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Abstract

The sensitivity of MRI volumetric measures to detect cognitive dysfunction is examined in 39 participants of an epidemiological field
study (age 75-85, MMSE 19-30). According to Clinical dementia rating (CDR), 17 subjects had normal cognition (CDR 0), 12 had
guestionable (CDR 0.5) and 10 mild dementia (CDR 1). Discriminant analysis based on four hippocampal measures resulted in a corre
classification of 76.9% of all subjects. Left-sided and posterior hippocampal measures were more responsible for group discrimination th
right-sided and anterior measures. In CDR 0.5, a significant hippocampal volume reduction of 14.3% vs.11.3% (left vs. right) relative t
normal was found. The right hippocampus was significantly greater than the left in CDR 0 and CDR 0.5, but not in CDR 1. The magnitud
of non-directional hippocampal asymmetry increased with decreasing cognitive state. We conclude that hippocampal atrophy is sensiti
to detect cognitive dysfunction and subjects at risk for Alzheimer’s disease in the elderly population. © 2001 Elsevier Science Inc. All right:
reserved.
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1. Introduction applied. “Questionable dementia” (CDR 0.5) refers to sub-
jects with objective cognitive impairment who are not yet

Alzheimer’s disease (AD) is the most common cause of demented but have a high risk to develop dementia in the
dementia in the elderly. near future [46].

The diagnosis of AD requires the presence of multiple  The hippocampal formation seems to be invariably in-
cognitive deficits, including memory impairment, which are volved in AD, which has led to the definition of AD as a
severe enough to interfere with activities of daily living hippocampal dementia [3]. Neurofibrillary tangles, i.e. his-
[53]. The pathological processes underlying AD seem to be topathological changes typical of AD are found in large
present years before the clinical diagnosis of AD can be numbers in the hippocampus of demented patients with AD.
made. Mild cognitive deficits are characteristic of the pre- The severity of neurofibrillary pathology in AD has been
clinical phase of AD. The transitional stage of mild cogni- shown to correlate inversely with hippocampal volume
tive impairment (MCI) in the elderly has become the subject measures in demented subjects [6,40].
of intensive investigation as a research category in the Previous neuroimaging studies have consistently shown
evaluation of preclinical Alzheimer’s disease [1,42]. Sub- that hippocampal atrophy (HA) is a sensitive marker for AD
jects with MCI generally meet the criteria for “questionable and that it provides high accuracy in discriminating normal
dementia” when Clinical Dementia Rating (CDR) [22] is controls and subjects with AD in more advanced stages

[9,23,28,36,41].
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early in the course of AD [24,26,30,34,36,41] and that it tions for MRI were present. To facilitate an adequate dis-
might even precede the onset of clinical symptoms [15,25, tribution along a presumed cognitive continuum, subjects
29]. However, most of these studies comprised only small were sampled in equal proportions according to their
numbers of subjects specifically selected to fulfill research MMSE scores (group 1: MMSE 19-21, group 2: MMSE
criteria for distinct diagnostic groups. Hence, little can be 22-24, group 3: MMSE 25-27, group 4: MMSE 28-30.)
said about the accuracy of hippocampal measures in the The present study includes the first 39 subjects (10
delineation of mild cognitive impairment and/or mild de- males, 29 females) who had been consecutively recruited
mentia in a non-selected population with a continuous range for LEILA-MCI and had received a MRI scan until Novem-
of cognitive functions. ber 1998. All subjects were clinically examined. Paraclini-

The aim of this study is to examine whether measures of cal tests included blood sampling, ambulatory blood pres-
HA may be useful for the delineation of questionable de- sure monitoring, magnetic resonance imaging (MRI), and
mentia in a sample of subjects aged 75 to 85 which were quantitative electroencephalography.
consecutively recruited from an epidemiologic field study.
In addition, the question as to which hippocampal measures2.2. Methods
are most sensitive for the detection of cognitive dysfunction
in the elderly is addressed. 2.2.1. Clinical assessment

