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ABSTRACT

Objective: To compare the power of tests assessing different cognitive domains for the identifica-
tion of prodromal Alzheimer disease (AD) among patients with mild cognitive impairment (MCI).

Background: Given the early involvement of the medial temporal lobe, a precocious and specific
pattern of memory disorders might be expected for the identification of prodromal AD.

Methods: A total of 251 patients with MCI were tested at baseline by a standardized neuropsy-
chological battery, which included the Free and Cued Selective Recall Reminding Test (FCSRT) for
verbal episodic memory; the Benton Visual Retention Test for visual memory; the Deno 100 and
verbal fluency for language; a serial digit learning test and the double task of Baddeley for working
memory; Wechsler Adult Intelligence Scale (WAIS) similarities for conceptual elaboration; and the
Stroop test, the Trail Making test, and the WAIS digit symbol test for executive functions. The
patients were followed at 6-month intervals for up to 3 years in order to identify those who
converted to AD vs those who remained stable over time. Statistical analyses were based on
receiver operating characteristic curve and Cox proportional hazards models.

Results: A total of 59 subjects converted to AD dementia. The most sensitive and specific test for
diagnosis of prodromal AD was the FCSRT. Significant cutoff for the diagnosis was 17/48 for
free recall, 40/48 for total recall, and below 71% for index of sensitivity of cueing (% of efficacy
of semantic cues for retrieval).

Conclusions: The amnestic syndrome of the medial temporal type, defined by the Free and Cued
Selective Recall Reminding Test, is able to distinguish patients at an early stage of Alzheimer
disease from mild cognitive impairment non-converters. Neurology® 2007;69:1859–1867

GLOSSARY
AD � Alzheimer disease; AUC � area under the curve; CDR � Clinical Dementia Rating; DSM-III-R � Diagnostic and Statis-
tical Manual of Mental Disorders, 3rd ed., revised; FCSRT � Free and Cued Selective Recall Reminding Test; IADL � Instru-
mental Activities of Daily Living; MCI � mild cognitive impairment; MMSE � Mini-Mental State Examination; ROC � receiver
operating characteristic; WAIS � Wechsler Adult Intelligence Scale.

In light of current drug development aimed at slowing Alzheimer disease (AD) progres-
sion, diagnosing AD at its prodromal stage is particularly important. Today, prodromal
AD is integrated into the broad concept of mild cognitive impairment (MCI), a syndrome
associated with many causes.1,2 Recently, research has begun to focus on developing new
tools, such as neuroimaging and CSF biomarkers, that could increase the specificity of
the prodromal AD diagnosis.3-6

Screening tools used in memory clinics that serve the MCI population must fulfill
several requirements: they should detect the specific features of the disease, have a high
sensitivity and specificity for AD, and be reliable, reproducible, noninvasive, easy to
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Hôpital Salpêtrière, Paris, France.

Supported by INSERM U.610, Ministère de la Santé (PHRC, Principal Investigator: Bruno Dubois).
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perform, and low cost. Moreover, with re-
spect to therapy, screening tools must be
able to predict short term disease progres-
sion so as to identify patients who will de-
velop AD rapidly (i.e., patients who are in
an active progression of the disease).

Accordingly, the use of cognitive and
memory tests specific to AD may be effec-
tive. A specific memory profile has been re-
ported in AD that is characterized by a
diminished free recall ability that is only
marginally improved by cueing.7,8 Is this
amnestic syndrome of the medial temporal
type also present in incipient prodromal
AD? What is the specific importance of im-
paired episodic memory in cognitive do-
mains when identifying of prodromal AD?
The Pre-Al study was designed to answer
these questions and, accordingly, to pro-
vide cutoff scores for the diagnosis of pro-
dromal AD.

