have linear measure-
ent properties (i.e., an absence of floor or ceiling effects)

ver this broad range of cognitive function. The scales also are
ear-normally distributed, which presents advantages for sta-
istical analyses. Each scale was transformed to have a mean
f 100 and a standard deviation of 15. Donor items for the
emory composite score included CVLT immediate recall

rials 1–5, short delay free- and cued-recall, and total recog-
ition discriminability scores. Donor scales for the executive
unction composite score included the FAS verbal fluency
est, Stroop and Trail making tests from the D-KEFS battery.

.3. Criteria for group assignment

None of the study participant met the clinical diagnostic
riteria for dementia. Thirteen participants were diagnosed
ith MCI by clinicians from the referring memory clinics
y standard criteria (Petersen et al., 2001). Seventeen partici-
ants were classified as “preMCI” for purposes of this study.
hese participants had CDR of 0.5 at time of entry into the
tudy but were not impaired on formal neuropsychological
esting (i.e., these subjects had memory and executive func-
ion composite scores that were above the mean of 100). For
he most part, clinicians from the referring memory clinics
ad given these participants research diagnoses of “meets
o criteria”. Eighteen cognitively normal controls with a
DR of 0 and memory and executive function composite

cores that were above the mean of 100 participated in the
tudy.

The CDRs were administered by clinical nurses from the
eferring memory clinic. On some occasions, the CDRs of
ognitively normal control subjects not referred to the study
y memory clinics were administered by a clinical assessor
ther than a nurse. All staff who administered the CDR com-
leted the Brief Training and Reliability Protocol (BTRP)
ffered by the Washington University Alzheimer’s Disease
esearch Center. The BTRP includes an introduction to the
DR by Dr. John Morris, three videotaped patient inter-
iews for training purposes, and six videotaped interviews
or reliability certification. Successful completion of the six
eliability tapes is achieved with agreement with a “gold stan-
ard” on at least five out of the six tapes. Prior research has
hown that physicians and non-physician health profession-
ls demonstrate good reliability in administering the CDR
fter appropriate training (Rockwood et al., 2000; Schafer et
l., 2004).

.4. Magnetic resonance imaging
All MR imaging were performed on a clinical 1.5 tesla
R scanner (Vision, Siemens Medical Systems, Iselin, NJ).
lthough imaging typically occurred on the same day as the
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europsychological assessment, due to scheduling conflicts,
few participants were scanned within 2–3 weeks of the neu-

opsychological assessment. Coronal T1-weighted images
TR/TI/TE = 9/300/4 ms, 1 mm × 1 mm in-plane resolution,
.5 mm slabs), axial proton density (PD) and T2-weighted
mages (TR/T1/TE = 5000/20/85, 1 mm × 1.25 mm in-plane
esolution, 3 mm slabs) were obtained for volumetry pur-
oses.

.4.1. Tissue segmentation and lobar definition
Each participant’s MRI was transformed with multi-grid

ree form volume deformation (Studholme et al., 2004)
nto an age-appropriate atlas on which the four lobes of
he brain had been marked (see Fig. 1D). In order to
btain the GM volume for each lobe, the lobar markings
ere combined the with tissue segmentation, performed
ith expectation-maximization segmentation (EMS) (Van
eemput et al., 1999, 2001, 2003) according to procedures
reviously described (Chao et al., 2007) (see Fig. 1). Due to
ystematic errors partially introduced by the left/right asym-
etry of the warping template, we combine volume data from

oth hemispheres in the analyses.

.4.2. Hippocampal measurement
Hippocampal volumes were measured using a semi-

utomated high dimensional brain-warping algorithm
Medtronic Surgical Navigation Technologies, Louisville,
O) (Hsu et al., 2002). Raters blinded to clinical informa-

ion of the participants visually inspected results of the high
imensional brain-warping. In some instances, hippocampal
asks that including non-hippocampal tissue were manu-

lly edited. Reliability of the hippocampal measurements
as previously been determined by same-day test–retest MRI
cquisitions on nine subjects, yielding an intraclass coeffi-
ient of 0.94 (Du et al., 2004).