All subjects were medically and neurologically exam-
ined by a trained physician and/or neurologist/psychiatrist
(HW, HJG). In the neurological examination, focal neuro-
logical signs and symptoms, gait, balance, primitive reflexes
and extrapyramidal signs (according to a subset of items of
the Unified Parkinson’s Disease Rating Scale, UPDRS)

We report on a subsample from theipzig Longitudinal were assessed. Psychiatric assessment included the comple-
Study of the Aged, LEILA 75[44,45], a community-based tion of the Montgomery-Asberg-Depression-Scale (MADR)
study of 1692 randomly selected individuals aged 75 and [37] and a semistructured interview in order to assess cog-
older. The present sample includes the first 39 consecutivelynitive and functional abilities of the subject as well as
recruited subjects which will take part in an ongoing lon- psychopathological features such as delusions and halluci-
gitudinal neuroimaging study (LEILA-MCI). nations.

As part of LEILA 75+, a fully structured interview was In cases with questionable or significant cognitive defi-
administered at a home visit during the time period January cits, a collateral source was also interviewed. According to
1997 to June 1998. The core component of the interview the available information, the cognitive state was deter-

2. Materials and methods

2.1. Subjects

was the SIDAM (Structured Interview for the Diagnosis of
Dementia of Alzheimer type, Multi-infarct dementia and
dementias if other etiology according to ICD-10 and DSM-
I1I-R) [55]. Part of this interview is a cognitive test battery
which contains all items of the Mini-Mental-State-exami-
nation (Folstein 1975) and a number of additional items
yielding a maximum score of 55 (SIDAM score or SISCO).
The SISCO can be subdivided into several cognitive do-
mains (orientation, immediate recall, delayed recall, long
term memory, intellectual abilities, verbal abilities/calcula-
tion, visuospatial function, and aphasia/apraxia).

A subsample of the LEILA population was subsequently
invited for further clinical and paraclinical examinations
(LEILA-MCI) which took place in the Memory Clinic of
the University Department of Psychiatry. Inclusion criteria

mined using Clinical Dementia Rating (CDR) [22] in a case
conference (consensus rating of three clinicians). Of the 39
subjects, 17 had a CDR of 0 (“normal cognition”), 12 a
CDR of 0.5 (“questionable dementia”) and 10 a CDR of 1
(“mild dementia”).

None of the subjects with a CDR-rating of 0.5 fulfilled
the ICD-10 criteria for dementia. In one male subject with
CDR 0.5, pronounced ventricular widening suggestive of
normal pressure hydrocephalus was found.

Only five of the 12 subjects with CDR 0.5 had significant
memory complaints. Only two of them had previously con-
tacted a doctor because of memory problems. According to
their cognitive performance in the SIDAM, four of the
subjects with CDR 0.5 showed a cognitive profile with
isolated memory impairment (defined by a delayed recall

were: age 75-85, right-handedness, and a MMSE scorescore which is at least 1.5 standard deviations [SD] below
above 18. Exclusion criteria were: physical and/or neuro- the mean of those who were judged to have CDR 0). Three
logical disabilities (such as blindness, deafness, severesubjects performed just within 1.5 SD in memory domains
movement disorders or paralysis) which would have inter- but showed significant decline in the domains visuospatial
fered with the ability of the subject to complete neuropsy- function, verbal abilities/calculation and/or aphasia/apraxia.
chological tests or paraclinical examinations (such as com- The remaining subjects showed decline in both memory and
puted tomography, electroencephalography or magneticother cognitive functions.
resonance imaging). Of the subjects with a CDR-rating of 1, eight were
Subjects were randomly selected for either CT or MR diagnosed as having Alzheimer’s disease and a mild demen-
imaging with the exception of cases in which contraindica- tia severity according to ICD-10 research criteria. Two of
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Fig. 1. Example manual segmentation of the hippocampus. The manual outlining of hippocampal cross-sections is demonstrated, (A) shows the fi
cross-section which is placed in the posterior part of the hippocampal head, measurements were continued posteriorly in 5 sections at 3-rfBrH)tervals
area 5 is not shown in this example. (F) shows the lateral aspect of the hippocampus in one of our datasets. The levels of area measurements are indic

