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Abstract

The research of reliable procedures for predicting cognitive decline or stability in persons with amnestic mild cognitive
impairment (a-MCI) is a major goal for the early identification of subjects in the prodromal stages of dementia. The aim of this
study was to evaluate whether different memory performances on two procedures commonly used for the neuropsychological
assessment of episodic memory (i.e., free recall and recognition) might be a key in predicting a-MCI patients’ subsequent
progression to Alzheimer’s disease (AD). For this purpose, 80 patients diagnosed with a-MCI at the first assessment and
followed-up for at least 3 years were included. During this time, 41 subjects remained in a stable condition of cognitive
impairment or improved (stable-MCI) and 39 patients converted to AD dementia (converter-MCI). Sixty-two age- and
education-matched healthy individuals were also recruited as healthy controls (HC). Baseline memory performance on the
free recall (5th immediate and 15-min delayed) and yes/no recognition (the sensitivity measure d’) of a 15-word list were
analyzed. Results showed that stable-MCIs forgot significantly more information from immediate to delayed recall of the
word list than HC, but exhibited a pronounced improvement of memory performance in the recognition test format. On the
contrary, converter-MCIs showed diminished sensitivity in benefiting from cues for recognizing studied words. Word list
recognition correctly classified group membership with good overall accuracy, which was higher compared to the classifi-
cation of converter and stable a-MCls provided by free recall; therefore, it could be a useful diagnostic tool for predicting
progression to AD dementia from the prodromal stage.
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Introduction which is the primary anatomic substrate for memory trace
consolidation and storage [5]. Recent research has revealed
A specific pattern of episodic memory impairment, i.e.,  that this characteristic pattern of amnesia is already recog-

“amnesia of the hippocampal type”, is the core clinical  nizable in patients with amnestic Mild Cognitive Impairment
criterion for the early diagnosis of Alzheimer’s disease  (a-MCI) who are destined to convert to AD dementia years
(AD) [1, 2]. This amnestic profile, which is characterized before the first clinical manifestation of dementia [6—8]. In
by poor learning ability and rapid memory decay over a  fact, similar to what occurs in AD dementia the amnestic
relatively short period of time, is typically associated with  profile of converter a-MCI patients is characterized by poor
early involvement of the medial temporal lobe (MTL) [3, 4], learning and diminished delayed free recall ability.

The use of testing paradigms that support memory per-
formance by presenting specific cues at both encoding and

04 Maria Stefania De Simone retrieval does not improve or only marginally improves
ms.desimone @hsantalucia.it the free recall deficits of both AD and converter a-MCI [7,
9—11]. This kind of memory impairment, which mirrors
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Santa Lucia Foundation. V. Ardeatina. 306. 00179 Rome genuine deficits in consolidation and storage of episodic
Italy memory traces, is in line with neuroanatomical findings
2 Department of Systems Medicine, Tor Vergata University, showing significantly more marked grey matter reduction
Rome, Italy that predominantly affects the MTL in converter a-MCI
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patients [4, 12, 13]. On the other hand, a-MCI patients who
will not convert to AD dementia typically present a well-pre-
served capacity to learn new information, but their memory
performance is affected because of deficits in encoding and
retrieval skills such as reduced attentional resources, lack
of planning, organization or response monitoring [2, 14].
Considering the variability of clinical outcomes over time
in non-converter a-MCI patients, various factors can account
for the pattern of “dysexecutive amnesia” disclosed by this
type of patient. Indeed, impairments in elaborative encoding
and strategic retrieval processes have been documented in
a-MCI patients who remain stable for various non-amnestic
reasons (anxiety, depression, adverse effects of medication,
other geriatric or non-neurological conditions, etc.) [2, 14].
Accordingly, since their memory deficit is not underlain
by a pure deficit in consolidation and storage subtended by
MTL involvement, the use of controlled learning strategies
or cueing has been shown to induce improvement or even
normalization of their memory performance [7, 8, 11, 14].

In light of the foregoing, it would be useful to provide
additional qualitative analyses of patients’ memory impair-
ments to determine the potential occurrence of the typical
pattern of MTL amnesia and, therefore, to improve the abil-
ity to predict progression to AD dementia from the prodro-
mal stage.

In neuropsychological practice, recall and recognition are
two commonly used procedures that allow evaluating verbal
long-term memory ability differently by manipulating the
amount of information provided during memory retrieval
[15]. Specifically, in free recall tests subjects must produce
studied items without any external retrieval cues. By con-
trast, recognition tests present stimuli that serve as cues for
retrieving the studied items [16]. It has been documented
that recognition procedures are useful for discriminating
“pure-amnestic” syndromes, like those of AD patients, from
other neurological or psychiatric conditions characterized by
memory deficits that are subtended by impaired encoding
or retrieval strategies [17-23]. For example, frontotemporal
dementia (FTD) patients, whose memory performance is
typically characterized by normal memory consolidation but
poor organization and lack of efficient learning strategies
due to the earlier degeneration of the prefrontal cortex, have
been found to show significant deficits on these measures
of delayed free recall [24, 25]. However, a different picture
emerges for performance on recognition trials: FTD patients
tend to perform better than AD patients [24] and sometimes
show no impairment compared to healthy controls [9, 26,
27]. This difference between FTD and AD patients on rec-
ognition compared to free recall is generally attributed to
the cue which enables FTD patients to overcome retrieval
problems; on the other side, the diminished cueing-related
improvement in AD patients reflects deficits in storage
caused by impaired consolidation of studied items.