.4.3. Freesurfer parcellation
We used Freesurfer (Fischl and Dale, 2000) to examine the

olumes of the three a priori MTL regions of interest—the
arahippocampal and fusiform gyri and the ERC. All the
reesurfer results were visually inspected and manual for
orrections to the segmentations were made when necessary.
pproximately 75% of the data had to be manually edited

or reasons such as dura inclusions and gyral cut offs due to
oor white/gray contrasts in the MR images.

.4.4. Single voxel 1H MRS
Single voxel 1H MRS spectra from a 20 mm3 region of

nterest in the posterior cingulate cortex was acquired using
ingle voxel STEAM MRS (TR/TM/TE = 1800/10/25 ms,
28 averages), including CHESS water suppression achieved
ith optimized Shinnar LeRoux pulse design (Matson, 1994).

rior to each STEAM MRS acquisition, EPI images were
cquired to allow alignment of MRS with MRI data for atro-
hy correction, assuming no head movement between MRS
nd EPI scans.

p
h
w
C

ig. 1. Examples of (A) T-1 weighted image, (B) gray (in green), and (C)
hite (in red) matter segmentation, and (D) lobar markings.

.5. Statistical analyses

Data were analyzed by SPSS packate for Windows
15.0). Group effects for demographic, clinical, and the MRI
ariables were analyzed using the general linear model.
ollowing correction for multiple comparisons (Wilks’
ambda), multivariate analyses of variance and planned com-

arisons were performed. Group differences in regional GM,
ippocampal, parahippocampal, fusiform, and ERC volumes
ere tested using multivariate analysis of covariance (MAN-
OVA) with planned comparisons after adjusting for age and
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Table 1
Description of the three study groups

Characteristic Statisticsa Control preMCI MCI

N 18 17 13
Male:female ratio χ2 = 1.5 6:12 6:11 7:6
Age, year, range 61–79 59–89 66–91
Age, year, mean (S.D.)b F = 11.8*** 67.5 (5.0) 68.6 (7.9) 78.8 (7.4)
Education, year, range 12–21 12–20 9–22
Education, year, mean (S.D.) F = 0.61 16.4 (2.3) 17.4 (2.2) 17.2 (3.2)
CDR total, mean (S.D.) 0.0 (0.0) 0.5 (0.0) 0.5 (0.0)
CDR sum boxes, mean (S.D.)b F = 16.5*** 0.1 (0.2) 0.6 (0.3) 1.6 (1.0)
MMSE, mean (S.D.)c F = 12.7*** 29.6 (0.6) 29.1 (1.3) 27.0 (2.2)
Memory composite, mean (S.D.)c F = 45.4*** 118.6 (13.0) 121.0 (13.3) 79.2 (11.5)
Executive function composite, mean (S.D.)c F = 17.5*** 114.4 (10.1) 115.8 (12.4) 89.8 (16.8)

for MA
0.003).
0.001).
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a Degrees of freedom for χ2-test of independence = 2, degrees of freedom
b Tukey’s HSD post hoc test: MCI > CN (p < 0.0001); MCI > preMCI (p <
c Tukey’s HSD post hoc test: MCI < CN (p < 0.0001); MCI < preMCI (p <

otal intracranial volume (TIV). A Shapiro-Wilks test of nor-
ality revealed that all these variables approached a normal

istribution when age was included as an additive term in the
odel. Because we did not have any a priori hypotheses about

aterality, we combine volume data from both hemispheres
n the analyses to reduce the number of comparisons.

. Results

Table 1 summarizes the demographic, clinical, and cog-
itive composite scores in three study groups. A χ2-test of
ndependence revealed no difference in the male-to-female

atios among the three study groups. There were also no
roup difference in years of formal education; however, MCI
atients were significantly older than control and preMCI
ubjects. As expected, MCI patients had higher CDR sum of

t
M

u

able 2
ean volumes and metabolite ratios for three study groups

ariable Controls PreMCI

olume (cm3)
Intracranial 1275.1 (139.6) 1228.1 (154.

