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Introduction

Alzheimer’s disease (AD) is the most common type of de-
mentia. The diagnosis of AD requires cognitive impair-
ment, including memory dysfunction that is severe
enough to interfere with activities of daily living [25].

Cognitive symptoms and brain abnormalities, however,
are present many years before a clinical diagnosis of AD
can be made. This preclinical phase of AD is the subject
of intensive investigation because earlier diagnosis of AD
may allow drug therapy to be started earlier, which may
improve the clinical response.

Abstract To determine whether the
medial temporal lobe is atrophic in
subjects with mild cognitive impair-
ment, and whether atrophy of this
structure is a better predictor of de-
mentia than memory dysfunction.
Forty-five noninstitutionalized sub-
jects aged 65–85 years were ran-
domly selected from a population
based study to obtain a sample with
Alzheimer’s disease (AD; n = 7), and
a clinically nondemented sample 
(n = 38). Twenty of the latter sub-
jects displayed some cognitive im-
pairment and fulfilled CAMDEX cri-
teria for “minimal dementia.” Coro-
nal T1-weighted magnetic resonance
imaging was used to visualize the
medial temporal lobe. The volume of
the parahippocampal gyrus and hip-
pocampus was measured, and medial
temporal lobe atrophy was assessed
qualitatively. The memory subscore
from the CAMCOG was used as a
measure of memory functioning. The
follow-up period was 3 years. Nine
subjects who were diagnosed as be-
ing minimally demented at baseline
met the criteria for AD during fol-
low-up. At baseline the volume of
the parahippocampal gyrus of these

subjects was smaller than that of the
other subjects with minimal demen-
tia. The memory score was the best
predictor of clinical outcome. All
medial temporal lobe measures in-
creased the accuracy of prediction
compared with only the memory
score, by reducing the number of
false-negative classifications of de-
mentia. Severe medial temporal lobe
atrophy is present even in some sub-
jects with mild cognitive impairment
and is an indicator of subsequent
AD. The absence of medial temporal
lobe atrophy, however, does not ex-
clude the development of dementia.
In the majority of subjects memory
impairment was a better predictor of
dementia than atrophy of the medial
temporal lobe. The combination of
the two increased predictive accu-
racy. Nondemented subjects with se-
vere atrophy of the medial temporal
lobe could be enrolled in drug trials
aimed at slowing the progression of
AD.
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The earliest neuropathological changes occur in the
medial temporal lobe [3], which includes the hippocam-
pus and parahippocampal gyrus. Atrophy of these struc-
tures can be detected by magnetic resonance imaging
(MRI) in an early stage of AD [4, 12, 15, 18, 19, 23, 26,
32, 33]. Because the medial temporal lobe plays an im-
portant role in the storage of new information [29, 35],
this atrophy may explain why memory dysfunction is an
early symptom of AD [27, 36]. Consistent with this, sub-
jects with memory impairment who do not meet the crite-
ria of dementia have an increased risk of subsequent AD
[2, 9, 24, 37]. In the same way atrophy of the hippocam-
pus or parahippocampal gyrus increases the risk for sub-
sequent AD in elderly nondemented individuals [5, 17],
and in asymptomatic individuals at risk for autosomal
dominant AD [11].

The present study investigated whether atrophy of the
medial temporal lobe is present in mildly impaired sub-
jects who later become demented. To obtain insight into
the relationship between memory function and medial
temporal lobe atrophy we compared the predictive value
for dementia of medial temporal lobe atrophy with that of
memory performance alone and the combination of the
two. We also investigated the correlation between brain
volumes at baseline and cognitive scores at baseline and
the decline in cognitive scores at follow-up. In this way
we investigated the relationship between medial temporal
lobe atrophy and cognitive decline as a continuous vari-
able rather than as a dichotomous one.