It has been demonstrated that poor recognition discrimi-
nability is also present in patients with a-MCI [28-30], albeit
with less impairment compared to AD patients, and that
this test could be a useful measure for distinguishing a-MCI
patients from healthy older adults [31]. In fact, recognition
performance declines less than recall in normally aging
patients [15, 32, 33] and, thus, has been shown to improve
diagnostic specificity in identifying age-related neurological
disorders such as a-MCI [16]. However, only few studies
[34, 35, 37, 38] have assessed the prognostic power of the
recognition test in predicting progression to AD dementia
from the prodromal stage and they have reported contro-
versial results. Therefore, whereas measures of recall has
been accepted for decades as the best predictors of the devel-
opment of AD dementia in a-MCI subjects, it is not clear
whether measurements of recognition tasks could be useful
for identifying subjects who will convert to AD dementia
over time in clinical cohorts of a-MCI.

The aim of the present study was to evaluate whether per-
formance on a word list recognition task enhances the ability
to predict subsequent progression of a-MCI patients to AD
dementia over and above the prediction value of delayed free
recall for the same material. For this purpose, we carried
out a longitudinal study in a group of subjects diagnosed as
a-MCI at baseline and followed-up for 3 years to monitor
their conversion to AD dementia. Baseline memory perfor-
mances on word list recall and recognition were analyzed
to determine their diagnostic ability in predicting later con-
version to AD dementia. We expected that the stable group
of a-MCI would exhibit more performance improvement in
the recognition with respect to the recall task compared to
a-MCT patients who subsequently progress to AD dementia.
Indeed, we hypothesized that stable a-MClIs could benefit
from the facilitation provided by externally guided recall-
ing in minimizing their retrieval deficit at the time of free
recall, whereas the typical consolidation and storage deficits
of converter a-MCls would prevent significant improvement
in recognizing studied items as a consequence of memory
trace forgetting.

Materials and methods

MCI patients

Baseline evaluation

The experimental sample of the current longitudinal study
consisted of a cohort of 80 patients diagnosed with MCI at
the first assessment. All patients had been referred to the
Alzheimer’s Disease unit of IRCCS Santa Lucia Foundation

of Rome from 2000 to 2016. They were submitted to formal
clinical, neuropsychological, behavioural and functional
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evaluation and a Computed Tomography (CT) or a Magnetic
Resonance (MR) scan as part of the diagnostic process. The
MCT subjects were classified as “amnestic” according to cur-
rent clinical criteria [39] if they reported: (a) a complaint of
memory decline (reported by the subject and confirmed by
an informant); (b) objective memory impairment (revealed
by scores below age/education-adjusted norms on at least
one of the standard episodic memory tests administered); (c)
normal general cognition, as indicated by Mini-Mental State
examination scores above the normality cut-off (>23.8); (d)
normal activities of daily living (as confirmed by a total
Clinical Dementia Rating scale score less than or equal to
0.5); (e) CT or MR brain imaging negative for focal lesions
(minimal diffuse changes or minimal lacunar lesions were
allowed). Furthermore, patients did not fulfill the clinical
criteria for the diagnosis of dementia and had no history
of drug/alcohol abuse or any psychiatric or neurological
disease.

Follow-up

MCT subjects were invited to a follow-up evaluations after
12, 24, and 36 months during which they were again sub-
mitted to the clinical examination and the neuropsychologi-
cal, behavioural and functional assessments administered
in the screening phase. At the 12-month follow-up, 11 MCI
patients from the entire sample fulfilled the criteria for the
diagnosis of AD dementia (14%); at the 24-month follow-
up, 13 more patients fulfilled the criteria for AD demen-
tia (16%); at the 36-month follow-up, 15 more patients
converted to AD dementia (19%). In the same period, 41
patients (51%) remained in a stable condition of selective
cognitive impairment (n=35) or normalized their per-
formance (n=6). MCI patients who developed a form of
dementia different from AD dementia during the 3-year
follow-up were not included in our experimental sample.

AD dementia was diagnosed by a neurologist (R.P.) who
has great expertise in the field of dementia, according to the
criteria of the National Institute of Neurological and Com-
municative Disease and Stroke-Alzheimer’s Disease and
Related Disorders Association [40, 41].

Control group

A cohort of 62 age- and education-matched healthy indi-
viduals were also recruited from a healthcare center to serve
as healthy controls (HC). Inclusion criteria were: (a) absence
of neurological or psychiatric disorders; (b) no history of
alcohol or drug abuse; (c) normal general cognitive func-
tioning as confirmed by performance above the normality
cut-off scores on each cognitive test administered.

@ Springer

The study was conducted in conformity with the Santa
Lucia Foundation institutional ethics requirements. Informed
consent was obtained from all participants prior to the study.