Hippocampusa

Right 2.33 (0.22) 2.30 (0.3
Left 2.31 (0.20) 2.27 (0.3

rontal GMa 217.23 (24.94) 201.80 (27.
arietal GMa 105.40 (13.51) 99.91 (12.
emporal GMa 140.53 (16.31) 134.85 (17.
ccipital GMa 53.48 (6.43) 49.60 (10.
ntorhinal Cortexb 3.49 (0.33) 2.99 (0.5
arahippocampal gyrusb 4.66 (0.68) 4.21 (0.6
usiform gyrusb 22.74 (2.76) 18.40 (1.9

etabolite
NAA/Crc 1.34 (0.09) 1.33 (0.1
mI/Crc 0.86 (0.04) 0.86 (0.1
NAA/mIc 1.57 (0.14) 1.55 (0.1

ote: standard deviations in parentheses.
a Data from 18 controls, 17 preMCI, 13 MCI, degrees of freedom for F-statistic =
b Data from 13 controls, 11 preMCI, 11 MCI, degrees of freedom for F-statistic =
c Data from 9 controls, 9 preMCI, 13 MCI, degrees of freedom for F-statistic = 2
NOVA = 2.47.

oxes scores and lower mean MMSE, memory and executive
omposite scores and than controls and preMCI subjects (see
able 1).

The first objective of this study was to compare hippocam-
al volumes in preMCI, MCI, and control subjects. Analyses
evealed no significant group effect for hippocampal volume.

The second objective of this study was to compare
usiform volume in preMCI, MCI, and control subjects. We
ere unable to obtain Freesurfer parcellation for five con-

rol subjects, six preMCI subjects, and two MCI subjects
ue to issues with scan quality. Analyses of the remaining
ata revealed a significant main group effect for fusiform
F2,34 = 7.60, p = 0.002) volume (see Table 2). Planned con-

rasts revealed that controls had more fusiform volume than

CI and preMCI subjects.
The third objective of this study was to compare the vol-

mes of the ERC and parahippocampal gyrus in preMCI,

MCI F p

4) 1225.0 (102.9) 0.71 0.50

4) 2.10 (0.25) 0.97 0.39
6) 2.03 (0.34) 1.37 0.26

44) 195.24 (16.25) 5.91 0.01
85) 95.66 (8.56) 0.78 0.46
34) 125.00 (11.51) 2.77 0.07
09) 48.47 (5.95) 0.62 0.54
3) 2.50 (0.49) 7.62 0.002
7) 3.62 (0.44) 6.58 0.04
5) 17.94 (3.03) 7.60 0.002

2) 1.23 (0.10) 1.02 0.37
0) 0.94 (0.08) 2.91 0.07
8) 1.32 (0.13) 5.26 0.01

2,47.
2,34.

,30.
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ig. 2. Examples Freesurfer parcellation of the (1) entorhinal cortex, (2) p
he black square denotes the approximate location of the single MRS voxe

CI, and control subjects. Analyses revealed significant
ain group effects for both ERC (F2,34 = 7.62, p = 0.002)

nd parahippocampal (F2,34 = 3.58, p = 0.04) volume (see
able 2). Planned contrasts revealed that controls had more
RC volume than MCI and preMCI and more parahippocam-
al volume than MCI.

The fourth objective of this study was to compare the pat-
erns of GM atrophy in the four lobes of the brain in preMCI,

CI, and controls. Analyses revealed a significant main
roup effect for frontal GM volume (F2,47 = 5.91, p = 0.005).
lanned contrasts showed that controls had more frontal GM
olume than MCI (p = 0.016) and preMCI (p = 0.003).

The final objective of the study was to examine metabo-
ite ratios in the posterior cingulate in preMCI, MCI, and
ontrols. Single-voxel 1H MRS data was available for 9 CN,
preMCI and 13 MCI subjects. Analysis revealed a signifi-

ant main group effect for NAA/mI (F2,30 = 5.26, p = 0.012).
lanned contrasts showed that controls had higher levels of
AA/mI (1.57 ± 0.14) in the posterior cingulate region than
CI (1.32 ± 0.13, p = 0.005) and marginally more NAA/mI

han preMCI subjects (1.55 ± 0.18, p = 0.06).
Because there were significant group differences in poste-

ior cingulate NAA/mI, we used the Freesurfer parcellation
n a post hoc analysis to examine whether there was a similar
roup difference in posterior cingulate volume. As shown
n Fig. 2, the region where we placed the voxel for pro-
on spectroscopic imaging was part of a region classified by
reesurfer as the isthmus of the cingulate. Post hoc anal-
sis revealed a significant main group effect for volume

F2,34 = 3.45, p = 0.45). Planned contrasts showed that while

CI had less volume (p = 0.013) in this region of the brain
han controls, there were no significant difference between

CI and preMCI subjects.

n
m
v
E

ocampal and (3) fusiform gyri, and (4) the isthmus of the cingulate gyrus.