the subjects with CDR 1 received a diagnosis of mixed axes. Using these parameters, an affine transformation was
Alzheimer’s disease according to ICD-10 (atypical or mixed defined to rotate, translate and interpolate the brain dataset
form of AD). One subject had a history of stroke with to an isotropical voxel resolution of 1 mm.
temporary right-sided paralysis, but no focal neurological =~ Secondly, from the whole 3-D brain dataset the intracra-
signs could be found. In the other subject, a history of a nial (i.c.) compartments, gray matter, white matter, internal
stroke-like event was described (dizziness and muscleand external cisterns (cerebrospinal flaé#fdCSF compart-
weakness without paralysis). No focal signs or symptoms ments) were automatically determined using a boundary-
were present at presentation in our study. In both cases, theguided region-growing procedure [19]. The i.c. volume
course of the dementing illness was suggestive of Alzhei- (ICV) was defined as the sum of the brain volume (BV) and
mer’s disease. the CSF volume (CSFV). The corrected brain volume
Six of the 39 subjects were clinically judged to have a (KBV) was defined as [(BV/ICV)x100].
mild to moderate degree of depression (1 with CDR 0, 4  Thirdly, cross-sections of the hippocampus were seg-
with CDR 0.5, 1 with CDR 1). None had hallucinations or mented manually in the coronal plane on both sides. The
delusions. No other major psychiatric and/or neurological first slice of hippocampal measurements was determined by
illnesses were diagnosed in the sample. A description of moving posteriorily from the amygdala until the hippocam-
common medical illnesses and structural neuroimaging pal head could be clearly distinguished from the amygdala.

findings is given in Table 2. Hippocampal measures started behind the amygdala at the
slice in which the area of the hippocampal head appeared
2.2.2. Neuroanatomical imaging and analysis maximal and were continued posteriorily in 5 sections at

All subjects underwent an MRI scan of the brain within 3-mm intervals. The first cross-section measured was deter-
four months after the clinical assessment. For each subjectmined by visual estimation separately for each hemisphere.
a 3D T1-weighted high resolution MRI brain dataset was All hippocampal measures in this study were performed by
obtained on a Siemens Vision 1.5 T scanner using a 3Done rater (SA) who had been extensively trained by an
T1-weighted sequence (MPRAGE, TR 11.4 ms, TE 4.4 ms, experienced operator (FK).

128 slices, matrix 256< 256, voxel size 0.9< 0.9 X 1.5 An example manual segmentation of the hippocampus is
mm). shown in Fig. 1.

Collected datasets were analyzed within the BRIAN sys-  To evaluate the reproducibility of the measures, an inter-
tem [32] without knowing the cognitive state or other clin- rater experiment was carried out. The measurements were
ical data about the subjects. repeated in 5 cases by a second rater (AH). The mean

Firstly, datasets were aligned with the stereotactical co- differences (SD) between the two measurements were 3.5%
ordinate system [49] by identifying the crosspoint of the (3.7) for the right hippocampus and 2.4% (3.5) for the left
anterior and posterior commissure in the midsagittal plane hippocampus. The correlation coefficient between the two
and the angular misrotation along the body and the sagittalreadings was 0.99@P(< 0.01).
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Areas 1 to 6 were multiplied by slice thickness (3 mm), Table 1
summed on each side (HCV L*, resp. HcV R*) and Common medical diagnoses and neuroimaging findings