General neuropsychological examination

The tests comprising the neuropsychological battery are
described below according to the cognitive domains they
examine: Verbal episodic long-term memory: 15-Word List
test (Immediate, 15-min Delayed recall and 30-min Recogni-
tion trial) [42] and Short story test (Immediate and 20-min
Delayed recall) [43]; Visuo-spatial episodic long-term
memory: Rey-Osterrieth complex figure recall (Immediate
and 20-min Delayed recall) [43]; Short-term memory: Digit
span and Corsi Block Tapping task forward [44]; Execu-
tive functions: Phonological Word Fluency [42], Digit span
and Corsi Block Tapping task backward [44] and Modified
Card Sorting Test [45]; Language: Naming objects subtest of
the BADA [46]; Reasoning: Raven’s Coloured Progressive
Matrices [42]; Constructional praxis: Copy of simple draw-
ing [42], Copy of the Rey-Osterrieth complex figure [43].

For all tests, we used Italian normative data for score
adjustment (sex, age, and education) and to define cut-off
normality scores, which were established as the lower limit
of the 95% tolerance interval for a confidence level of 95%.
For each test, normative data are reported in the correspond-
ing references.

The 15-word learning test

Since performance on the recall and recognition trials of
the 15-word learning test was the topic of the present study,
the procedure used to administer this test will be discussed
in detail.

This test material [42] consists of a list of 15 unrelated
names of concrete objects. The examiner reads the word list
aloud five times. Immediately following each presentation
and 15 min after the last one, the participant is required to
recall as many words as possible without a time limit and in
any order. The immediate recall score consists of the total
number of words recalled in the 5 immediate trials (range
0-75) and the delayed score consists of the number of words
recalled after the 15-min delay (range 0—15). The recogni-
tion trial consists of a list of 45 words; it includes the 15
words from the studied list and 30 non-studied foils. Fifteen
minutes after the delayed recall trial of the word list, the list
of words is presented auditorily by the examiner in pseudo-
random order and the participant is required to discriminate
studied words (“old”) from unstudied words (“new”).

Two separate scores for correct recognition of the studied
items (hit=range 0—15) and for incorrect recognition of the
unstudied items (false alarms =range 0-30) were computed.
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Data analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (IBM SPSS, Version 22.0,
Inc., Chicago, IL). To detect differences in age, education
and MMSE scores, as well as in baseline neuropsychologi-
cal performance among converter a-MCI, stable a-MCI and
HC, one-way analyses of variance (ANOVA) were run. Dif-
ferences in gender distribution were assessed using a Chi
square test.

Two measures of recognition memory performance were
scored according to the Signal detection theory [47]. First,
the sensitivity measure d-prime (d"), which provides an
index of subjects’ ability to discriminate targets from non-
targets, was calculated as the normalized distance between
their hit rate and false alarm rate (d’ = z Hit rate — z False
alarm rate). A larger d' means greater ability to maximize
hits and minimize false alarms and, thus, better discrimina-
tion between studied words and unstudied foils. Second, the
response bias C index was calculated using the following
formula: C=-0.5 (z Hits rate + z False alarms rate) to dif-
ferentiate between conservative response strategies (reduced
numbers of hits, C>0) and impulsive response strategies
(increased number of false alarms, C <0). A score of C equal
to 0 suggests an unbiased judgment. Moreover, to quantify
the effectiveness of recognition to improve the recovery of
stored words compared to free recall, an Index of Sensitivity
of Recognition (ISR) was calculated for each subject using
the following formula: (Total correct recognition propor-
tion — Delayed Word list proportion of words recalled)/
(1 — Delayed Word list proportion of words recalled). The
total correct recognition proportion was determined by the
score of (Hit+ Correct rejection)/45. This index was derived
from an adaptation of the Index of Sensitivity of Cueing’s
formula [7], which is widely used to evaluate the efficacy
of semantic cues to facilitate retrieval from stored informa-
tion in Free and Cued selective reminding test procedures.
Therefore, multiple-way analyses of variance with Group as
a three-level between-subjects factor and Memory indexes
as within-subjects factors were computed. When significant
effects were detected, post hoc analyses were performed
using Fisher’s LSD test with Bonferroni correction for mul-
tiple comparisons (p threshold set at: 0.05/3 =0.02).

To investigate group differences on baseline cognitive
tests between patients who converted in 9—12 months (Con-
verter 1), 13-24 months (Converter 2) or 24-36 months
(Converter 3), analyses of variance were based on non-
parametric Kruskal-Wallis tests as most variables were not
adjusted to the parametric assumption because of the small
sample size of the three groups.

To evaluate the discriminatory power of the different neu-
ropsychological memory tests considered for conversion to
dementia, receiver-operating characteristics (ROC) curves

were generated. Areas under the curves (AUCs) were used
as a measure of the overall performance of the ROC curves
(with 95% Confidence Interval—CI) [48]. The sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), diagnostic odd ratio (dOR) and overall
hit ratio (OHR) were calculated as indexes of the diagnostic
power of the tests in predicting AD dementia.