. Discussion

The present study sought to characterize the pattern of
RI/MRS changes in older adults who had a CDR score of

.5, but who showed no deficits on formal neuropsycholog-
cal testing, and therefore did not fulfill MCI criteria. The
esults indicate that these CDR 0.5 individuals (i.e., preMCI
ubjects) had abnormalities in the ERC, parahippocampal
nd fusiform gyri, frontal GM, isthmus of the cingulate, and
osterior cingulate NAA/mI levels similar to those found in
ndividuals diagnosed with MCI and who are considered by
ome to have early forms of AD (Morris et al., 2001). These
esults support the hypothesis that detection of individuals
ith very mild forms of AD may be facilitated by use of

he CDR, which emphasizes changes in cognition over time
ithin individuals rather than comparison with group norms

Storandt et al., 2006).
Compared to controls, preMCI subjects had reduced ERC,

usiform, and frontal GM volume. This finding should dispel
he notion that preMCI subjects were mistakenly assigned to
his group because of unreliable informants. Interestingly,
here were no significant verbal episodic memory, execu-
ive function, or MMSE differences between preMCI and
ontrol subjects despite the significant structural MRI dif-
erences. We assessed other cognitive domains (i.e., visual
nd semantic memory) and also did not find significant dif-
erences between preMCI and control subjects. There are
everal explanations for this. First, it is possible that changes
n frontal GM, ERC, and fusiform gyri occur prior to alter-

ations in cognitive function. Alternatively, it is possible that
any of the preMCI subjects were high functioning indi-

iduals who were able to compensate for their frontal GM,
RC, and fusiform atrophy, possibly due to incipient AD,
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y recruiting other brain regions (i.e., cognitive/brain reserve
ypothesis) (Schmand et al., 1997; Stern, 2002). Another pos-
ible, although not mutually exclusive, explanation is that
maging has greater statistical power to detect changes than
europsychological testing because of higher test–retest reli-
bility.

We found frontal GM atrophy in MCI subjects relative
o controls, consistent with previous reports by our group
nd others of inferior frontal atrophy in patients with MCI
Bell-McGinty et al., 2005; Duarte et al., 2006). We also
ound significant frontal GM atrophy in preMCI subjects
elative to controls. Cross-sectional (Bartzokis et al., 2001;
ernigan et al., 2001; Raz et al., 2004) and longitudinal
Pfefferbaum et al., 1998; Resnick et al., 2003; Scahill et
l., 2003; Raz et al., 2005) studies have noted prominent pre-
rontal GM volume reductions in normal aging. Although
he MCI group was older than the other two study groups,
here was no significant age difference between controls and
reMCI. Therefore, it is unlikely that aging alone can explain
he frontal GM atrophy that we found in the preMCI group.
t is noteworthy that Saykin et al. also found frontal GM den-
ity differences in their voxel-based morphometry study on
lder adults with cognitive complaints (CC) relative to con-
rols. Although Saykin et al. did not utilize the CDR, their CC
ubjects were similar to the preMCI subjects in the present
tudy in that they performed normally relative to peers of
he same age and education on cognitive tests but had cog-
itive difficulties based on informant questionnaires and/or
elf-reports. Although MTL structures have been the focus of
ost previous volumetric studies, several studies have shown

hat structural lesions (e.g., neurofibrillary tangles, neuritic
laques) are more widely distributed in MCI, and include
eocortical areas (Kordower et al., 2001; Price and Morris,
999). Furthermore, amyloid deposits have been identified
n vivo in the frontal lobes of patients with mild AD (Klunk
t al., 2004). Our results, together with those of Saykin et
l., suggest diffuse neurodegenerative changes also occur in
ndividuals who express cognitive complaints but who do not
et meet MCI criteria.