To exclude the possibility that medial temporal lobe at-
rophy is a reflection of generalized atrophy of the brain
we also measured the volume of the remaining part of the
temporal lobe. Further, to obtain reference values for cog-
nitive function and brain volumes in AD, we included
mildly to moderately demented AD patients. These sub-
jects did not take part in the follow-up study.

Materials and methods

Subjects

We examined participants in the Amsterdam Study of the Elderly
(AMSTEL), a two-stage population-based study of mental func-
tioning in noninstitutionalized persons aged 65–85 years living in
Amsterdam, The Netherlands [20, 34]. From the 4051 members of
the baseline cohort, 787 individuals, randomly selected by age 
(5-year strata, 65–69 to 80–84 years) and Mini-Mental State Ex-
amination score (MMSE) [10] (MMSE scores 21, 22–26, and 
> 27) were asked to participate in a 3-year follow-up study of cog-
nitive function. Of these, 511 individuals (65%) agreed to partici-
pate. For the neuroimaging study we randomly selected from the
subjects of the follow-up study a subsample with a range of cogni-
tive functions to include clinically normal individuals and mildly
to moderately demented individuals [21]. Of the 73 individuals
classified as suffering from minimal dementia (see below), 33 were
asked to participate and 28 (84%) agreed. As far as possible, a de-
mented individual and a normal individual from the same 5-year
age stratum and MMSE stratum were selected and asked to partic-
ipate: 19 (70%) of the 27 normal individuals agreed to participate

and 16 (76%) of the 21 demented individuals agreed. Thus, the
sample overrepresented the group with minimal dementia. Among
those with dementia severity there was no significant difference
between those agreeing to participate and those who did not with
respect to the CAMCOG score for global cognitive function and its
subscale measuring memory function. All subjects gave their in-
formed consent prior to inclusion in the neuroimaging study. Sub-
jects with a diagnosis of depression or dementia due to causes
other than AD were excluded (n = 9). Three of the resulting 
54 scans could not be used because of movement artifacts and six
because the scans had not been completely stored on magnetic
tape. Of the nine subjects with missing MRI, eight had minimal
dementia subjects and one had AD. Thus, the scans for 45 subjects
were available: 38 nondemented subjects at baseline (20 normal
subjects and 18 subjects with minimal dementia) and 7 demented
subjects at baseline.

Baseline assessment and clinical diagnosis

Each subject was assessed for dementia by means of an examination
conducted at home by a research nurse and a physician. The assess-
ment included a questionnaire, cognitive tests, and a clinical exami-
nation with the validated Dutch version of the CAMDEX protocol
[6, 30]. The cognitive section of the CAMDEX, the CAMCOG, in-
cludes sections for testing memory, praxis, calculation, language, at-
tention, concentration, abstract thinking, and orientation, and has a
maximum score of 107. An informant interview was administered to
the closest relative or caregiver. The diagnoses of dementia and AD
were made according to the DSM-IIIR [1], and NINCDS-ADRDA
criteria [25], respectively. The diagnosis of minimal dementia was
made when the DSM-IIIR criteria of dementia were not met, but
based on an overall clinical impression, there was limited and vari-
able impairment in cognitive and social functioning such as diffi-
culty with learning and recalling events, a tendency to misplace pos-
sessions, and minor errors in orientation. Similar entities are “ques-
tionable dementia” or a score of 0.5 on the clinical dementia rating
scale [14], and “mild cognitive impairment” or a score of 3 on the
global deterioration scale [28].

Cognitive measures

We used the CAMCOG total score, the memory subscore of the
CAMCOG, and the MMSE. To calculate the change in these
scores during follow-up we calculated the net change per year of
follow-up. Several subjects who developed AD during the study
dropped out before the third follow-up assessment; therefore we
calculated an adjusted decline score. This score was based on the
assumption that once AD was diagnosed at follow-up, the course
of cognitive decline would be the same as that in the AD subjects
at baseline. For example, in subjects with only a 1-year follow-up
we added the average decline among the AD patients at baseline
over 2 years and divided the total decline by three.