normalized by the i.c. volume to yield an estimate of the CDRO CDRO.S5 CDR1
volume of the hippocampus (HcV L, resp. HcV  R). N=17 N=12 N=10
The first two hippocampal slices measured correspond ynn History of/Treatment for
optimally to the posterior part of the hippocampal head (Fig. Arterial hypertension N 16 9 8
1). They were summed on both sides and normalized by the % 94 75 80
i.c. volume to yield a volume estimate of the hippocampal Diabetes meliitus . N4 3 3
head (HcHead L/R). Likewise, the remaining slices of the . % 24 25 30
. . Coronary heart disease N 1 4 3
hippocampus (area 3—6) were summed and normalized to % 6 33 30
give a volume estimate of the hippocampal body cerebrovascular disease N 2 3 2
(HcBo L/R). The total hippocampal volume estimate was % 12 25 20
calculated by summing left and right hippocampal volume MR evidence of
: Deep white matter hyperintensities N 12 8 9
estimates.
. o % 71 67 90
The study was approved by the local Ethics Commission. peyyentricular hyperintensities N 17 12 10
All subjects gave informed consent to participate in this % 100 100 100
study. Dilated perivascular spaces N 16 8 9
% 94 67 90
P ; Lacunar infarcts N 6 5 3
2.3. Statistical analysis % 35 42 20

The data were analyzed by SPSS package for Windows
(Vers. 7.5.2). ) ]
ANOVA with LSD post-hoc analysis was used to com- greater than the.left (11 of 17 in CDR O.; 9 of_12 in CDR
pare the means over the study groups. Volumes normalized0-5; and 4 of 10 in CDR 1). The mean right hippocampal
for the i.c. volume were used in all statistical analyses. The Volume estimates tended to be greater than the left in all
level of statistical significance of differencesfis< 0.05. A~ 9roups. These left-right differences were significant in
discriminant analysis in which MRI measures were entered thé CDR 0 and CDR 0.5 groups (pairadtest, P <
as independent variables was run in order to determine the0-0005), but not in the CDR 1 grou@ (= 0.9) (Table 5
structural measure most responsible for the discrimination Fig- 2). When the direction of the lateralization was
of the three CDR groups. In the first discriminant function, accounted for, the largest hippocampal left-right asym-
all structural measures in which either CDR 0 and CDR 0.5 Metries were found in the CDR 0.5 group (in favor of the
groups and/or CDR 0.5 and CDR 1 groups differed signif- right hippocampus), however these differences did not
icantly after LSD post-hoc analysis were entered. In a sec-
ond, hypothesis-driven approach, only left and right hip- Table 2
pocampal measures were entered. Differences between lefty,acteristics of the population
and right hippocampal volume measures were examined
using thet test for paired samples (two-tailed).

ANOVA CDRO CDRO0.5 CDR1

N 17 12 10
M:F 4:13 2:10 4:6
Age Mean 78.5 78.5 78.2
3. Results sD 31 95 30
_ _ o Range 75-85  75-82 75-83
Table 1summarizes the demographic characteristics of vears of education Mean 11.4 10.5 10.7
the population. No group differences were present with SD 2.8 15 1.8
regard to age and years of education. Statistically significant Range . 8-17 712 8-15
between-group differences were found in both left and right MMSE g"ga” i 2f.§ 21517 222'5‘
hippocampal volume estimates, the totgl brain volume e_md Range (36_)26 (2'7224 (2'6)_19
the total CSF volume. The volume estimates of both hip- sjsco Mean 1 501 43.7 375
pocampal bodies differed significantly over all three groups. SD (2.8) (3.6) (4.6)
The volumes of the right hippocampal head differed only Range 55-45  49-39 44-30

between CDR 0.5 and 1, the volumes of the left hippocam-  anovA/LSD post-hoc significance: * (CDR 0 vs. CDR 0.5)(CDR
pal head differed between the CDR 0 and CDR 0.5 group. 0.5 vs CDR 1);"(CDR 0 vs. CDR 1)
With regard to CSF and total brain volumes, only CDR 0.5  SISCO = SIDAM-Score = Neuropsychological test battery of the
and CDR 1 differed significantly from each other. For the Structured hterview for the Dagnosis of A, Multi-infarct-Dementia and
. . dementia of other aetiologies (Zaudig, 1991)

ventricular volume, no group differences could be observed N number of subjects
(Tables 3 and ¥ M number of male subjects

