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Atrophy in the Medial Temporal Lobe is Specifically
Associated With Encoding and Storage of Verbal
Information in MCI and Alzheimer Patients
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Abstract
Background: Alzheimer’s dementia (AD) is characterized by a
progressive decline in the encoding and storage of episodic memory. Word list learning tests can characterize different aspects of episodic memory. Medial temporal lobe atrophy (MTA) seems to be an
important anatomical feature of AD and its prodromal stage, mild
cognitive impairment (MCI). The aim of this study is to define the
relationships of the functional memory processes and MTA in patients with AD and MCI, while correcting for confounding factors.
Methods: MTA was evaluated with a visual assessment scale using the MRIs of 53 patients diagnosed with AD or MCI and 19
controls. Rey’s Auditory Verbal Learning Test was used to assess
the different aspects of memory processing, i.e., encoding, storage
and retrieval. Multiple regression analysis was used to investigate
the association of MTA with these different memory processes. In
addition to general factors such as age, education and sex, white
matter lesions, cortical and subcortical atrophy were evaluated for
being confounders.
Results: MTA was significantly associated with encoding (corrected beta = -0.45, sd = 0.11, P < 0.01), and storage (beta = -0.34,
sd = 0.12, P < 0.01), but not with retrieval (beta = -0.18, sd = 0.12,
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Conclusions: We can conclude that atrophy of the medial temporal
lobe is associated with a decline in encoding and storage of verbal
information in MCI and AD.
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Introduction
Alzheimer’s dementia (AD) is a syndrome that is characterized by a progressive decline in multiple cognitive functions.
Memory impairment is the key characteristic that is already
present in preclinical stages of the disease, often referred to
as amnestic mild cognitive impairment (MCI) [1]. Episodic
memory, that is the ability to acquire explicit information, is
affected most. In contrast, memory of events that occurred
earlier in life remains intact for a long time. This reflects
deficits in the processes encoding and storage, in contrast to
retrieval which is often preserved until late in the disease [2].
There is abundant evidence that the delayed recall score
of word-list learning tasks, such as Rey’s Auditory Verbal
Learning Test (RAVLT), is the best neuropsychological parameter for discriminating AD patients from healthy controls
[2]. This test can also be used to characterize the different
functional memory processes. Moreover, the tendency to favor “yes” or “no” responses during a recognition task, the
response bias, can be quantified [3]. Although patients with
AD may have a high rate of false alarms, reflecting a liberal
response bias, the value of response bias in the differential
diagnosis is not clear and data in MCI are lacking altogether.
With the growing availability of magnetic resonance imaging (MRI) in clinical practice, neuroanatomical characteristics of AD have also been investigated and are increasingly
used to support the diagnosis in AD. Atrophy of the medial
temporal lobe (MTL) is among the most distinctive neuroanatomical signs. Studies that have investigated the diagnostic value of volumetric and visual assessments of medial
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temporal lobe atrophy (MTA) have indeed proven that these
measurements can discern AD patients from normal controls
[4]. Next to MTA, general atrophy and white-matter pathology are often present in AD patients.
Although the notion that the MTL is important for memory formation is well established [5], it is less clear whether
the specific episodic memory impairment in AD and MCI
is directly linked with MTA. Previous studies have studied
this relationship and found an association between MTA
and memory decline [6, 7]. However, the influence of covariates such as education level or white-matter pathology
has not been taken into account. Furthermore, in these studies memory was considered a unitary function and separate
analyses of the different functional processes have not been
performed. Next to descriptive analysis of the different MRI
and RAVLT variables, including results on response bias, we
investigated the neuropsychological correlates of MTA in
both MCI and AD patients while correcting for white-matter
lesions (WMLs), as well as cortical and subcortical atrophy.
Our hypothesis is that storage and encoding specifically rely
on the MTL and therefore are inversely associated with MTA
in both AD and MCI patients. Retrieval, on the other hand,
will be less associated with the MTA score.