Follow-up

Subjects were reexamined annually for 3 years according to the
CAMDEX protocol in order to assess the clinical outcome (normal,
minimally demented, demented) and the changes in cognitive func-
tioning. Subjects who left the study before the third assessment but
after the diagnosis of AD was made were included in the analysis.

MRI acquisition and morphometric analyses

MRI was performed on a Teslacon II (Technicare, Solon, Ohio)
operating at 0.6 T, according to a standard protocol reported previ-
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ously [33]. For this study we used six T1-weighted (TR 300 ms,
TE 22 ms) coronal slices parallel to the brainstem axis and perpen-
dicular to the hippocampal axis, planned from a midsagittal scout
image. Slice thickness was 5 mm with an interslice gap of 1 mm
and an in-plane resolution of 0.8 × 1.0 mm.

We selected four consecutive slices of which the first and sec-
ond were made through the head of the hippocampus and the third
and the fourth through the body of the hippocampus (Fig.1). Vol-
umetry was carried out on a SUN workstation with software de-
veloped in-house. The hippocampus, parahippocampal gyrus, and
intracranial area, as a measure of the intracranial volume, were
outlined by hand. A seed function was used for the temporal lobe.
The volume of the hippocampus included the hippocampus proper,
dentate gyrus, alveus, and subicilum. On the first slice the hip-
pocampus was disconnected from the amygdala with a straight line
through the lowest point of the connection between these two
structures. The collateral sulcus was taken as the lateral border of
the parahippocampal gyrus. The temporal lobe was disconnected
from the rest of the brain at the temporal stem: a straight line was
drawn from the deepest point of the fissura circularis to the upper-
lateral border of the lateral ventricle. For the intracranial area the

outline of the inner table was followed. Below the temporal lobe
either the outer border of the temporal gyri or the tentorium cere-
bellum was followed, and from the medial part of the temporal
lobe a straight line was drawn to the bottom of the third ventricle.
The volumes of the hippocampus and parahippocampal gyrus were
substracted from the volume of the total temporal lobe to give the
volume of the lateral temporal lobe. The volumes of the left and
right sides were summed because the volumes of the two sides
were not statistically significantly different from each other. To
correct for individual differences in the volume of the intracranial
area the brain volumes were adjusted (see below) and these ad-
justed values were used for all analyses. All measurements were
carried out by one rater who was blinded to the subjects’ age, di-
agnosis, and sex. The average difference between the first and sec-
ond measurement of the brain structures on ten scans was –0.08 ±
0.29 cm3 for the parahippocampal gyrus, –0.07 ± 0.20 cm3 for the
hippocampus, 0.14 ± 1.1 cm3 for the lateral temporal lobe, and
–1.9 ± 1.4 cm3 for the intracranial area.

Medial temporal lobe atrophy was assessed visually by a neu-
rologist and radiologist in conference, who were blinded to the
subjects’ age, diagnosis, and sex. Scores ranged from 0 (no atro-
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Fig.1 The hippocampus
(green), the parahippocampus
gyrus (blue), and the lateral
part of the temporal lobe  (yel-
low), at the level of the body
of the hippocampus (a), 
and the head of the hippocam-
pus (b)

a

b



phy) to 4 (severe atrophy). The rating scale is based upon a visual
estimation of the volume of the medial temporal lobe, including
the hippocampus proper, dentate gyrus, subicilum, and parahip-
pocampal gyrus, and the volume of the surrounding CSF spaces, in
particular the temporal horn of the lateral ventricle and the choroid
fissure, on both sides. In cases of severe asymmetry the score of
the more affected side was used. Results of the visual method of
scoring are correlated well with linear and volumetric measure-
ments and have an high intrarater reliability (κ = 0.70) [31, 33, 38].