In the majority of subjects, the right hippocampus was  F number of female subjects
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Table 3
Quantitative MR measures
Icv BV CSFV w Total HeV (R+L)
Total [cm3] Total [cm3] Normalized Total [cm3] Normalized Total [cm3] Normalized Total [cm3] Normalized
(SD) (Sb) [%] (SD) (SD) [%] (SD) (SD) [%] (SD) (SD) [%] (SD)
CDR O 1474.8 1065.1 72.2 (3.2) 409.7 27.8 40.2 2.7 3.7 0.25
(190.1) (129.8) 80.7 3.2) (19.2) (1.4) (0.5) (0.03)
CDR 0.5 1436.9 1054.1 73.4 (3.7) 382.8 26.6 36.7 2.6 3.2 0.22
(155.8) (109.9) 75.38 (3.7) (12.2) (0.8) (0.4) (0.02)
CDR 1 1414.3 968.5 68.5 (5.5) 445.8 315 52.1 3.7 2.6 0.18
(164.9) (97.4) 114.6 (5.5) (22.5) (1.4) (0.4) (0.02)
1 T Ns T Ns Ns *T 9 * T

ANOVA/LSD Ns

ANOVA/LSD post-hoc significance: * (CDR 0 vs. CDR 0.8)(CDR 0.5 vs. CDR 1) (CDR 0 vs. CDR 1), ns= non significant BV total brain volume,
CSFV cerebrospinal fluid volume, VV ventricular volume, HcV hippocampal volume estimate, Total HcV total hippocampal volume estimategtie)t
Normalized volumes= total volume/ICV*100.

reach the level of statistical significance (ANOVA, were entered, i.e. CSFV, BV, and the total hippocampal
F(2,36)= 0.4,P = 0.6) (Table 5. In contrast, the total  volume. This resulted in two significant canonical dis-
hippocampal asymmetry (favoring neither hemisphere) criminant functions (Wilks-Lamba 0.379 < 0.0005)
was largest in the CDR 1 group (16% as compared to which led to a correct classification of 74% of all sub-
6.1% and 6.6% in CDR 0 and CDR 0.5 respectively). The jects. The total hippocampal volume correlated most
magnitude of non-directional asymmetry separated the highly with the group classification. When, in the same
CDR 1 group significantly from CDR 0.5 and CDR 0 procedure, the total hippocampal volume was replaced by
(ANOVA, F(2,36) = 6.2,P = 0.005). left and right hippocampal volumes, the left hippocampus

Al hippocampal parameters reduced with advancing a5 the variable which most highly correlated with the
CDR stages. The left hippocampus of subjects with a CDR discriminant function

0.5 was on average 14.3% smaller than in subjects with
CDR 0, in subjects with mild dementia it was 28.1% smaller
relative to CDR 0. In the CDR 1 group, the volume reduc-
tion was greatest in measures of the right hippocampal body
(HcBo R) when compared with CDR 0. In the CDR 0.5

group, the left hippocampal body showed the greatest vol- ) )
ume reduction Table §. were produced (Wilks-lamda 0.4, < 0.0005) which re-

All structural parameters were entered into a partial cor- sulted in a correct classification of 76.9% of all subjects.
relation matrix, which was controlled for age and gender. The volume of the left hippocampal body correlated most

lated most highly with the CDR rating (correlation coeffi- hippocampal body and the left hippocampal head, indicat-
cient 0.71,P < 0.0005). ing that left-sided measures seem to be superior to right-

In the first discriminant function analysis, all MRl sided measures and that measures of the posterior part of the
measures that differed significantly between the groups hippocampus (hippocampal body) seem to be superior to

To define the hippocampal subsection which is most
responsible for group discrimination, the volume estimates
of hippocampal head and body of both sides were entered
into another discriminant function analysis. With this pro-
cedure, two significant canonical discriminant functions

Table 4
Normalized hippocampal measures
ANOVA CDR 0* CDR 0.5 CDR ¥

Hippocampal volume estimate

(head+ body)
Left * 11 0.124 (0.016) 0.106 (0.013) 0.089 (0.014)
Right *t 0.128 (0.020) 0.114 (0.012) 0.095 (0.019)
Hippocampal head
Left T 0.059 (0.010) 0.051 (0.007) 0.044 (0.008)
Right l 0.062 (0.013) 0.056 (0.008) 0.046 (0.008)
Hippocampal body
Left * 11 0.065 (0.008) 0.056 (0.007) 0.045 (0.008)
Right *t 0.067 (0.009) 0.058 (0.006) 0.049 (0.013)