Materials and Methods
Data of 53 patients were collected from a database of the
memory clinic of Radboud University Nijmegen Medical Center for this cross-sectional retrospective study. For
patients with the diagnosis of possible or probable AD
(NINCDS-ARDRA [8]) or MCI [1], an available MRI scan
and an administered RAVLT were included. In addition, data
from 19 healthy volunteers who responded to a newspaper
advertisement were included. The diagnosis for each patient was made by multidisciplinary consensus. MR imaging examinations were performed using a 1.5 Tesla system
(Siemens) and a routine imaging protocol for dementia. All
MRI ratings were performed by one rater (MB), who was
blind to clinical data. 3D high-resolution T1 weighted coronal slices were used to score the MTA. T2 weighted, fluidattenuated inversion recovery (FLAIR) images were used to
assess WMLs, cortical and subcortical atrophy. Linear measurements of subcortical atrophy included the bifrontal ratio,
bicaudate ratio and the bioccipital ratio [9]. A measure of
cortical atrophy was obtained by dividing the width of the
Sylvian fissure by the maximal brain width [9]. White-matter
abnormalities were scored according to the scale proposed
by Wahlund [10]. The visual rating scale proposed by Scheltens was used to assess MTA [11]. This scale distinguishes
between 4 stages of atrophy, which are discerned based on
the width of the choroid fissure, width of the temporal horn
and height of the hippocampus. All participants performed a
brief neuropsychological screening including the Mini Men-

tal State Examination (MMSE) and the RAVLT [12]. During
the RAVLT, participants had to memorize a list of 15 words,
which is presented and tested repeatedly over five learning
trials. The participants were asked to recall the words after a
delay of 20 minutes (delayed recall), followed by a “yes/no”
recognition task of the words from the list intermixed with
15 distracter words. A discrimination index was calculated
from the recognition task using the signal detection theory
[3]. The C-index was selected to assess the response bias [3].
Linear regression models were used to evaluate the association between the MTA score (left and right averaged) and
the memory processes. Memory encoding was quantified
with the recall score after the first trial. The storage process
was defined as the ability to retain the information stored
after the fifth trial over the 20 minutes delay, and was quantified with the discrimination index from the recognition score
corrected for the words learned after the fifth trial. The delayed recall task is more dependent on the retrieval process
as the recognition task, therefore the retrieval process was
quantified with the difference between these two tasks. Age,
sex and education level were entered in the model as independent variables. WMLs, cortical and subcortical atrophy
were investigated for being confounders, and were entered
in the models if they were.

Results
Table 1 lists the results on the RAVLT and the MR findings
for the controls, AD and MCI patients. Uncorrected regression analysis showed a significant association between MTAscores and general cognitive function, as measured with the
MMSE (beta = -0.68, sd = 0.08, P < 0.01). After correction
for storage and encoding processes the association was considerably diminished (beta = -0.26, sd = 0.10, P = 0.01). With
inclusion of the remaining confounders (age, sex, education,
subcortical atrophy and WMLs of the left hemisphere) the
association remained roughly the same (beta = -0.24, sd =
0.11, P = 0.04). The raw association between the storage
process and MTA-scores was significant (beta = -0.26, sd =
0.10, P = 0.01). After correcting for confounders (age, sex,
education, cortical and subcortical atrophy, WMLs in the left
hemisphere), the association increased and remained significant (beta = -0.34, sd = 0.12, P < 0.01). The raw regression
analysis of the encoding process and MTA-scores showed
a significant association (beta = -0.54, sd = 0.09, P < 0.01).
With the addition of the confounding factors (cortical and
subcortical atrophy and WML’s in the pons) to the equation
the association remained significant (beta = -0.45, sd = 0.11,
P < 0.01). Univariate association of the retrieval process and
MTA-scores was small and not significant and remains that
way (beta = -0.18, sd = 0.12, P = 0.44) when corrected for
confounders (age, sex, education level, WMLs in the occipital lobe, cortical atrophy).
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Table 1. Results (Means ± SD or Percentage) on the Word-List Memory Task and MR Findings for the Controls,
MCI Patients and AD Patients
Controls

MCI patients

AD patients

N

21

19

34

Age

76.1 (3.8)

72.0 (6.8)

77.7 (5.8)

% Female

23.8%

52.6%

61.8%

Education level *

5.4 (1.3)

4.5 (1.6)

3.9 (1.9)

MMSE †

29.0 (1.3)

26.7 (2.4)

21.3 (3.5)

Trial 1

4.8 (1.3)

3.7 (1.2)

2.2 (1.3)

Trial 2

7.7 (2.3)

4.4 (1.3)

3.4 (1.8)

Trial 3

8.8 (4.5)

6.0 (1.5)

3.7 (1.9)

Trial 4

9.8 (2.6)

6.2 (1.4)

4.1 (2.2)

Trial 5

10.7 (2.4)

6.1 (2.2)

4.1 (1.5)

Delayed recall

8.7 (2.9)