The optimum cut-off point was calculated only for the
neuropsychological tests with significant diagnostic power;
this was carried out by selecting the point on the ROC curve
that maximized both sensitivity and specificity. Finally, the
Kaplan-Maier survival curve was used to illustrate the dif-
ferences in progression to AD dementia between patients
below or above the optimum cut-off point. Survival time was
calculated as the interval from the initial baseline evaluation
to the diagnosis of dementia. For patients who remained
non-demented, survival time was censored at the date of the
last clinical assessment.

Results
Baseline demographic and clinical data

Table 1 reports subjects’ demographics and baseline neu-
ropsychological test results. The three groups were similar
with respect to age (F [2, 139] =2.239, p=0.11), years of
education (F [2, 139] =1.655, p=0.19) and gender distri-
bution (X2 [2] =3.075, p=0.21). A significant difference in
average MMSE score was found between groups (F [2, 139]
=22.77, p<0.001) because of the better performance of HC
compared to stable a-MCI who, in turn, obtained a higher
mean score than the converter a-MCI group. Moreover, HC
performed better than both stable and converter a-MCI on
all tests included in the baseline neuropsychological battery
with the exception of the Digit span forward, Object nam-
ing and Copy of the Rey-Osterrieth complex figure tests,
in which scores of the three groups were comparable. No
significant difference was detected between stable and con-
verter a-MCI regarding performance on tests investigating
cognitive domains other than memory; instead, stable a-MCI
performed better than converter a-MCI patients on both the
immediate and delayed recall of the Rey-Osterrieth complex
figure and the Prose recall tests.

Finally, Converter 1, Converter 2 and Converter 3 subjects
were comparable in terms of general cognitive efficiency
(MMSE: Converter 1 =mean raw score 26.91+1.5; Con-
verter 2=mean raw score 26.31 + 1.2; Converter 3 =mean
raw score 26.33 +1.9) (Kruskal-Wallis ANOVA: X2 =1.89,
p=0.39), as well as in all the cognitive domains investigated
during the baseline neuropsychological examination includ-
ing tests of long-term memory (Kruskal-Wallis ANOVA:
p>0.05 in all comparisons).

@ Springer



106

Journal of Neurology (2019) 266:102-111

Table 1 Demographic data

; Group F P

and neuropsychological

performance of controls and HC S-MCI C-MCI

a-MCI patients
Sample size 62 41 39
Age (years) 73.2 (7.3) 70.6 (6.6) 73.2(5.5)
Education (years) 11.6 (3.9) 10.5 (4.5) 10.2 (4.5)
Sex (M:F) 21:41 20:21 23:16
MMSE 28.6 (1.3) 27.6 (1.5)" 26.5 (1.6)*" o™ 22.66 <0.001
Naming 29.34 (0.8) 29.08 (1.52) 28.87 (1.36) 0.36 0.628
Digit span forward 5.69 (0.9) 5.53(1.2) 5.47 (1.4) 0.32 0.724
Corsi span forward 5.12(0.9) 4.22 (0.8)*"* 3.94 (1.1 19.9 <0.001
Digit span backward 4.11(0.9) 3.35 (1.5)*" 3.55 (1.2)*" 6.01 0.003
Corsi span backward 4.57 (0.9) 3.93 (1.4 3.97 (1.2)*" 4.76 0.01
MCST (criteria) 5.62 (0.6) 4.15 2.2)* 3.85 (1.7)*™" 18.4 <0.001
Phonological fluency 34.3(9.2) 29.1 (11.2)* 27.9 (10.3)™" 5.62 0.005
Raven’s matrices 29.5(3.8) 26.3 (4.8)*" 25.2 (5.4)* 11.3 <0.001
Copying drawings 10.2 (1.4) 9.3 2.1 9.1 (1.7)** 6.83 0.002
Rey’s figure (copy) 30.2 (4.3) 28.5 (6.6) 27.7 (7.6) 1.97 0.143
Rey’s figure (immediate) 11.2 (4.8) 9.18 (7.4) 4.68 (5.1)¥ b 13.5 <0.001
Rey’s figure (delayed) 10.7 (4.7) 8.04 (6.3) 4.83 (6.4)2"" b 11.6 <0.001
Prose recall (immediate) 5.37(1.2) 4.75 (1.2) 3.59 (1.7)> o= 18.0 <0.001
Prose recall (delayed) 5(1.27) 452 (1.7) 2.39 (2.1)F " br 29.3 <0.001

Mean scores with standard deviations in parentheses

HC healthy controls, S-MCI stable a-MCI, C-MCI converter a-MCI, MMSE Mini-Mental State Examina-
tion, STM short-term memory, EX executive functions, LAN language, REA reasoning, CP constructional

praxis, ME memory

Significant after Bonferroni correction: *p <0.02; **p <0.01; ***p <0.001

Significantly different from HC

PSignificantly different from stable a-MCI patients

Group comparison on word list recall
and recognition

Performance on the immediate and delayed recall trials and
proportion of forgetting, as well as d' and C derived from
the recognition performance and ISC values, are reported
in Table 2. The two-way ANOVA with Group (HC, stable
a-MCI, converter a-MCI) as between factor and Trial (5th
immediate and delayed recall) as within factor showed a

main effect of Group (F [2, 139] =79.03, p <0.001), which
was due to the overall better performance of HC (mean
8.76 £2.5) compared to stable (mean 5.56 +2.7) and con-
verter a-MCI (mean 4.06 +2.4), and by stable a-MCI com-
pared to converter a-MCI (p <0.001 in all comparisons).
The significant main effect of Trial (¥ [2, 139] =330.8,
p<0.001) was observed because of the higher average
scores obtained by the whole group on immediate (mean
7.78 +2.58) than on delayed recall (mean 5.12 +3.28). There