Statistical analysis

The data were analyzed using SPSS for Macintosh 4.0. Categorical
data were analyzed by the χ2 test. The χ2 test for trend was used to
analyze medial temporal lobe atrophy scores. Group comparisons
of continuous data listed in Table 1 were analyzed by using analy-
sis of variance and corrected for multiple testing according to Bon-
ferroni. Group comparisons of continuous data listed in Table 2
were analyzed by using the Mann-Whitney test. Linear regression
was used to correct the brain volumes for differences in intracra-
nial area, as described by Jack et al. [16]. Regression coefficients
for this correction were derived from the regression analysis of the
volume of the brain structures on the intracranial area of the non-
demented subjects with completed follow-up and no evidence of
cognitive decline. Logistic regression was used to assess the pre-
dictive value of memory score, parahippocampal gyrus, hippocam-
pus, medial temporal lobe atrophy score, and the combination of
memory score and the brain measures for clinical outcome at fol-
low-up (demented vs nondemented). This analysis was performed
with a combined sample of normal subjects and subjects with min-
imal dementia at baseline.

To assess whether the model improved after addition of one of
the brain measures to the memory score, the change in –2 log like-
lihood (–2LL) was tested. In the logistic regression analysis the
memory score was corrected for age and education. This correc-
tion was based on the linear regression of these variables on the
baseline memory score of a sample of 188 subjects from the AM-
STEL study without diagnosis of dementia after a 3-year follow-

up. The same method was used as for the correction of differences
in the volume of the intracranial area (see above). The correlation
between brain volume and cognitive score at baseline was calcu-
lated by linear regression with age and education as covariate, us-
ing data for the combined sample of normal subjects and mini-
mally demented subjects. The correlation between brain volumes
at baseline and change in cognitive scores during follow-up was
calculated by linear regression with age as covariate. Since nine
comparisons were made for the correlation between brain volumes
and baseline cognitive scores or rate of cognitive decline, we ad-
justed for multiple testing according to Bonferroni and considered
P values lower than 0.0056 as significant.

Results

Baseline characteristics

Table 1 lists the baseline characteristics of the normal sub-
jects, those with minimal dementia, and those with AD at
baseline. Demographic variables were comparable be-
tween the groups. As expected, cognitive impairment was
severe in the subjects with AD and mild in those with
minimal dementia. Brain structures were smaller in the
AD group than in the normal group, but this difference
was only statistically significant for the parahippocampal
gyrus. The volumes of the hippocampus and parahip-
pocampal gyrus in the minimal dementia group were be-
tween those of the normal subjects and those with AD.

Outcome at follow-up

Nine subjects were lost before the first follow-up assess-
ment and two between the second and the third because
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Table 1 Demographic charac-
teristics, cognitive scores and
brain volumes at baseline

*P < 0.05 vs normal group,
**P < 0.05 vs minimal demen-
tia group

Normal Minimal dementia AD
(n = 18) (n = 20) (n = 7)

Age (years) 76.8 ± 4.0 78.8 ± 4.8 79.6 ± 4.9

Sex (% male) 44% 30% 14%

Education (years) 8.2 ± 2.9 7.7 ± 2.1 7.1 ± 2.0

Memory score 22 ± 3.4 15 ± 5.2* 7 ± 3.8**

CAMCOG score 89.5 ± 8.4 74.8 ± 8.1* 59 ± 15.0**

MMSE score
Mean 27.1 ± 2.8 22.6 ± 2.0* 16.6 ± 6.0**
Range 22–30 19–27 8–25

Volume (cm3)
Hippocampus 4.73 ± 0.4 4.67 ± 0.5 4.25 ± 0.6
Parahippocampal gyrus 5.77 ± 0.6 5.5 ± 0.7 5.06 ± 0.3*
Lateral part temporal lobe 43.3 ± 3.6 42.4 ± 4.4 40.0 ± 2.0