2.7 (2.3)

0.6 (1.1)

Delayed recognition

28.1 (1.7)

24.9 (2.8)

20.3 (3.9)

Hits

14.0 (0.9)

12.8 (2.1)

10.9 (2.7)

Correct rejections

14.1 (1.4)

12.1 (2.4)

9.4 (4.1)

Misses

1.0 (0.9)

2.2 (2.1)

4.1 (2.7)

False alarms

0.9 (1.4)

2.9 (2.4)

5.6 (4.1)

Discrimination index §

2.9 (0.6)

2.0 (0.7)

1.1 (0.9)

Response bias C index ¶

0.07 (0.3)

-0.07 (0.4)

-0.14 (0.6)

MTA ** score

0.4 (0.6)

1.3 (0.8)

2.3 (0.8)

WML || total

3.8 (3.4)

3.4 (2.8)

4.8 (3.9)

Sylvian fissure ratio ††

0.09 (0.02)

0.08 (0.03)

0.09 (0.02)

Occipital ratio ‡‡

0.53 (0.03)

0.52 (0.04)

0.54 (0.04)

Frontal ratio §§

0.35 (0.04)

0.35 (0.04)

0.37 (0.05)

Caudal ratio ¶¶

0.16 (0.03)

0.17 (0.03)

0.18 (0.03)

RAVLT ‡

* Education level: ranges from 0 - 7, higher score indicates higher education [13]. † MMSE: mini mental state examination, ranges
from 0 - 30, higher scores are better. ‡ RAVLT: Rey’s auditory verbal learning test, trial 1 - trial 5/delayed recall score is the number
of words reproduced of the 15 words given. Recognition ranges from 0 - 30, a score of 15 is chance and 30 indicated complete recognition [12]. § Discrimination index: difference in standard deviation units between subjects’ hit rate and false alarm rate, higher
values mean better discrimination [3]. ¶ Response bias: Neutral response bias has a C value of 0, conservative bias produces
positive C values and liberal response bias results in negative values [3].
** MTA: medial temporal lobe atrophy, ranges from 0 - 4, lower scores indicate less atrophy. || WML: white matter lesions, ranges
from 0 - 40, lower scores indicate less white matter pathology [10]. †† Sylvian fissure ratio: width of the Sylvian fissure divided
by the maximal brain width [9]. ‡‡ Occipital ratio: maximal width of the occipital horn divided by the brain width along the same
line [9]. §§ Frontal ratio: distance between the tips of the frontal horns divided by the brain width along the same line. ¶¶ Caudal
ratio: minimal distance between the caudate indentations of the frontal horns divided by the brain width along the same line [9].
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Discussion
Although there is abundant evidence that the MTL is important for episodic memory formation [5], to date it was
unclear whether the specific episodic memory impairment in
patients with AD pathology is directly associated with MTA.
This study showed that, after taking covariates into account,
the decline in memory encoding and storage, which is the
neuropsychological hallmark of AD pathology, was most
strongly linked to MTA in AD and MCI patients. Initially,
the MMSE was also strongly associated with MTA, but the
association largely disappeared by correcting for the storage and encoding processes. Secondary, we found a trend
towards a more liberal response bias in AD patients as compared to controls and MCI patients, which is in accordance
with previous studies [14], but no significant between-group
differences were found because of great within-group differences.
The present study extends previous research in that we
included both MCI and AD patients and corrected for several
MRI parameters, which helped expose the specific association of MTA with encoding and storage of verbal information. Especially cortical atrophy proved to be a confounding factor in the investigation of the association of MTA
and cognitive functions. This is understandable as cortical
atrophy is associated with a wide range of cognitive deficits.
Future research should also correct for these MRI features.
In contrast with previous results that have used volumetric
measurements of the MTL, we used a visual rating scale.
Comparative studies have found good correlations between
these two techniques, and even suggest that the visual rating
scale is more accurate for the diagnosis of AD [15]. Moreover, it is a scale that is widely used in clinical practice.
We can conclude from this study that specifically encoding and storage impairments in AD and MCI patients
were directly associated with MTA. This further elucidates
the relationship between the neuro-anatomical and neuropsychological features of Alzheimer disease and offers extra
legitimacy for MTA measurements as a diagnostic tool for
AD pathology. In this study we confirmed that AD patients
tend to have a liberal response bias. To further broaden our
understanding of the disease mechanisms, it would be interesting to investigate the neuro-anatomical correlates of this
liberal response bias.
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