Table 2 Mean raw scores, standard deviations (in parentheses) and percentage of memory loss passing from immediate to delayed recall on the

word list; d' and ISR scores on the recognition task

Immediate Delayed Forgetting (%) d C ISR (%)
HC 9.8(2) 7.8 (2.6) -13 3.7(1.3) —0.16 (0.6) +86
s-MCI 7 Q2" 4.1 2.4 —-19 " 2.6 (0.9)™ -0.41 (0.6 +81
c-MCI 58 (1.4)3*** b** 23 (1.7)3***h*** — 04 A 1.8 (1‘1)3*** bk —026 (07) +72 sk sk

HC healthy controls, s-MCI stable a-MCI, c-MCI converter a-MCI, ISR Index of Sensitivity of Recognition

Significant after Bonferroni correction: *p <0.02; **p <0.01; ***p <0.001

Significantly different from HC
®Significantly different from stable a-MCI patients
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was also a significant interaction between Group and Trial
(F [2, 139] =9.33, p<0.001). Post hoc analysis revealed
that HC remembered consistently more words than stable
and converter a-MCI on both the 5th immediate and delayed
recall (p <0.001 in all comparisons). Similarly, stable a-MCI
were able to recall more items than converter a-MCI on both
trials of the word list recall (immediate: p =0.009, delayed:
p <0.001); nevertheless, the amount of memory loss pass-
ing from immediate to delayed recall (i.e., forgetting) was
comparable between the two groups of patients (p =0.07)
and significantly more marked compared to the forgetting
scores of HC (p <0.001 in both comparisons).

For the recognition task, the one-way ANOVA applied
to the d’ scores revealed a significant difference between
the three groups (F [2, 139] =36.09, p <0.001), which
was due to HC scoring higher than stable a-MCI (p=0.01)
who, in turn, obtained a significantly higher d' mean score
than converter a-MCI (p <0.001). Comparable scores were
obtained between controls and patients in terms of C (F [2,
139] =1.903, p=0.153). The one-way ANOVA applied to
the ISR values showed a significant main effect of Group
(F [2, 139] =15.37, p<0.001). As revealed by post hoc
analysis, HC and stable a-MCI exhibited similar memory
improvement on the recognition task (p =0.08), whereas the
effect of facilitation provided by recognition with respect to
free recall was significantly less pronounced in the converter
a-MCI group compared to HC and stable a-MCI (p < 0.001
in both comparisons).

Diagnostic utility of word list recall and recognition

ROC curves were generated to compare the ability of the
word list’s delayed and recognition trials to discriminate
between stable and converter a-MCI patients. Results of the
analysis showed that the best predictor of conversion was
d' (AUC=0.74, 95% CI1=0.63-0.85, p <0.001); indeed, it
showed good power in discriminating converter a-MCI from
stable a-MCI. Additionally, ISR significantly predicted con-
version (AUC=0.71, 95% CI=0.60-0.83, p=0.001). For
the free recall component, we found that scores resulting

from delayed recall were able to significantly discrimi-
nate converter a-MCI from stable a-MCI (AUC =0.723,
95% CI=0.60-0.81, p <0.001). Despite similar AUC val-
ues, however, all the other accuracy metrics we calculated
demonstrated the superiority of both d' and ISR compared
to free recall in terms of discriminating power (Table 3).
The optimum cut-off point (COP=1.999) for d' scores,
which was determined by selecting the score with the best
sensitivity and specificity on the ROC curve, was used to
illustrate the differences in progression to AD dementia in
patients above and below the COP using Kaplan-Meier’s
survival curves (Fig. 1). Results showed that 74% of the
entire sample with d’ scores below the COP subsequently
converted to AD (9 patients in 9—-12 months, 11 patients in
13-24 months and 8 patients in 25-36 months) compared to
26% who were above the cut-off (2 patients in 9—12 months,

1,0
0,84
5 0,6+
(0]
o
>
= S 1
© :
E 0,4+ :
S !
O :
i
0,2
--""*below cut-off
—1above cut-off
0,01
T T T T U U T
0 5 10 15 20 25 30
Years

Fig.1 Kaplan—Meier survival curve for the conversion to AD of
patients with a-MCI whose d’ scores on the recognition were above or
below the cut-off point

Table 3 Diagnostic power of
word list delayed recall trial and

Delayed d' ISR

recognition d’ and ISR scores
for predicting a-MCI patients’
conversion to AD dementia

Area under the curve
Sensitivity (%)
Specificity (%)

PPV (%)

NPV (%)

dOR

OHR (%)