Intracranial area 261 ± 22 253 ± 17 256 ± 17

Medial temporal lobe atrophy score
0 8 3 0*
1 9 10 3
2 0 7 3
3 1 0 1



of refusal (n = 7), inability to contact (n = 3), and death
(n = 1). Four of these were from the normal group and
had a statistical significantly lower CAMCOG total
score and a smaller parahippocampal gyrus volume than
the other normal subjects. One had severe medial tem-
poral lobe atrophy. This subject was diagnosed as being

minimally demented at the first and second follow-up
assessments but was then lost to follow-up. Seven sub-
jects from the minimal dementia group who dropped out
before the first assessment had baseline characteristics
similar to those of the other subjects with minimal de-
mentia.
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Table 2 Demographic characteristics, cognitive scores, and brain volumes at baseline according to outcome at follow-up

Normal: no demen- Minimal dementia at baseline AD at baseline P
tia at follow-up (group 3, n = 7)
(group 1, n = 14) No dementia AD at follow-up Group Group

at follow-up (group 2b, n = 9) 2a vs 2b 2b vs 3
(group 2a, n = 4)

Age (years) 76.1 ± 4.8 77.8 ± 7 79.2 ± 3.7 79.6 ± 4.9 0.88 0.71

Sex (% male) 50% 0% 33% 14% 0.21 0.38

Education (years) 8.9 ± 2.8 8.0 ± 2.3 7.1 ± 2.3 7.1 ± 2.0 0.41 0.95

Memory score 23.1 ± 1.8 18.3 ± 4.4 15.1 ± 5.1 7.0 ± 3.8 0.31 0.005

CAMCOG score 92.6 ± 4.3 73.5 ± 7.3 75.8 ± 7.6 59.0 ± 15.0 0.64 0.01

MMSE score
Mean 27.6 ± 2.3 21.0 ± 1.8 23.1 ± 1.2 16.6 ± 6.0 0.05 0.04
Range 22–30 19–23 21–27 8–25

Volume (cm3)
Hippocampus 4.83 ± 0.4 5.0 ± 0.6 4.45 ± 0.4 4.25 ± 0.6 0.09 0.27
Parahippocampal gyrus 5.92 ± 0.5 5.92 ± 0.4 5.2 ± 0.7 5.06 ± 0.3 0.04 0.67
Lateral part temporal lobe 43.2 ± 3.3 43.6 ± 6.2 42.3 ± 4.2 40.0 ± 2.0 0.76 0.49

Intracranial area 264 ± 21 244 ± 8 250 ± 20 256 ± 17 0.88 0.56

Medial temporal lobe atrophy score 0.24 0.39
0 6 1 0 0
1 8 2 5 3
2 0 1 4 3
3 0 0 0 1

Fig.2 Volume of parahip-
pocampal gyrus at baseline ac-
cording to clinical outcome



Nine of the 27 subjects who completed the follow-up
study met the criteria for AD. All of these were diagnosed
at baseline as being minimally demented. When com-
pared with the minimally demented subjects with com-
pleted follow-up and no dementia (n = 4), the demented
subjects had the same or better cognitive scores (MMSE),
whereas the parahippocampal gyrus was significantly
smaller and the hippocampus tended to be smaller (Table
2, Fig.2). Subjects who developed AD during follow-up
differed from those subjects AD at baseline only with re-
spect to the cognitive measures (Table 2). The minimally
demented subjects without dementia at follow-up contin-
ued to have cognitive impairment at follow-up.

Correlation between brain volumes and cognitive scores

None of the brain volumes were correlated with any of the
cognitive scores at baseline in the nondemented group.
The volume of the parahippocampal gyrus at baseline was
correlated with the change in the memory score (r = 0.53,
P = 0.004). When we corrected for the incomplete follow-
up, the volume of the parahippocampal gyrus at baseline
was correlated with the change in the CAMCOG score 
(r = 0.54, P = 0.003) and the change in the memory score
(r = 0.54, P = 0.002).

