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Abstract—Background: Neurofibrillary tangles seen early in Alzheimer disease (AD) initially appear in a subregion of
the perirhinal cortex. In the monkey, damage to the perirhinal cortex impairs performance on visual recognition memory
tasks. The authors evaluated impairment of visual recognition memory as a potential early diagnostic marker of AD.
Methods: The authors developed a visual delayed matching-to-sample task (DMS48) designed to assess visual recognition
memory in humans. Twenty-three patients fulfilling the criteria of amnestic mild cognitive impairment (MCI) (mean
Mini-Mental State Examination [MMSE]: 26.6, SD ⫽ 1.6) were recruited. All underwent a full neuropsychological
evaluation, which included the Free and Cued Selective Reminding (FCSR) test. Their performance was compared with
that of 10 patients with mild AD, 20 patients with moderate AD, 20 patients with Parkinson disease (PD), and 40
age-matched controls. Results: Control subjects and patients with PD performed close to ceiling. Patients with mild AD
had very low scores, while patients with moderate AD answered at random. MCI patients obtained scores that were
between those of control subjects and patients with mild AD (78%, SD ⫽ 16%). MCI patients who failed on the DMS48 had
lower scores on free recall (p ⬍ 0.05) and received less benefit from cueing (p ⬍ 0.01) on the FCSR than the other MCI,
suggesting a profile of genuine memory impairment related to medial temporal lobe lesions. Conclusion: The DMS48, a
test of visual recognition memory, is impaired early in the course of patients with MCI. Further studies are necessary to
determine whether the evaluation of visual recognition memory may contribute to the identification of patients with AD.
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The major neuropathologic hallmarks of Alzheimer
disease (AD) consist of neuritic plaques and neurofibrillary tangles (NFT). Although the neuropathologic
criteria that remain in use for the diagnosis of AD
are based on the distribution of neuritic plaques,1,2
clinical symptoms have been shown to correlate with
the distribution of NFT.3,4 NFT initially develop in a
subregion of the perirhinal cortex known to correspond to Brodmann area 35, located on the medial
wall of the collateral sulcus.5,6 In a second stage,
NFT spread medially to the entorhinal cortex before
reaching the hippocampal formation.4,5 NFT then
progress to other regions of the brain while their
number in Brodmann area 35 increases. This hierarchical model appears to reflect NFT progression in
most cases.7,8
Several studies in monkeys have shown that lesions of the perirhinal cortex result in severely impaired performance on visual recognition memory
tasks,9,10 while hippocampal damage does not impair
performance at all11 or only leads to mild deficits.10
The crucial role of the perirhinal cortex in visual
recognition memory is also compatible with data collected in human case studies.12-14
The fact that NFT first appear in the perirhinal
cortex in AD in conjunction with the role of this
structure in visual recognition memory led us to hy-

pothesize that subjects with incipient AD would
show impaired performance on visual recognition
memory tasks. Testing recognition memory could
thus prove to be useful in early detection of AD. In
order to test this hypothesis, we studied the performance of three groups of patients on such a task:
patients with amnestic mild cognitive impairment
(MCI), who are patients at high risk for AD, and
patients with mild and moderate probable AD. The
performance of these groups was compared with that
of patients with Parkinson disease (PD) and agematched control subjects.
Methods. Description of the visual recognition memory task
(DMS48). The DMS48 is based on the classic delayed matchingto-sample task used in nonhuman primates, in which monkeys
have to choose between a target and a distractor during recognition. In the DMS48, stimuli consist of colored drawings divided
into three types of items (figure 1): 1) abstract items—targets and
distractors are abstract patterns that cannot be verbalized; 2)
paired items—targets and distractors are concrete objects belonging to the same semantic category and with similar shape, color,
and name to prevent the use of verbal strategies; and 3) unique
items—targets and distractors are dissimilar concrete objects.
During the encoding phase, all subjects were asked to consecutively look at 48 pictures and to say whether each contained more
or less than three colors. This was followed by a 2-minute verbal
fluency interfering task. Then, a recognition task was completed
with a first set of 48 distractors (Set 1). Each target was shown
simultaneously with a distractor, presented in equal proportion on
either the left or the right side of the sheet, and the subject was
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Figure 1. Examples of stimuli used in the DMS48 (in
color in the original format).
asked to identify the target, if necessary using forced-choice recognition. Without prior warning, a second recognition task was conducted 1 hour later with a different set of distractors (Set 2). Half
of the targets were displaced from the left to the right side of the
sheet between Set 1 and 2. In this study, most results are discussed in reference to Set 2, as we were mainly interested in
studying delayed recognition.
Each subject’s performance was expressed as a percentage of
correct answers (level of chance: 50%, recognition of all targets:
100%). Time of completion of the whole test (encoding phase, Set 1
and 2) was also recorded.
Free and Cued Selective Reminding test (FCSR). We used the
FCSR as the reference test to evaluate memory. This verbal memory test has been extensively used in the neuropsychological assessment of elderly patients and has been shown to be extremely
useful in detecting subjects at high risk to evolve toward
dementia.15-18 In the FCSR, encoding is controlled for by asking the
subject to identify each of the words to be remembered by pointing
and reading aloud in response to its semantic category (the Amer-