METHODS Subjects. Between March 2001 and June
2002, subjects with memory complaints and MCI were re-
cruited and followed up semiannually during 3 years. Sub-
jects came from memory clinics of 14 centers expert in the
field of AD and dementia across France (see Acknowledg-
ment). All subjects were living independently in the commu-
nity at the time of their baseline evaluation. Each subject
signed an informed consent form after the nature of the pro-
cedures had been fully explained. The study was approved
by the Ethics Committee of Salpêtrière Hospital and sup-
ported by the French Ministry of Health. Patients were en-
rolled on the basis of the following criteria: 1) a subjective
memory complaint screened through questionnaire on self-
perceived forgetfulness in daily activities or in recent events.9

The memory complaint questionnaire included two sections:
Section A provides information concerning spontaneous self
awareness of general memory functions, Section B provides
scores for specific aspects of memory in reference to a previ-
ous level of functioning; 2) an objective memory impairment
documented by at least one word missing at the three-word
recall of the Mini-Mental State Examination (MMSE),10 or a
score less than 29 on the Isaac-set test, or both11; 3) a preser-
vation of general cognitive functioning documented by an
MMSE score between 25/30 and 29/30; 4) a normal score or
only one item impaired at the first level in the four Instru-
mental Activities of Daily Living (IADL) (ability to use the
telephone, independence for transportation, self-
administration of medication, ability to handle finances),
which has been shown to be predictive of rapid conversion to
dementia in the PAQUID study12; and 5) the absence of the
Diagnostic and Statistical Manual of Mental Disorders, 3rd
ed., revised (DSM-III-R) criteria for dementia.13 Selection of
the tests used to define MCI was based on the results ob-
tained in the PAQUID study.14,15 Brain scan or MRI per-
formed within the last 6 months before inclusion was
required to exclude patients with focal lesions, including

brain tumor, subdural hematoma, stroke, and CNS infec-
tion. Patients with small subcortical lesions (less than 2 cm in
diameter) that were clinically and historically silent and pa-
tients with diffuse symmetric periventricular lucencies were
not excluded. Patients with depressive symptoms docu-
mented by a score of the Montgomery-Asberg Depression
Rating Scale16 � 20, and, more generally, patients with med-
ical conditions which could interfere with memory perfor-
mance or follow-up were excluded. Among the 279 patients
screened, 251 fulfilled the inclusion criteria and were
included.

Procedures. Patients were seen at 6-month intervals for 3
years and underwent the following standardized procedures.

Clinical and functional assessment. Baseline and
follow-up 6-month evaluation, performed by trained clini-
cians, included family history of dementia, record of medical
events (cardiovascular disease, hypertension, diabetes, dys-
lipidemia, and stroke), current treatment, and complete neu-
rologic examination including blood pressure after a 10-
minute rest. Activities of daily life were rated with the IADL
scale during an interview with the patient and a knowledge-
able collateral source (a spouse or a child).17 Memory com-
plaint was assessed by a specific questionnaire.9 Depression
was assessed by the MADRS and anxiety by the Goldberg
Scale.16,18 The Clinical Dementia Rating scale (CDR) was
completed at each visit during follow-up.19

During the follow-up, when conversion to dementia was
suspected and diagnosed in a given center, the diagnosis was
further reviewed by an Expert Committee composed of neu-
rologists (n � 3), neuropsychologists (n � 3), geriatricians
(n � 3), and psychiatrists (n � 3). They determined whether
clinical criteria for dementia were satisfied using DSM-III-R
criteria.13 Demented subjects were further classified using es-
tablished criteria for AD,20 vascular dementia, dementia with
Lewy bodies, and frontotemporal dementia.

Neuropsychological performance testing. In addition
to clinical and functional assessment every 6 months, all sub-
jects were tested at inclusion and annually by a standardized
neuropsychological battery. In cases of a suspected conver-
sion at any of the evaluations, the patient underwent an ad-
ditional neuropsychological evaluation 6 months later in
order to confirm the conversion. Cognitive tests were se-
lected to assess a broad range of cognitive abilities com-
monly affected by aging and AD. The battery took
approximately 90 minutes and included the Free and Cued
Selective Reminding Test (FCSRT) for verbal episodic mem-
ory,21 the Benton Visual Retention Test for visual memory,22

the DENO 100 and Verbal Fluency (letter S and category:
fruit in 2 minutes) for language,23 the Serial Digit Ordering
Test and Double Task of Baddeley for working memory,24,25

Wechsler Adult Intelligence Scale (WAIS) Similarities for
conceptual elaboration,26 the Stroop Test,27 and the Trail
Making test and WAIS Digit Symbol Test for executive
functions.26,28

The FCSRT was selected because it is based on a seman-
tic cueing that allowed us to control for an effective registra-
tion of the list of words and to facilitate the retrieval from
stored information. The FCSRTwas administered according
to the procedure described by Grober and Buschke.21 The 16
items to be learned were presented four at a time on succes-
sive cards. Items were represented in each quadrant by a
word (e.g., grapes) that goes with a unique category cue