0.72 (0.60-0.81)

0.74 (0.63-0.85) 0.71 (0.63-0.85)

51 (35-67) 72 (55-84) 54 (37-70)
76 (59-87) 76 (59-87) 85 (71-94)
66 (47-82) 74 (56-86) 78 (61-89)
62 (47-75) 74 (58-86) 66 (57-74)
7.97 6.86
74 70

ISR Index of Sensitivity of Recognition, PPV Positive Predictive value, NPV Negative Predictive value,
dOR diagnostic odd ratio, OHR overall hit ratio, 95% confidence interval in parentheses
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2 patients in 13—24 months, and 7 patients in 25-36 months).
The mean time to conversion was significantly shorter for
the converter a-MClIs with a d' score below the COP (mean
20.86 months +17.1, with 71% of patients converting within
2 years from baseline evaluation) compared to those above
the COP (mean 28.09 months + 12.6, with 34% of patients
converting within 2 years from baseline evaluation) (Log
Rank: X2 [1] =20.99 p<0.001).

Discussion

In the present study, baseline memory performances on word
list free recall and recognition trials obtained from a sample
of 80 patients diagnosed with a-MCI at the first evaluation
and followed-up for 3 years were analyzed to determine their
diagnostic ability to predict later conversion to AD. In fact,
whereas measures of recall have been well documented as
predictors of the development of AD dementia in a-MCI
subjects, it is not clear whether measurements of recognition
tasks could be useful for identifying subjects who will con-
vert to AD dementia over time in clinical cohorts of a-MCI.

Overall, we found that a-MCI who converted to AD
dementia during the 3-year follow-up generally performed
worse than HC and non-converter MCI patients on both word
list free recall and recognition, as well as on all other meas-
ures of episodic long-term memory. This finding is in line
with previous studies which reported a more marked epi-
sodic memory impairment in converter-MCIs compared to
stable patients in standard memory evaluations [35, 49-52].
Moreover, we found that a-MCI patients who remained in
a stable form of selective memory impairment obtained
lower scores than normal controls on both immediate and
delayed recall of the word list; they also presented a compa-
rable amount of memory loss passing from the immediate
to delayed recall trial of the word list (— 13% of accuracy)
compared to converter a-MCls (— 19% of accuracy). Sup-
porting our initial prediction, however, stable a-MCI patients
had a greater advantage on the recognition procedure than
converter patients. Indeed, when we compared the effec-
tiveness of recognition in improving the recovery of stored
words compared to free recall, we found that the percentage
of improvement on the recognition task obtained by stable
a-MCI patients (+ 81%) was comparable to that obtained by
HC (+86%), and significantly more pronounced than that
disclosed by converter a-MCI (4 72%). Further analyses
revealed that the d', which was derived from the recogni-
tion performance, had the best predictive validity in dis-
criminating a-MCI who developed AD dementia within the
3-year follow-up. In fact, the d' measure correctly classified
group membership with good overall accuracy, which was
higher compared to the classification of converter and stable
a-MCI patients provided by free recall scores. In addition,
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the mean time to conversion was significantly reduced for
the converter-MCIs who showed more marked impairment
on recognition than converter-MCIs who did not.

Taken together, the results of the present study rein-
force the view that a-MCI subjects destined to convert to
AD dementia are characterized by a memory deficit that
is qualitatively different from that of a-MCI subjects who
remain clinically stable over time. In line with the current
literature [1, 2], our results demonstrate that a specific pat-
tern of “amnesia of the hippocampal type”, which represents
the core clinical criterion for the diagnosis of AD dementia,
is already recognizable in a-MCI subjects destined to con-
vert to AD 1-3 years before dementia becomes clinically
manifest, as opposed to a profile of “dysexecutive mem-
ory impairment” typical of non-converter a-MCI patients.
Accordingly, a careful characterization of the qualitative
aspects of memory performance on tests which are com-
monly used for the clinical evaluation of long-term mem-
ory ability could be an effective strategy for discriminat-
ing between these different profiles of memory impairment
and, thus, for enhancing the ability to accurately recognize
patients destined to convert to AD dementia from the pro-
dromal stage. In particular, our findings demonstrate the
usefulness of the recognition procedures in differentiating
between a “pure-amnestic” profile in patients like converter
a-MCI, in whom a consolidation deficit prevents any effec-
tive memory storage, from a “frontal” memory profile in
patients such as non-converter a-MCI, in whom memory
deficits are mainly due to inefficient elaborative encoding
and/or retrieval strategies. In fact, similar to what occurs in
AD patients, our converter a-MCIs showed both reduced
delayed free recall ability and diminished sensitivity in
benefiting from cues for recognizing studied words. These
results are consistent with the view that the memory deficit
in a-MCI patients destined to convert to AD dementia is due
to an AD-related hippocampal pathology that is responsible
for the defective storage of memory traces which, as a con-
sequence, may not be recovered even when the experimen-
tal paradigm assists and facilitates retrieval processes [7, 8,
11]. On the other hand, the memory impairments of a-MCI
patients who remain clinically stable over time are typically
due to reduced encoding abilities and a deficit in elaborative
encoding and/or in implementing effective retrieval strate-
gies, whereas consolidation takes place normally [7, 8, 11,
14]. Accordingly, our stable a-MCI patients showed poor
memory performance on the free recall procedure, which
required strategically elaborative encoding of incoming
information; however, in the conditions in which the request
for efficient retrieval strategies was minimized, as occurs
in the recognition trial, they exhibited significantly a better
memory performance compared to converter a-MCls and
improved ability to recognize studied words with respect to
their free recall performance, which was comparable to that
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of normal controls. Therefore, their poor baseline memory
performance seems due to concurrent, non-amnestic fac-
tors such as poor organization and the use of inefficient
retrieval strategies rather than a pure consolidation deficit
of the hippocampal type. Considering the variability of
clinical outcomes over time in non-converter MCI patients,
various factors can account for the pattern of “dysexecutive
amnesia” disclosed by this type of patient. In fact, there are
many factors that can affect memory performance in elderly
populations apart from neurodegenerative disorders. These
include psychiatric status (i.e., anxiety, depression), vascu-
lar risk factors, hormonal changes, other geriatric or non-
neurological conditions; and all of these factors can lead
to impaired attention, poor strategic search in memory and
reduced processing capacity, ultimately resulting in poor
performance on free recall for non-amnestic reasons [2, 53].