ican FCSR version uses pictures of objects during the initial encoding phase,15 while the French version19 is purely verbal). All 16
words have to be retrieved at immediate cued recall before memory assessment begins. Recall is first assessed through free recall,
then through cued recall for the missing words. This procedure is
repeated three times in order to give the subject the opportunity
to improve performance20 and provides two main scores: free and
total (free ⫹ cued) recall. The FCSR has been shown to discriminate an apparent memory impairment (subjects impaired on free
recall but benefiting from repetition and cueing to normalize their
performance) from a genuine memory impairment (subjects incapable of improving their performance although words are repeated
and cued).15 An apparent memory impairment is thought to be due
to the use of inefficient strategies or impaired attention and has
been related to dysfunction of the frontostriatal loop,15,17 whereas a
genuine memory impairment is considered as a true memory defect and has been related to impaired storage consecutive to medial temporal lobe lesions.17,20,21 In the present study, we calculated
an index of cueing efficiency in order to discriminate between
these two types of memory impairment; for example, cueing efficiency is 80% if 8 of 10 words that were not recalled are retrieved
after cueing.
Subjects. Forty control subjects, with no neurologic or psychiatric medical history, were included on a voluntary basis and after
informed consent. All subjects had Mini-Mental State Examination22 (MMSE) scores above or equal to 27. Their ages ranged from
60 to 79 years (mean ⫽ 69.7 ⫾ 5.6).
We included 23 patients meeting criteria for amnestic MCI.23
All patients were recruited from a memory clinic and underwent a
full examination by a neurologist as well as a neuropsychologist.
Activities of daily living were normal, as assessed through the
Instrumental Activities of Daily Living (IADL).24 All patients had
a memory impairment of insidious onset and underwent a CT
scan or MRI or EEG if necessary, as well as routine biologic
screening, thus excluding nondegenerative causes of memory impairment. All patients underwent standard neuropsychological assessment. In order to rule out visual perceptual problems that
could interact with DMS48 performance, all patients completed a
visual discrimination task,25 a naming task (line drawings of objects),26 and a task assessing executive functions using visual
stimuli (the matrices subtest of the Wechsler Adult Intelligence
Scale–III27). Memory was assessed through the FCSR. Patients
were included into the MCI group if their FCSR score was at least
1.5 SD below the mean on free delayed recall. This cut-off score,
which allows including in the MCI population patients with very
mild memory impairment, was chosen as suggested.28 Patients with
a clear deficit in one or more cognitive domains other than memory
were excluded. Mean MMSE score of the MCI group was 26.6 ⫾ 1.6.
Mean age (t ⫽ ⫺0.7, p ⫽ 0.46) and level of education (t ⫽ 0.6,
p ⫽ 0.56) did not differ from those of control subjects (table 1).
We also included 30 patients meeting National Institute of
Neurological and Communicative Disorders and Stroke–Alzheimer’s Disease and Related Disorders Association29 criteria for
probable AD. Based on the severity of the disease, these patients
were divided in two groups. The mild AD group consisted of 10
patients with a mean MMSE score of 21.7 ⫾ 0.5 and the moderate
AD group of 20 patients with a mean MMSE score of 17.8 ⫾ 3.4.
Twenty patients with PD were also recruited. Their mean age (t ⫽
⫺0.8, p ⫽ 0.41), educational level (t ⫽ ⫺1.0, p ⫽ 0.30), and MMSE