* ANOVA/LSD post-hoc significance: * (CDR vs. CDR 0.5)CDR 0 vs. CDR 1), (CDR 0 vs. CDR 1), 8 0.05.
All measures are relative volumes (total volume/ICV*100).
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Table 5 Table 6
Amount that right hippocampal measures are greater than left Mean hippocampal volume reduction relative to subjects with CDR 0

AL/R% (sd)f % Difference as compared to CDR 0

CDR O CDR 0.5 CDR 1 CDR 0.5 CDR 1

Left: Right Left: Right
HeV 2.5% (7.3)** 6.5% (4.8)** 3.2% (21.0)
HcHead 3.5% (11.9)** 9.9% (6.6)** 3.2%(23.3)  HcV -14.3-11.3 —28.1-25.9
HcBo 1.7% (9.4)** 3.3% (9.8)* —0.4% (22.3) HcHead —13.9-8.9 —25.4-24.9
B B - HcBo —-17.7-16.7 —23.6-30.9
T AL/R% = 100* (Right normalized volume—Left normalized volume)/

(right normalized volume). Positive values indicate a smaller left hip-
pocampus
p < 0.05; **p < 0.0005 (paired t-test, left vs. right) presentation in our study. When one of them re-visited our

HcV hippocampal volume, HcHead hippocampal head, HcBo hippocampal memory clinic six months later. she appeared disoriented

body. . e . :

o and had noticeable difficulties in managing her medical
appointments, hence she certainly met the ICD-10 criteria

measures of the hippocampal head in discriminating the for mild dementia.
three groups.

In this discriminant function 82.4%, 75% and 70% of the
subjects with CDR 0, CDR 0.5 and CDR 1 respectively 4. Discussion
were classified correctly. Of the subjects with CDR 0, three
were misclassified as CDR 0.5. Of the subjects with CDR  In this study involving a well characterized sample of
0.5, two were misclassified as demented and one was mis-elderly community-dwelling subjects with a continuous
classified as CDR 0. Of the mildly demented subjects, two range of cognitive functions, we demonstrated that MRI
were misclassified as CDR 0.5, one as CDR 0. Both subjectsvolumetric measures of the hippocampus are sensitive in
with CDR 0.5 misclassified as demented had severe isolateddiscriminating subjects with questionable dementia from
memory impairment without evidence of decline in other subjects with normal cognition and mild dementia respec-
cognitive areas and intact activities of daily living at their tively.

*1072
18

16 «

14

12 4

10 4

Relative volume
[e¢]

6 I:l Right hippocampus
N= 17 17 12 12 10 10
CDRO CDR 0.5 CDR 1

CDR

Fig. 2. Left and right hippocampal volume estimates in CDR 0, CDR 0.5 and CDR 1. Boxplots: Upper and lower end of boxes indicate upper and lowe
guartile, the line within the box represents the medianmepresent outliers (points more than 1.5 times the interquartile range).
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Of the hippocampal parameters, the left hippocampus cognitive decline and dementia development which have
seemed to be more responsible for group discrimination been suggested by neuropathological [8,16] and previous
than the right. Furthermore, measures of the more regular-MRI studies [11,29,51] might hamper the discriminative
shaped posterior part of the hippocampus discriminated thepower in analyses that include both MCI and demented
groups better than measures of the anterior part of thesubjects. We do not know to which extent cerebrovascular
hippocampus (hippocampal head). and non-specific morbidity factors may have influenced the

The results will be discussed with special regard to 1) the cognitive state and/or volumetric measures in our subjects.
discriminative power of hippocampal measures, 2) the pos- Even though such factors did not feature as exclusion cri-
sible significance of hippocampal asymmetry in mild cog- teria in our study, hippocampal measures were able to dis-

nitive impairment and Alzheimer's disease. criminate the CDR groups. This demonstrates the robust-
ness of the hippocampal volume as a correlate of global
4.1. Discriminative power of hippocampal measures cognitive performance and memory.