1860 Neurology 69 November 6, 2007



(e.g., fruit). The subject was asked to name and point aloud
each item (e.g., grapes) after its cue (fruit) was aurally pre-
sented. After all four items were identified correctly, the card
was removed, and immediate cued recall of the four items
was tested by presenting the cues again in order to control
for encoding. Once immediate recall for a group of four
items was completed, the next set of four items was pre-
sented. This first phase of the test permits control of encod-
ing and provided a score called immediate recall. Then, the
memory phase was performed by three successive recall tri-
als, each preceded by 20 seconds of subjects counting back-
ward to obtain recall from long-term memory. Each recall
trial consisted of two parts. First, each subject had up to 2
minutes to freely recall as many items as possible. Next, an
aurally presented semantic category (“what was the name of
the fruit?”) was provided for those items that were not spon-
taneously retrieved by the patient. This provided a free recall
score and a total recall score, which was the sum of free and
cued recall. This memory phase provides three successive
free recall and total recall scores for a maximum of 16 � 3 �

48. To evaluate the efficacy of semantic cues to facilitate
retrieval from stored information, we defined an Index of
Sensitivity of Cueing, which was determined by the score of
(free recall � total recall)/(free recall � 48). After a 30-
minute delay, filled by other nonverbal tests, a delayed recall
was proposed to the patient with the same procedure of free
and cued recall, providing a delayed free recall and a total
delayed score with a maximal score of 16.

Statistical analysis. All statistical analyses were conducted
using SAS software version 8.2. The primary outcome of the
study was conversion to dementia of the Alzheimer type ac-
cording to the National Institute of Neurological and Commu-
nicative Disorders and Stroke–Alzheimer’s Disease and Related
Disorders Association criteria. The onset of AD was defined as
the date when the diagnosis was made. In order to compare
demographic, clinical, and neuropsychological data at baseline
between the converted MCI group and the stable MCI group,
we performed a logistic regression analysis controlling for age,
sex, and educational level.

Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the discriminating power of the
different neuropsychological tests and clinical characteristics
for conversion to dementia. The area under the curve (AUC)
was used as a measure of the overall performance of the
ROC curve (with a 95% CI). Moreover, it was determined
whether the AUC values were statistically different using a
nonparametric method for correlated samples (Delong’s
method). Finally, optimum cutoff points of neuropsycholog-
ical tests were calculated by selecting the point on the ROC
curve that maximized both sensitivity and specificity. We
first studied for each test the joint effect of adding age, sex,
or education (data not shown). Age was the only factor
which was important for this maximization and was there-
fore considered for the determination of the optimal cutoff
for each score in table 3. The joint effect of combining two
scores on this maximization was evaluated. Then, Kaplan-
Meyer curves were used to illustrate the differences in progres-
sion to AD between the two groups of patients below or under
the optimum cutpoint point of neuropsychological tests. We
used Cox proportional hazards models to estimate separately
the effects of the different neuropsychological factors on the
relative risk of conversion fromMCI to AD (relative risk is ex-
pressed with a 95% CI). Time of diagnosis was modeled using

age, sex, and level of education, as covariate along with
whether the subject scored at or below the cutoff defined in
ROCanalysis. ROC analysis was performed on thewhole sam-
ple and after exclusion of subjects with early withdrawal.

To provide sensitivity and specificity of the cutoff based
on a test normative approach, according to categorization of
aging, we further conducted analyses in two strata according
to median of age: younger than the age of 72 (111 patients
with 14 converted) or older than the age of 72 (106 patients
with 45 converted).

RESULTS At study entry, 251 patients (151 fe-
male/100 male) with a mean age of 72.0 years
(�5.4) were included. Education level was 10.8
� 4 years. Among these 251 patients, 28 with-
drew early from the study: 17 had no follow-up,
and 11 had only one visit at 6 months without
conversion to dementia. Because of uncertainty
about their cognitive status over time, these 28
patients with early withdrawal were excluded
from the ROC curve analysis. Of the remaining
223 subjects, 65 patients converted to dementia:
dementia of the Alzheimer type in 59 cases and
non-AD dementia in 6 cases. As AD was the
primary outcome of the study, these patients
with non-AD dementia were excluded from fur-
ther statistical analyses.