Table 1 Study group characteristics
Population

n

Age, y

% Male

Education, y

MMSE

Controls

40

69.7 ⫾ 5.6

38

10.6 ⫾ 2.6

28.4 ⫾ 1.0

MCI

23

71.0 ⫾ 8.6

30

10.2 ⫾ 3.3

26.6 ⫾ 1.6

mildAD

10

74.6 ⫾ 5.8

33

8.6 ⫾ 1.8

21.7 ⫾ 0.5

modAD

20

77.1 ⫾ 5.7

45

7.6 ⫾ 1.6

17.8 ⫾ 3.4

PD

20

68.6 ⫾ 10.6

30

9.1 ⫾ 3.1

25.1 ⫾ 2.9

Values are presented as mean ⫾ SD.
MMSE ⫽ Mini-Mental State Examination; MCI ⫽ mild cognitive impairment; AD ⫽ Alzheimer disease; PD ⫽ Parkinson disease.
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Table 2 Results on the DMS48
Population

DMS48 Set 1

DMS48 Set 2

Controls

97 ⫾ 4

98 ⫾ 3

MCI

80 ⫾ 15

78 ⫾ 16

mildAD

65 ⫾ 17

62 ⫾ 14

modAD

53 ⫾ 7

53 ⫾ 4

PD

94 ⫾ 4

96 ⫾ 3

Values are mean % ⫾ SD.
MCI ⫽ mild cognitive impairment; AD ⫽ Alzheimer disease;
PD ⫽ Parkinson disease.
score (t ⫽ 1.9, p ⫽ 0.07) did not differ from those of the MCI
group.
Statistical analysis. Two-tailed Student t-tests were used for
between-group comparisons when there were 20 or more subjects
under the assumption of normal distribution (Shapiro-Wilks test
for the MCI population, p ⫽ 0.28). Nonparametric Mann-Whitney
U tests were used to compare the mild AD group (n ⫽ 10) with the
other groups and for within-group comparisons for the MCI. Level
of significance was set to p ⫽ 0.05. Influence of independent factors was assessed using univariate analysis of variance and linear
regression analysis. The dependent variable was performance to
Set 2 in most analyses.

Results. Results on the DMS48 for all groups for Set 1
and 2 are shown in table 2. Figure 2 shows the results for
Set 2 only. Control subjects performed at ceiling. The MCI
group’s performance was significantly lower than that of
control subjects (t ⫽ 7.8, p ⬍ 0.001). The mild AD group
performed worse than the MCI group (U ⫽ 47.5, p ⬍ 0.01),
while the moderate AD group performed even lower (U ⫽
54, p ⬍ 0.05), at the level of chance. Although the PD
group obtained lower results than controls (t ⫽ 2.8, p ⬍
0.01), they performed much better than the patients with
MCI (t ⫽ 4.9, p ⬍ 0.001).
Univariate analysis of variance revealed no effect of

Figure 3. Mean Free and Cued Selective Reminding test
cueing efficiency for the MCI patients with normal performance (above cut-off, n ⫽ 5) compared with those with impaired performance (below cut-off, n ⫽ 18) on the DMS48
(p ⬍ 0.01). Vertical lines show standard deviations.
age, educational level, or interaction between these factors
in the control group. A linear regression analysis was used
to evaluate the influence of the following independent variables on the DMS48 in the MCI group: FCSR total delayed
recall as an index of memory performance, MMSE score as
an index of general cognitive level, category fluency score
and matrices scaled-score as an index of the executive
functions. Only the FCSR was correlated with performance
on the DMS48 (t ⫽ 4.4, p ⬍ 0.01; partial correlation coefficient: rho ⫽ 0.78).
A wide dispersion of performance was observed in the
MCI group. Of the MCI patients, 78% (18/23) had impaired
scores (1.5 SD below the mean). Further analysis indicated
that 1) MCI patients impaired on the DMS48 had lower
delayed free recall scores on the FCSR than the other MCI
(U ⫽ 12, p ⬍ 0.05), 2) they also benefited significantly less
from cueing on the FSCR (U ⫽ 11.5, p ⬍ 0.01, figure 3),
3) four out of the five MCI patients who succeeded on
the DMS48 benefited from cueing to improve their total
(free ⫹ cued) recall on the FCSR to reach the level of
normal control subjects (the remaining MCI patient being
0.71 word below cut-off).
Table 3 shows the number of patients who succeeded
and failed on both the DMS48 and total FCSR. Overall,
83% of MCI patients fell into the same category on both
tests.
Table 3 Categorization of MCI patients according to the DMS48
and FCSR total (free ⫹ cued) recall
DMS48