Regarding the subjects with MCI, the crucial factor from
Compared to subjects with normal cognition, we found a clinical point of view is not necessarily that of an accurate
significant in-vivo hippocampal volume reductions of 14% cross-sectional classification, but more so the question
vs. 11% (left vs. right) for the questionably demented and of whether those subjects at highest risk for further cognitive
28% vs. 26% (left vs. right) for the mildly demented group. decline can be identified by hippocampal measures and
In a discriminant function analysis, 82%, 75% and 70% of furthermore how accurate such a prediction is in compari-
our normal, questionably and mildly demented subjects son to neuropsychological, electrophysiological and func-
were correctly classified based on four hippocampal mea-tional neuroimaging measures. In our study, the prognostic
sures. value of hippocampal volume measures is indicated by the
Our results add evidence to the consistent disclosure offact that two subjects with MCI who had been classified as
hippocampal atrophy in Alzheimer’s disease, which seems demented by our discriminant function analysis suffered
to be present even in the early stages of the illness [13,26,from severe isolated memory impairment, a condition
30,34,36,51]. which is known to show a very high rate of progression to
Few studies exist with a comparable design and specialdementia [7,35].
focus on MCI [10,11,51]. Convit et al. reported that elderly
subjects with MCI defined by a GDS score of 3 could be 4.2. Possible significance of hippocampal asymmetry in
distinguished from normal controls and demented subjects MCI and AD
cross-sectionally [11]. The results of this study compare
with our findings with regard to the amount of hippocampal A number of findings in our study point toward an
volume reductions in MCI and mild dementia. Comparable asymmetrical hemispheric involvement of hippocampal
to our study, a 74% overall correct classification of their structures in questionable dementia and AD. Our discrimi-
normal and mildly impaired subjects was reported based onnant analysis suggested that the left hippocampus might be
a hierarchical logistic regression analysis. Contrary to our more responsible for group discrimination than the right.
results, in another study involving a population-based sam- This finding implies that the left hippocampus might be
ple, hippocampal measures did not separate subjects withpreferentially involved in the development of MCI and AD.
minimal dementia as defined by the Cambridge Mental On the other hand, the better correlation of left hemispheric
Disorders of the Elderly Examination (CAMDEX) from measures with clinical classification could be due to the fact
normal controls and subjects with mild dementia respec- that the specific functions processed by the left hippocam-
tively [51]. In the latter study subjects with minimal demen- pus are clinically and neuropsychologically more easily
tia were in the MMSE range of our mildly demented sub- detectable (verbal memory). We found significantly smaller
jects. Two studies involving subjects with age-associated left hippocampi as compared to right only in our normal and
memory impairment; a milder form of memory impairment questionably demented group. We think that this finding
in the elderly than MCI [4]; failed to demonstrate hip- most likely reflects the physiological hemispheric asymme-
pocampal volume differences relative to normal controls try of the human hippocampus which has been consistently
[35,48]. demonstrated in a large number of studies involving healthy
Following a study involving patients with mild dementia, subjects of all age groups [5,17,20,21,27,43,48,50,54].
Laakso et al. [34] reported 92% accuracy of hippocampal  Our study lacks the statistical power to prove whether or
volume measures in the discrimination of AD patients from not the increased left-right asymmetry of the hippocampus
nondemented elderly subjects. The lower accuracy in ourin subjects with questionable dementia could be due to a
study is most likely due to the relatively close and contin- preferential atrophy (shrinkage) of the left hippocampus in
uous range of cognitive functions in our subjects which MCI and/or early AD. Previous studies on a possible early
makes a cross-sectional discrimination more difficult. Fur- asymmetrical involvement in AD with a hemispheric direc-
thermore, the differential involvement of hippocampal, tem- tion are inconsistent [15,29-31,33,36,47,51]. In a prospec-
poral lobe and other brain structures in the process of tive study of seven at-risk members of a familial AD ped-
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