Prediction of AD

The results of the logistic regression analysis with clinical
outcome as dependent variable are summarized in Table
3. The volume of the hippocampus and the parahip-
pocampal gyrus and the medial temporal lobe atrophy
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Table 3 Logistic regression analyses of clinical outcome

Odds 95% CI Change in P: Change Correctly 
ratio –2LL –2LL classified

Model with single variable
Memory 0.68 0.50– 0.91 11.7 < 0.001 88%
Parahippocampal gyrus 0.26 0.08– 0.86 7.79 < 0.01 77%
Hippocampus 0.21 0.05– 0.99 5.30 0.02 69%
Lateral part temporal lobe 0.97 0.85– 1.11 0.15 0.70 65%
Medial temporal lobe atrophy score (MTL) 12.2 1.4 –105.6 9.5 < 0.01 77%

Model with two variables
Memory + parahippocampal gyrus 8.8 < 0.001 96%

Memory 0.64 0.44– 0.93
Parahippocampal gyrus 0.15 0.02– 0.98

Memory + hippocampus 4.2 0.05 92%
Memory 0.67 0.49– 0.94
Hippocampus 0.09 0.02– 1.29

Memory + lateral part temporal lobe 0.72 0.40 80%
Memory 0.67 0.49– 0.92
Lateral part temporal lobe 0.92 0.76– 1.12

Memory + Medial temporal lobe atrophy score 4.4 0.04 96%
Memory 0.70 0.51– 0.96
Medial temporal lobe atrophy score 8.72 0.76–101.5

Change in –2LL is for the models with a single variable the change from maximum –2LL, and for the models with two variables the
change from the model with only memory. Odds ratios are for one unit change in the independent variable

Fig.3 Relationship between memory score and volume of the
parahippocampal gyrus at baseline in subjects with AD at baseline,
with AD at follow-up and no AD at follow-up. Lines, best differ-
entiation of the three groups; open circle in middle part, the subject
misclassified as demented by logistic regression



score increased the accuracy of the model relative to that
with the memory score only. The increase was due to the
correct classification of subjects with dementia at follow-
up who had at baseline a small volume of the hippocam-
pus or parahippocampal gyrus or a high medial temporal
lobe atrophy score, while the memory score was within
normal limits. These subjects were false-negatively mis-
classified as nondemented in the model with only memory
score. The best model, which correctly classified most
subjects, was the combination of memory score with the
volume of the parahippocampal gyrus or the medial tem-
poral lobe atrophy score. Only one subject was misclassi-
fied as suffering from AD (see Fig.3).

Discussion

We demonstrated that the volume of the parahippocampal
gyrus is smaller in subjects with mild cognitive impair-
ment who developed AD within 3 years than in subjects
with mild cognitive impairment who do not develop AD.
Memory dysfunction is a much better predictor of AD
than the volumes of the hippocampus or the parahip-
pocampal gyrus or the medial temporal lobe atrophy
score. The combination of memory function and the vol-
umes of the hippocampus or the parahippocampal gyrus
or the medial temporal lobe atrophy score at baseline sig-
nificantly increased the accuracy of the prediction of the
clinical diagnosis of AD compared with that for each
measure alone. The increase in accuracy was due to cor-
rect classification of subjects who have severe atrophy of
the medial temporal lobe but little memory impairment at
baseline and who develop AD during follow-up.

The combination of memory function and the volume
of the parahippocampal gyrus was slightly superior to the
combination of memory function and the volume of the
hippocampus, but the small size of our study limits the in-
terpretation of this difference. The memory score plus the
medial temporal lobe atrophy score was equal to the com-
bination of memory score plus the volume of the parahip-
pocampus or hippocampus. This makes assessment of the
degree of medial temporal atrophy possible in clinical
practice because scoring medial temporal lobe atrophy is
an easy and reliable method.