Figure 2. Results on the DMS48 after a 1-hour delay (Set
2). The boxes show the limits of the 25th and 75th percentile; the line in the box shows the median; the bottom and
upper horizontal lines show the most extreme performance
of each group.

Total FCSR

Impaired

(free ⫹ cued)

Normal

Impaired

Normal

15

1

3

4

MCI ⫽ mild cognitive impairment; FCSR ⫽ Free and Cued Selective Reminding test.
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Average time to complete the task. Control subjects
completed the task in an average time of 10 minutes 32
seconds (SD ⫽ 3 minutes 2 seconds) for the three phases,
contrasting with an average 14 minutes 54 seconds (SD ⫽
5 minutes 32 seconds) for the MCI group.
Results by subgroup of stimuli. A within-group analysis showed that all patient groups as well as control subjects recognized the “unique” stimulus type significantly
better than the two other types of stimuli. Mean recognition compared to that of control subjects was however impaired for all types of stimuli in the MCI group as well as
in the mild AD and moderate AD groups (p ⬍ 0.001 for all
comparisons). Further analyses on mean Z-score for each
stimulus type in the MCI group indicated that the severity
of impairment for the “unique” stimulus type was equivalent to that of the “abstract” stimulus type (t ⫽ ⫺0.7, p ⫽
0.47).
Discriminant validity. A cut-off score of 1.5 SD below
the mean of control subjects for scores on delayed recognition correctly classified 92.5% of the control subjects, 85%
of the patients with PD, and 100% of the patients with
mild AD and probable AD.
Concurrent validity. As noted above, we found a
strong correlation between the DMS48 and the FCSR. In
order to evaluate their respective sensibility, we calculated
the mean Z-score of each test in the MCI group, but no
difference was found (paired-sample t-test, t ⫽ ⫺1.3, p ⫽
0.19).

Discussion. In the absence of an early diagnostic
marker for AD, the development of neuropsychological tests as possible indicators for patients at risk to
develop AD is a focus of intense research. We consequently developed a visual recognition memory task,
the DMS48. Normal subjects made an average of
only one single error over 48 trials to this task. Patients with amnestic MCI and two groups of patients
with probable AD of increasing severity underwent
the DMS48. All three groups were impaired when
compared with controls. Also, performance significantly worsened from one group to the other. This
contrasted with the performance of a group of patients with PD, who performed significantly better
than the MCI group (2 errors versus 11 for the MCI),
almost as well as control subjects.
All patients with probable AD and 78% of the MCI
patients were impaired on the DMS48. Based on
studies on visual recognition memory in the monkey,
this task was designed to detect medial temporal and
perirhinal dysfunction in particular, as it has been
shown to be the site of early damage in AD. According to this hypothesis, MCI patients who fail the
DMS48 are likely to have medial temporal lobe or
perirhinal dysfunction and may thus be at higher
risk to develop AD. Additional evidence to support
this hypothesis comes from the fact that they obtained significantly lower scores on free recall and
received less benefit from cueing on a verbal memory
task than MCI patients who succeeded on the
DMS48, thus suggesting a profile of genuine memory
impairment15 thought to be related to medial temporal lobe lesions.17 Interestingly, MCI patients did not
1320
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benefit from the “easy” condition of the test, which
required learning visual targets that could also be
verbalized and were different from distractors, suggesting a profound incapacity to store new information. Finally, a recent functional MRI study in mild
AD showed that these patients failed to activate medial temporal lobes, and notably the entorhinal cortex, a subhippocampal region medial to the
perirhinal cortex, while required to learn geometric
shapes.30
The DMS48 was compared to the FCSR, which
has been proven to be useful in identifying MCI patients who will ultimately evolve toward dementia.
Congruence between both tests was 83% of patients
classified in the same categories. Furthermore, we
found a high correlation between both tests and an
evaluation of concurrent validity did not find any
difference between them. These results suggest that
the DMS48 is as useful as the FCSR, with the major
difference being that it enables assessing visual, as
opposed to verbal, memory. Results also suggest that
MCI patients failing both tests should be considered
at very high risk to evolve toward probable AD.
Four MCI patients obtained normal results to the
DMS48 and normal result to the total FCSR (these
patients were impaired to free delayed recall [inclusion criteria] but normalized their performance with
cueing). They can thus be considered as having an
apparent memory impairment related to another
form of dysfunction than AD. Four patients were not
classified the same way by both tests (three were
impaired on the DMS48 and were normal on the
total FCSR, while one patient showed the reversed
pattern). Further analyses indicated that these patients were very mildly impaired on one test and
obtained low, albeit normal, score on the other. A
plausible hypothesis concerning these patients is
that they were assessed very early in the course of
the disease (below test sensibility threshold).
The performance on the DMS48 was not related to
the general cognitive level of the patient. Although
patients with PD had an average MMSE score that
was lower than that of the MCI patients, their performance on the DMS48 was much better. This result was confirmed by a linear regression analysis,
which showed that performance on the DMS48 was
not related to the global cognitive level or to executive functions. The DMS48 thus seems relatively independent from attentional/executive processes.
Our results are consistent with findings of other
studies using tasks that assess recognition memory
in patients with probable AD. In a study that used a
modified matching-to-sample task with intervening
stimuli, patients with AD performed consistently
lower than patients with PD and it was noted that
their “content” recognition abilities were low.31 The
recognition memory subtest of the Rey Auditory Verbal Learning Test was one of the two best neuropsychological predictors out of 10 to distinguish AD from
vascular dementia.32 Using the Doors and People
Test33 in a group of patients with early AD, it was