Among the MCI population at baseline, 48% of
the patients met the two cognitive criteria for inclu-
sion in terms of the MMSE word recall and IST; of
the remaining patients 39%met only theMMSE cri-
terion, and 12%met only the IST criterion; 87% of
patients had no IADL changes, and 13% had one
item impaired at the first level (table 1).

Among the AD cases (referred as MCI-AD
converters), 85% of patients (n � 50) converted

Table 1 Inclusion criteria of the MCI population
at baseline (n � 217)

% (n)

Memory complaint 100 (217)

Objective memory impairment

Impairment in both MMSE word recall* and IST 48 (104)

Impairment in IST 12.4 (27)

Impairment in MMSE word recall 39.6 (86)

IADL

No IADL change 87.1 (189)

Minor IADL change† 12.9 (28)

*At least on word missing at the three-word recall of the Mini-
Mental State Examination (MMSE).
†Only one item impaired at the first level in one of the four
IADL. The four items included ability to use telephone, inde-
pendence for transportation, self-administration of medica-
tion, and ability to handle finances.
MCI � mild cognitive impairment; IST � Isaac Set Test;
IADL � Instrumental Activities of Daily Living.
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to AD within the first 2 years (9 in the first 6
months, 14 in 1 year, 17 in 18 months, 10 in 2
years), 4 in 30 months, and 5 in the third year.

ROC curve analysis was thus performed in 217
patients (MCI-AD converters n � 59, conversion
rate of 27.2% (59/217); MCI-non AD n � 158).
Their mean follow-up was 31.0 � 10.5 months
(5.6 to 50.4).

Baseline characteristics. Baseline characteristics of
the cohort according to the outcome are shown in
table 2. We described demographic and neuropsy-
chological data at the initial visit in patients who
developed AD (MCI-AD converters, n � 59) and
those who did not (stable MCI, n � 158). At base-
line, the two groups differed in age (74.8 � 3.9
years and 70.7 � 5.4 years; p � 0.0001). There

was no difference in gender, education, or family
history of dementia (table E-1 on the Neurology®

Web site at www.neurology.org). No significant
differences were observed in anxiety and depres-
sion scores or in the memory complaint scale.
However, patients who did not develop dementia
had a slightly higher level of spontaneous mem-
ory than patients who developed AD (p � 0.053).
Medical history and comorbidity were similar in
both groups. No difference between systolic or di-
astolic arterial tension was noticed between the
two groups. Baseline psychometric performances
were significantly lower in MCI-AD converters
compared to MCI-non AD for all neuropsycho-
logical tests except for the WAIS Digit Symbol
Test and the Double Task of Baddeley.

Table 2 Baseline comparisons between MCI-AD converters and stable MCI

MCI–non AD
(n � 158)

MCI–AD
(n � 59)

Group comparison
(adjusted p value)