In conclusion, the results of the present study demon-
strate the importance of studying the qualitative aspects
of memory deficits to better predict the risk of developing
AD dementia and in particular the usefulness of recogni-
tion procedures for identifying MCI subjects with memory
disturbances compatible with an early phase of AD demen-
tia. In fact, a decreased sensitivity in benefiting from the
facilitation provided by externally guided cues in minimiz-
ing retrieval deficits on free recall is significantly associ-
ated with higher risk and faster mean time of conversion to
AD dementia. Compared to free recall procedures, scores
deriving from the recognition task showed high sensitivity in
identifying genuine deficits in consolidation and storage that
are typical of converter-MCIs and mirror early involvement
of MTL areas. Therefore, added to the previously reported
qualitative methods for investigating memory deficits in
MCI patients, this test could be a useful diagnostic tool for
predicting progression to AD dementia from the prodromal
stage.

Acknowledgements This study was supported by the Italian Ministry
of Health (grant number 217/RF-2013-02359074).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical standards This study was approved by the ethics committee
of the Santa Lucia Foundation in accordance with the Declaration of
Helsinki and its later amendments. All participants gave their written
informed consent prior to their inclusion in the study.

References

1. Albert M, DeKosky S, Dickson D et al (2011) The diagnosis of
mild cognitive impairment due to Alzheimer’s disease: Recom-
mendations from the National Institute on Aging-Alzheimer’s

10.

11.

12.

14.

15.

16.

17.

18.

Association workgroups on diagnostic guidelines for Alzhei-
mer’s disease. Alzheimer’s Dementia 7:270-279. https://doi.
org/10.1016/j.jalz.2011.03.008

Dubois B, Feldman H, Jacova C et al (2007) Research cri-
teria for the diagnosis of Alzheimer’s disease: revising the
NINCDS-ADRDA criteria. Lancet Neurol 6:734-746. https://
doi.org/10.1016/s1474-4422(07)70178-3

Braak H, Braak E (1995) Staging of alzheimer’s disease-related
neurofibrillary changes. Neurobiol Aging 16:271-278. https://
doi.org/10.1016/0197-4580(95)00021-6

Scarpazza C, De Simone M (2016) Voxel-based morphometry:
current perspectives. Neurosci Neuroecon 5:19-35. https://doi.
org/10.2147/nan.s66439

Squire L, Stark C, Clark R (2004) The medial temporal lobe.
Annu Rev Neurosci 27:279-306. https://doi.org/10.1146/annur
ev.neuro.27.070203.144130

Petersen R, Smith G, Waring S et al (1999) Mild cognitive
impairment. Arch Neurol 56:303. https://doi.org/10.1001/archn
eur.56.3.303

Sarazin M, Berr C, De Rotrou J et al (2007) Amnestic syn-
drome of the medial temporal type identifies prodromal AD:
a longitudinal study. Neurology 69:1859-1867. https://doi.
org/10.1212/01.wnl.0000279336.36610.f7

De Simone M, Perri R, Fadda L et al (2017) Different deficit
patterns on word lists and short stories predict conversion to
Alzheimer’s disease in patients with amnestic mild cognitive
impairment. J Neurol 264:2258-2267. https://doi.org/10.1007/
s00415-017-8623-8

Pasquier F, Grymonprez L, Lebert F, Van der Linden M (2001)
Memory impairment differs in frontotemporal dementia and
Alzhemier?s disease. Neurocase 7:161-171. https://doi.
org/10.1076/neur.7.2.161.16263

Lemos R, Duro D, Simoes M, Santana I (2014) The free and
cued selective reminding test distinguishes frontotemporal
dementia from Alzheimer’s disease. Arch Clin Neuropsychol
29:670-679. https://doi.org/10.1093/arclin/acu03 1