demonstrated that both recall and recognition processes were equally impaired.34 Another study evaluated word recall and recognition memory in a group
of AD patients 6 years before diagnosis.35 Performance in both domains was impaired and predicted
dementia in a logistic regression analysis, whereas
the digit span, for example, did not.
To our knowledge, recognition memory has rarely
been studied in patients with MCI. However, in one
of the pioneering studies on the concept of MCI,36
recognition memory was one of the four predictors of
decline in subjects with MCI, with a sensitivity of
85.7% and a specificity of 100%. These studies thus
suggest that recognition memory is impaired in AD,
probably early in the course of the disease. However,
recognition memory per se, assessed with an adequate test containing a sufficient number of items as
we did in this study, has never been the specific
focus of studies in AD. This might explain why these
findings on recognition memory have gone relatively
unnoticed.
The DMS48 has been extensively used in our
memory clinic and has proven to be helpful: it takes
little time, is easy to administer, and causes minimal
distress for the patient. The patient is always able to
provide an answer by choosing one of the pictures,
thus avoiding the stress that amnesic patients experience when asked to recall lists of words that they
have forgotten. Above all, in conjunction with the
FCSR, it provides a decisive evaluation of memory
status. The DMS48 provides evidence on the nature
of the memory impairment in a routine neuropsychological assessment and assesses visual memory
whereas most tests rely on verbal strategies.
In a broader perspective, evaluating visual rather
than verbal memory might be useful in crosscultural studies or in multicultural societies. Furthermore, the DMS48 consists of Set 1, administered
3 minutes after encoding, and Set 2, assessing delayed recognition 1 hour later. There was little quantitative difference between both sets, suggesting that
limiting the test to Set 1 for the purpose of clinical
trials could shorten the DMS48. A short form of the
test could thus be completed in about 10 minutes at
the most.
The main limitation of our study is that we were
not able to obtain results on the DMS48 in MCI
patients who later developed confirmed AD. We also
did not use complementary paraclinical data to provide further evidence of probable early AD within
the MCI group. Most of our conclusions are thus
based upon current knowledge about the neural basis of visual recognition memory and the early pathologic lesions of AD, along with the assessment of
visual recognition memory in subjects with potential
or probable degenerative processes. Further analysis, using longitudinal follow-up and other complementary paraclinical data, will be necessary to
determine the predictive value of the DMS48 in the
diagnosis of probable AD at an early stage of the
disease process.
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