Age 70.9 � 5.4 74.8 � 4.1 �0.0001

Education (% Bachelor) 44.3 39.0 0.39

Sex ratio (% male) 39.9 45.8 0.61

Family history of dementia (%) 33.5 30.5 0.45

MMSE 27.7 � 1.3 26.9 � 1.2 �0.0001

Isaac Set Test 28.2 � 5.9 25.7 � 5.2 0.03

Goldberg scale 3.1 � 2.5 2.4 � 2.3 0.2

MADRS 6.9 � 4.6 6.6 � 5.3 0.9

Questioner of memory complaint 15.4 � 7.5 15.9 � 10 0.86

Subscore of spontaneous memory complaint 2.1 � 0.9 1.8 � 1 0.053

FCSRT free recall 25.2 � 6.2 13.6 � 5.9 �0.0001

FCSRT total recall (free and cued recall) 44.3 � 3.8 31.0 � 9.9 �0.0001

Intrusion (%) 57 13.6 �0.0001

Serial digit learning test 82.2 � 8.7 71.8 � 17.2 0.0002

WAIS digit symbol test 10.8 � 2.7 9.9 � 2.4 0.07

Trail Making test A 53.4 � 24.6 63.7 � 27 0.28

Trail Making test B 138.7 � 78.1 191.8 � 89 �0.009

Stroop test (inhibition condition) 29.4 � 9.1 25.0 � 9.3 0.14

Benton Visual Retention Test 11.9 � 1.9 10.8 � 2.2 0.002

Free delayed recall 9.6 � 3.0 3.7 � 2.7 �0.0001

Total delayed recall 15.1 � 1.7 10.3 � 4.2 �0.0001

False recognition � 1 (%) 6.3 39 �0.0001

WAIS similarities 12.7 � 3.4 10.6 � 3.9 �0.0001

Verbal fluency (letter S) 18.3 � 6.4 15.8 � 6.3 0.04

Verbal fluency (category) 17.0 � 4.5 12.7 � 3.7 �0.0001

DENO 100 89.7 � 7.1 84.1 � 10 0.0003

Double task of Baddeley 94.6 � 11.6 93.5 � 13.7 0.9

Tests are presented in order of their administration.
MCI-AD converters � patients with mild cognitive impairment (MCI) who converted to Alzheimer disease (AD) dementia during
the 3-year follow-up; stable MCI � patients with MCI who did not convert to AD during the 3-year follow-up; MMSE �

Mini-Mental State Examination; FCSRT � Free and Cued Selective Recall Reminding Test; WAIS � Wechsler Adult Intelli-
gence Scale.
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Determination of the optimal neuropsychological
cutoff for predicting AD dementia. A first ROC
curve analysis showed that only age changed the
statistical level, whereas sex and level of educa-
tion did not. Results are presented in table 3. The
ROC analysis provides information about the
more sensitive and specific neuropsychological
tools which can predict the development of AD
dementia. The FCSRT scores (total recall, index
of cuing free recall, free recall, delayed free recall,
delayed total recall, and number of intrusions) all
have the best areas under the curve with AUC val-
ues higher than 0.87. Then, only Verbal Fluency
(category), WAIS Similarities, and the Serial Digit
Learning Test add significant information to predict
the incidence of ADdementia (compared to amodel
with age only) with AUC between 0.77 and 0.80. All
other tests did not add significant information.

We further tried to increase accuracy by com-
bining different neuropsychological perfor-
mances. No combination significantly improved
the accuracy of the models presented in table 3.

The significant threshold of subscores of the
FCSRT for identifying MCI-AD converters at
baseline was 17/48 for free recall, 40/48 for total
recall, 6/16 for delayed free recall, 14/16 for total
delayed recall, and 71% for index of sensitivity of
cueing (table 3). Respective sensitivity and speci-
ficity are also presented in table 3. High sensitiv-
ity and specificity were provided by the different
FCSRT scores, total recall being the score with
the highest sensitivity (79.7%), with a specificity
of 89.9%. The highest specificity is for free recall
(91.8%), with sensitivity equal to 71.2%. In addi-
tion to the FCSRT scores were the Verbal Fluency
scores, but these values were far less sensitive and
specific than those of the FCSRT subscores (sensi-
tivity � 55.9%, specificity � 82.3%).

Relation between baseline neuropsychological per-
formance and risk of developing AD. The Kaplan-
Meier survival curves (figure) graphically show
the dramatic difference in the development of AD
dementia between the groups, according to the

Table 3 Receiver operating characteristic analysis: Demographic factors and neuropsychological tests
associated with incident AD dementia

AUC CI (AUC) p Value Cutoff Se Sp

Age 0.72 (0.65, 0.79)