Consistent with previous studies, we found ERC, parahip-
ocampal, and fusiform atrophy, and decreased posterior
ingulate NAA/mI in MCI patients relative to controls (Visser
t al., 1999; Kantarci et al., 2000; Xu et al., 2000; de Toledo-
orrell et al., 2000; Dickerson et al., 2001; Catani et al., 2001;
olf et al., 2003; Chetelat et al., 2005). However, the lack

f a significant main group effect for hippocampal volume
as somewhat surprising given that hippocampal atrophy has
een well documented in MCI (Convit et al., 1997; Jack et
l., 1999; Du et al., 2001). Some authors have found that
RC measurements show better classification between con-

rols than MCI than hippocampal volume (Pennanen et al.,
004). de Toledo-Morrell and colleagues reported that base-

ine ERC volume was a better predictor than hippocampal
olume of conversion to AD among a group of non-demented
ubjects who had cognitive complaints (de Toledo-Morrell et
l., 2000; Dickerson et al., 2001). It is interesting to note

s
f
i
c
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hat not everyone in that group had demonstrable cognitive
mpairment, similar to the preMCI subjects in the present
tudy and the CC subjects studied by Saykin and colleagues.
aykin et al. (2006) also did not find significant hippocampal
trophy in their CC subjects relative to controls. Together,
hese results suggest that volumetric measurements of the
ntire hippocampus may not be sensitive enough to detect
bnormalities in the small and complexly shaped structures
f the MTL (Ashburner et al., 2003). For example, we have
ome preliminary evidence that suggest that, early in the
isease process, abnormalities in surface of the hippocam-
us corresponding to the subiculum and CA1 subfield may
e more sensitive indicators of future cognitive decline than
olumetric measurements of the whole hippocampus.

This study had several limitations: (1) The cross-sectional
ature of the study did not allow us to directly quantify longi-
udinal change within an individual. Instead, we had to rely on
he CDR to assess longitudinal decline via informant-based
uestionnaires and self-reports. Because previous studies
ave shown that individuals with cognitive complaints and
CDR of 0.5 had higher incidences of converting to demen-

ia (Albert et al., 2001), we are in the process of following
hese preMCI subjects longitudinally to determine the rel-
tive rates of conversion to dementia and to determine the
rajectory of cognitive decline, the progression of structural
nd metabolic brain changes, and the diagnostic outcomes.
or example, it is unclear whether these preMCI subjects
ill be more likely to eventually meet non-amnestic (i.e.,
ysexecutive) MCI criteria given their reduced frontal GM
olume. Following the subjects longitudinally will also allow
s to determine whether the present abnormalities seen on
RI are indeed related to AD pathology. It is possible that

ome of the preMCI subjects may eventually convert to other
ypes of dementia given their frontal GM atrophy and early
unctional impairment (i.e., frontotemporal lobar degenera-
ion, FTLD). (2) The sample sizes were small. (3) Due to the
engthy scan time and some data quality issues, we did not
ave imaging data for all subjects in all modalities. This pre-
ented us from comparing regional lobar volume differences
ith volumes of the MTL structures of interest derived from
reeSurfer and single-voxel spectroscopy data. (4) We did not
ormally test the consistency of the CDR ratings by acquiring
wo CDRs on one subject at the same visit. However, all staff
ho administered the CDR completed the Brief Training and
eliability Protocol offered by the Washington University
lzheimer’s Disease Research Center and prior research has

hown that physicians and non-physician health profession-
ls demonstrate good reliability in administering the CDR
fter appropriate training (Rockwood et al., 2000; Schafer et
l., 2004). (5) Our results may have limited generalizability
ecause most study participants had high levels of education
nd estimated baseline intellect. These limitations notwith-

tanding, our results suggest that historical/informant-based
unctional decline, even in the absence of overt cognitive
mpairment on formal neuropsychological testing, warrant
lose monitoring over time. Furthermore ERC, fusiform, and
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rontal lobe GM, atrophy may useful indices for detecting
arly transition from normal to abnormal aging, and possi-
ly to dementia in older individuals who express cognitive
omplaints.
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