Our finding that memory impairment is associated
with a higher risk of AD is consistent with the results of
other studies [2, 9, 24, 37], as is the association between
atrophy of the medial temporal lobe and preclinical AD
[5, 11, 17]. One study compared the combination of psy-
chometrics and a qualitative rating of perihippocampal
fluid volume in the prediction of AD in nondemented el-
derly subjects [5]. Qualitative rating of perihippocampal
fluid was found to be superior to the psychometric com-
pound score in predicting AD. The discrepancy between
these findings and our own may be the result of the psy-
chometric compound score used, which included non-

memory tests, or the different way of assessing medial
temporal lobe atrophy.

The volume of the lateral temporal lobe in the subjects
with a diagnosis of AD at follow-up was less reduced than
the volumes of the hippocampus and parahippocampal
gyrus, which is in agreement with other studies [3, 4, 17].
We found that the volumes of the hippocampus and the
parahippocampal gyrus in AD patients is only 10–12%
smaller than that of the normal subjects whereas other au-
thors report differences of 20–50% [4, 15, 18, 19, 23, 26].
One possible explanation for this difference is that the
data from a few normal subjects with severe atrophy and
some AD patients with normal volumes affected the over-
all difference in this small sample. In addition, our scan
protocol might not have been sensitive enough in detect-
ing differences in volumes of the hippocampus and
parahippocampal gyrus because we measured the volume
in only four slices. Another explanation is that our sub-
jects were older (mean age 78 years) than those in the
studies (mean 69–76 years), which may have decreased
the differences between the groups.

It should be noted that the mildly impaired subjects
without dementia continued to have cognitive impairment
and may eventually become demented. One may specu-
late that severe medial temporal lobe atrophy is associated
with faster cognitive decline. This is line with the finding
that a small volume of the parahippocampal gyrus (our
study) or hippocampus at baseline [13] is associated with
a decrease in cognitive scores during follow-up. Also the
educational level, which tended to be lower in mildly im-
paired subjects with dementia at follow-up than in the
mildly impaired subjects without dementia (7.1 vs 8.0 years),
may have influenced the rate of decline.

The limitations of this study are the small group size at
baseline and the high drop-out rate. The results should
therefore be interpreted with care and should be replicated
in larger samples. We cannot exclude the possibility that
at baseline several of our minimally demented subjects
would have been classified as being demented if other de-
mentia criteria had been used [8]. This lack of agreement
between dementia criteria, especially in the earliest
stages, is a major concern in dementia research and is an
incentive to develop new consensus criteria with special
interest for very mild dementia. The slice thickness of the
MRI may have introduced some measurement error,
which might explain why we found no significant differ-
ences between minimally demented and normal subjects
for all brain measures, and between AD patients and nor-
mal subjects for volumes of the hippocampus and lateral
part of the temporal lobe volumes despite there being very
significant differences in the cognitive scores. The fact
that the medial temporal lobe atrophy score did not differ
between the minimally demented subjects with and with-
out dementia at follow-up might be explained by the small
group size and the use of a χ2 test, which has a low power
to detect differences. Nonresponse occurred frequently. In

483



selecting subjects from the general population, nonre-
sponse was found to be associated with greater cognitive
impairment and poorer physical and mental health [22].
Normal subjects who were lost to follow-up had lower
CAMCOG scores and a smaller volume of the parahip-
pocampal gyrus at baseline. Thus, it seems likely that re-
fusal to participate was associated with a higher occur-
rence of cognitive impairment and probably AD.

In conclusion, our findings indicate that severe medial
temporal lobe atrophy is present in some subjects who
have mild cognitive impairments at baseline who subse-
quently develop dementia. The absence of medial tempo-

ral lobe atrophy, however, does not exclude the develop-
ment of dementia. In the majority of the subjects memory
impairment was a better predictor for dementia than atro-
phy of the medial temporal lobe, but the combination of
the two increased predictive accuracy. Nondemented sub-
jects with severe atrophy of the medial temporal lobe
could be enrolled in drug trials aimed at slowing the pro-
gression of AD.
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