Age � gender 0.72 (0.65, 0.79) 0.21

Age � education 0.72 (0.65, 0.79) 0.79

Age � gender � education 0.73 (0.66, 0.80) 0.49

FCSRT total recall* 0.94 (0.91, 0.97) �0.0001 40 79.7 89.9

FCSRT index of cueing* 0.93 (0.89, 0.96) �0.0001 71 78.0 84.8

FCSRT free recall* 0.92 (0.88, 0.96) �0.0001 17 71.2 91.8

FCSRT delayed free recall* 0.92 (0.89, 0.96) �0.0001 6 76.3 90.5

FCSFT delayed total recall* 0.89 (0.85, 0.94) �0.0001 14 69.5 88.6

FCSRT number of intrusions* 0.87 (0.81, 0.92) �0.0001 2 64.4 85.4

Verbal fluency (category)* 0.80 (0.74, 0.87) 0.003 13 55.9 82.3

WAIS similarities* 0.78 (0.72, 0.85) 0.04 11 49.2 72.2

FCSRT false recognition* 0.78 (0.71, 0.84) 0.002 1 20.3 98.1

Serial digit learning test* 0.77 (0.7, 0.84) 0.04 80 57.6 67.7

DENO 100* 0.76 (0.7, 0.83) 0.07 89 55.9 67.7

Benton Visual Retention Test* 0.76 (0.69, 0.83) 0.07 11 42.4 77.2

Trail Making test B* 0.75 (0.68, 0.82) 0.09 138 62.7 67.1

WAIS digit symbol test* 0.74 (0.67, 0.81) 0.15 10 37.3 71.5

Stroop test (inhibition condition)* 0.74 (0.67, 0.81) 0.22 59 52.5 58.2

Verbal fluency (letter S)* 0.74 (0.67, 0.81) 0.19 17 57.6 56.3

Trail Making test A* 0.73 (0.66, 0.8) 0.36 53 62.7 58.9

Double task of Baddeley* 0.72 (0.65, 0.79) 1.00 94 50.8 56.3

Areas under the curve (AUC) are presented with their 95% CI. p Values are given for comparison between AUC values for age
and for each factor added. Optimal cutoff was determined for each neuropsychological test associated with incident AD
dementia. Results for tests are presented in order of statistical power.
*Age is included in models for computing AUC.
AD � Alzheimer disease; FCSRT � Free and Cued Selective Recall Reminding Test; WAIS � Wechsler Adult Intelligence Scale.
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initial performance on FCSRT total recall, as de-
fined above. For FCSRT total recall, 75% of the
subjects under the threshold of 40/48 converted to
AD at the end of the 3-year follow-up, compared
to 8% of those who were above the cutoff, and
52% vs 5% converted at 18 months. The Kaplan-
Meier survival curves according to the initial per-
formance on FCSRT free recall and index of
cueing are available in figures E-1 and E-2.

The multivariate Cox proportional hazards
models controlling for age show that there was a
significant difference in the probability of pro-
gression from MCI to AD between the patients
with baseline FCSRT total recall under 40/48 and
those above (relative risk 12.0, 95% CI 6.24 to
23.2; p � 0.0001; table 4, figure). Relative risk for
subjects with FCSRT cueing below 71% was
equal to 10.0 (95%CI 5.3 to 18.75, p � 0.0001). In
contrast, the relative risk for subjects with a cate-
gory fluency score under the cutoff was equal to
2.77 (95% CI 1.59 to 4.84, p � 0.003). The other
relative risks are listed in table 4.

Complementary analyses. We further conducted
analyses in two strata according to median of age.
We further conducted analyses in two strata ac-
cording to age (younger and older than age 72).
AUC order was similar in the two age classes,

whereas different cutoffs were obtained for some
tests but not for all of them (table 5).

DISCUSSION The main objective of this study
was to determine which predictive tool is most
effective for diagnosing prodromal AD. Because
AD at its early stage and the MCI diagnosis are
often confused, we specifically wanted to enroll
patients whose memory complaints more or less
corresponded with the MCI definition, so as to
cover the entire spectrum of the MCI population
seen in a memory clinic whose clientele includes
patients with prodromal AD and patients with
stable MCI with subjective complaints. To
achieve this objective, patients were included on
the basis of the following: 1) memory complaint;
2) a global cognitive efficiency documented by
MMS score between 25/30 and 29/3010; 3) the ab-
sence of dementia13; 4) normal activity in daily liv-
ing or only minor changes12,17; and 5) mild
quantitative impairments of cognitive function
measured by either the Isaac Set Test or at least
one word missing in the word recall MMSE, or
both.10,11 The Set Test is a categorical fluency test
which utilizes executive function and semantic
memory, both impaired in very mild AD.29,30

Moreover, executive dysfunction is a frequent
cognition domain altered in MCI and aging, and
is associated with a high risk for dementia.31,32

Word recall on MMSE reflects impairment of
long-term memory and is a predicting factor for
AD in patients with mild MCI.33,34 Cognitive cri-
teria used permitted us to include MCI with both
memory and attention impairment.

We observed a high rate of early converters dur-
ing follow-up (27% of the MCI population, 23%
during the first 2 years), a result that differs from the
current epidemiologic survey of theMCI population
that reports a homogeneous rate of annual conver-
sion.1 The high rate of early conversion allows us to
conclude that prodromal AD was already present
among patients with MCI at baseline. It follows,
therefore, that the best predictors of an AD conver-
sion can be considered as a diagnostic tool for pro-
dromal AD. Accordingly, the FCSRT appears to be
the best neuropsychological test for detecting AD at
its prodromal stage.

At the early stage of AD, neuropathologic
changes are already present in medial temporal
regions (hippocampal formations, parahip-
pocampal gyrus, and entorhinal cortex),35,36 areas
critical for long-term episodic memory. Episodic
memory deficit is a constant, precocious, and reli-
able neuropsychologicalmarker of AD in relation to
early involvement of medial temporal structures.8,37

Figure Kaplan-Meyer survival curves for the development of Alzheimer disease
(AD) dementia in patients with mild cognitive impairment for subjects
with or without amnestic syndrome of the medial temporal type

The curves show the dramatic difference in the development of AD dementia between
groups, according to the initial performance on Free and Cued Selective Recall Reminding
Test total recall. Receiver operating characteristic analysis was performed on the whole sam-
ple (n � 251 patients).
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Longitudinal studies in the elderly or in those
with MCI showed that a long-term memory defi-
cit consistently predicts incident dementia.32,33,38,39

Poor performance on free recall predicts future
dementia for at least 5 years before diagnosis of
AD in initially nondemented elderly community
volunteers.39 Our study shows that impairment of
free recall, total recall, and index of sensitivity of
cueing can identify prodromal AD in patients
with MCI with a high sensitivity of 79.7% and a
specificity of 89.9%. At 36 months, the probabil-
ity of developing AD dementia for patients with
MCI who fulfilled both criteria defined by free
and total recall was 90%, while it was 5.6% for
those who did not fulfill both criteria. By compar-
ison, biomarkers including a combination of CSF
concentrations of total tau (T-tau) and amyloid
beta 1-42 yielded a sensitivity of 95% and a speci-
ficity of 83%.3 Hippocampal volume reduction and
glucose metabolic reduction in the temporo-parietal
neocortex and in the anterior and posterior cingu-
late gyrus may predict future conversion of patients
with MCI to AD with an estimated accuracy of 69
to 77% and 94%.4,40 However, MRI brain volume
or metabolism reductions can be observed in other
causes of dementia, and these methods require in-
tensive skilled labor. Visual qualitative estimates of
medial temporal atrophy, which are easier to per-
form routinely, predict the progression of MCI to
dementia with a sensitivity of 68% and specificity
of 69%.5,6

The main characteristic of the FCSRT is to as-
sess verbal episodic memory with semantic cueing
that permits one to control for encoding and to
facilitate retrieval in order to isolate the storage
capacities of the patients. The cued recall tech-
nique, used in the FCSRT, is aimed at enhancing
the recall performance by presentation of seman-
tic cues that help for encoding and for retrieval
processes. By construction, the FCSRT can isolate
the amnesic syndrome of the medial temporal
type defined by 1) a very poor free recall and 2) a
decreased total recall because of insufficient effect
of cueing.2,8 The low performance of total recall,
despite facilitation of retrieval, indicates a poor
storage of information. This memory pattern dif-
fers from functional and subcortico-frontal mem-
ory disorders which are characterized by a low
free recall performance with normal total recall
because of good efficacy of cueing.41 The ability
to benefit from cues mainly reflects an impair-
ment in strategies to retrieve stored information,
as in frontotemporal dementia,42 depression,43

vascular dementia,44 and subcortico-frontal de-
mentia.41 These data are in accordance with a
clinico-metabolic correlation study in AD demon-
strating that performance on free recall was cor-
related with metabolic activity in frontal regions,

Table 4 Relative risk associated with each cutoff point score

� Ect (�) p RR CI

FCSRT total recall 2.507 0.334 �0.0001 12.26 (6.37, 23.60)

FCSRT index of cueing 2.329 0.322 �0.0001 10.26 (5.47, 19.28)

FCSRT free recall 2.160 0.307 �0.0001 8.68 (4.76, 15.82)

FCSRT delayed free recall 2.365 0.322 �0.0001 10.64 (5.66, 20.01)

FCSRT delayed total recall 1.977 0.288 �0.0001 7.22 (4.11, 12.70)

FCSRT number of intrusions �1.703 0.316 �0.0001 0.18 (0.10, 0.34)

Verbal fluency (category) 1.043 0.293 0.0004 2.84 (1.60, 5.04)

WAIS similarities 1.166 0.288 �0.0001 3.21 (1.82, 5.64)

FCSRT false recognition �1.374 0.273 �0.0001 0.25 (0.15, 0.43)

Serial digit learning test 0.635 0.268 0.177 1.89 (1.12, 3.19)

DENO100 0.642 0.271 0.0179 1.90 (1.12, 3.23)

Benton Visual Retention Test �0.242 0.066 0.0002 1.27 (1.12, 1.45)

Trail Making test B �0.837 0.282 0.0030 0.43 (0.25, 0.75)

WAIS digit symbol test 0.493 0.295 0.0943 1.64 (0.92, 2.92)

Stroop test (inhibition condition) 0.214 0.276 0.4379 1.24 (0.72, 2.13)

Verbal fluency (letter S) 0.377 0.271 0.1652 1.46 (0.86, 2.48)

Trail Making test A �0.550 0.281 0.0500 1.58 (0.33, 1.00)

FCSRT � Free and Cued Selective Recall Reminding Test; WAIS � Wechsler Adult Intelli-
gence Scale.

Table 5 Optimal cutoff point determined for each neuropsychological test
associated with incident AD dementia by age groups

�72 y (n � 111) �72 y (n � 106)

Cutoff Se Sp Cutoff Se Sp

FCSRT total recall 40 71.4 91.8 39 75.6 93.4

FCSRT index of cueing* 70 71.4 88.7 74 80 82

FCSRT free recall 17 57.1 94.8 17 75.6 86.9

FCSRT delayed free recall* 8 78.6 81.4 6 77.8 88.5

FCSFT delayed total recall* 13 50 92.8 14 68.9 85.2

FCSRT number of intrusions* 1 78.6 55.7 1 88.9 59

Verbal fluency (category)* 14 42.9 18.6 13 40 27.9

WAIS similarities* 11 57.1 67 11 46.7 80.3

FCSRT false recognition* 1 42.9 96.9 1 37.8 88.5

Serial digit learning test* 83 35.7 41.2 78 42.2 26.2

DENO 100* 91 50 39.2 89 42.2 39.3

Benton Visual Retention Test* 12 42.9 44.3 11 53.3 21.3

Trail Making test B* 143 42.9 22.7 159 42.2 34.4

WAIS digit symbol test* 9 28.6 76.3 11 44.4 63.9

Stroop test (inhibition condition)* 59 42.9 67 55 46.7 55.7

verbal fluency (letter S)* 13 71.4 14.4 16 46.7 34.4

Trail Making test A* 46 42.9 46.4 58 35.6 42.6

Double task of Baddeley* 98 7.1 57.7 99 33.3 68.9

AD � Alzheimer disease; Se � sensitivity; Sp � specificity; FCSRT � Free and Cued Selec-
tive Recall Reminding Test; WAIS � Wechsler Adult Intelligence Scale.
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while performance on cued recall was correlated
with residual metabolic activity in bilateral para-
hippocampal regions.45 Among other tests, while
almost all psychometric performances were sig-
nificantly impaired in decliningMCI compared to
stable MCI, only categorical verbal fluency,
WAIS similarities, and serial digit learning test
performances were associated with incident de-
mentia. Previous community-based studies have
shown that attention processing and mental speed
can consistently predict which patients will de-
velop dementia.14,46 However, the PreAl study
was designed to reflect the activity in the memory
clinic, and therefore the population was clinical in
character rather than community-based. Accord-
ingly, the results of our investigations differed
from those conducted at the community level. In
contrast to results obtained in the PAQUID
study,46 the Benton Visual Retention Test, a test
of visual memory, had a low sensitivity in our
study even though we used the same procedure
that evaluates immediate recognition.

Although ApoE4 status was not measured in
the PreAl study, family history was not associated
with an increased risk of AD in our cohort.

We acknowledge the fact that the cutoffs de-
termined in this sample are related to the popula-
tion of our sample recruited in memory clinics,
with subjective cognitive complaints and precise
inclusion criteria. However, these results high-
light the superiority of specific memory tests in
the diagnosis of AD at a predementia stage.
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