Lemos R, Mar6co J, Simdes M et al (2015) The free and cued
selective reminding test for predicting progression to Alzhei-
mer’s disease in patients with mild cognitive impairment: a
prospective longitudinal study. J Neuropsychol 11:40-55. https
://doi.org/10.1111/jnp.12075

Apostolova L, Dutton R, Dinov I et al (2006) Conversion of
mild cognitive impairment to alzheimer disease predicted by
hippocampal atrophy maps. Arch Neurol 63:693. https://doi.
org/10.1001/archneur.63.5.693

. Yang J, Pan P, Song W et al (2012) Voxelwise meta-analysis of

gray matter anomalies in Alzheimer’s disease and mild cogni-
tive impairment using anatomic likelihood estimation. J Neurol
Sci 316:21-29. https://doi.org/10.1016/j.jns.2012.02.010
Perri R, Carlesimo G, Serra L, Caltagirone C (2009) When the
amnestic mild cognitive impairment disappears. Cogn Behav
Neurol 22:109-116. https://doi.org/10.1097/wnn.0b013e3181
a7225¢c

Burke D, Light L (1981) Memory and aging: The role of
retrieval processes. Psychol Bull 90:513-546. https://doi.
org/10.1037//0033-2909.90.3.513

Bennett I, Golob E, Parker E, Starr A (2006) Memory Evalua-
tion in Mild Cognitive Impairment using Recall and Recogni-
tion Tests. J Clin Exp Neuropsychol 28:1408-1422. https://doi.
org/10.1080/13803390500409583

Gainotti G, Marra C (1994) Some aspects of memory disorders
clearly distinguish dementia of the Alzheimer’s type from depres-
sive pseudo-dementia. J Clin Exp Neuropsychol 16:65-78. https
://doi.org/10.1080/01688639408402617

Delis D, Massman P, Butters N et al (1991) Profiles of demented
and amnesic patients on the California verbal learning test:

@ Springer


https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/s1474-4422(07)70178-3
https://doi.org/10.1016/s1474-4422(07)70178-3
https://doi.org/10.1016/0197-4580(95)00021-6
https://doi.org/10.1016/0197-4580(95)00021-6
https://doi.org/10.2147/nan.s66439
https://doi.org/10.2147/nan.s66439
https://doi.org/10.1146/annurev.neuro.27.070203.144130
https://doi.org/10.1146/annurev.neuro.27.070203.144130
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1212/01.wnl.0000279336.36610.f7
https://doi.org/10.1212/01.wnl.0000279336.36610.f7
https://doi.org/10.1007/s00415-017-8623-8
https://doi.org/10.1007/s00415-017-8623-8
https://doi.org/10.1076/neur.7.2.161.16263
https://doi.org/10.1076/neur.7.2.161.16263
https://doi.org/10.1093/arclin/acu031
https://doi.org/10.1111/jnp.12075
https://doi.org/10.1111/jnp.12075
https://doi.org/10.1001/archneur.63.5.693
https://doi.org/10.1001/archneur.63.5.693
https://doi.org/10.1016/j.jns.2012.02.010
https://doi.org/10.1097/wnn.0b013e3181a7225c
https://doi.org/10.1097/wnn.0b013e3181a7225c
https://doi.org/10.1037//0033-2909.90.3.513
https://doi.org/10.1037//0033-2909.90.3.513
https://doi.org/10.1080/13803390500409583
https://doi.org/10.1080/13803390500409583
https://doi.org/10.1080/01688639408402617
https://doi.org/10.1080/01688639408402617

110

Journal of Neurology (2019) 266:102-111

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

implications for the assessment of memory disorders. Psychol
Assess 3:19-26. https://doi.org/10.1037//1040-3590.3.1.19

. Glosser G, Gallo J, Clark C, Grossman M (2002) Memory

encoding and retrieval in frontotemporal dementia and Alz-
heimer’s disease. Neuropsychology 16:190-196. https://doi.
org/10.1037//0894-4105.16.2.190

Lee A, Rahman S, Hodges J et al (2003) Associative and recog-
nition memory for novel objects in dementia: implications for
diagnosis. Eur J Neurosci 18:1660—1670. https://doi.org/10.104
6/j.1460-9568.2003.02883.x

Fine E, Delis D, Wetter S et al (2008) Identifying the “source” of
recognition memory deficits in patients with Huntington’s disease
or Alzheimer’s disease: evidence from the CVLT-IIL. J Clin Exp
Neuropsychol 30:463-470. https://doi.org/10.1080/1380339070
1531912

Tierney M, Black S, Szalai J et al (2001) Recognition memory
and verbal fluency differentiate probable Alzheimer disease from
subcortical ischemic vascular dementia. Arch Neurol 58:1654.
https://doi.org/10.1001/archneur.58.10.1654

Flanagan E, Wong S, Dutt A et al (2016) False recognition in
behavioral variant frontotemporal dementia and Alzheimer’s dis-
ease—disinhibition or amnesia? Front Aging Neurosci. https://
doi.org/10.3389/fnagi.2016.00177

Hornberger M, Piguet O, Graham A et al (2010) How preserved is
episodic memory in behavioral variant frontotemporal dementia?
Neurology 74:472—479. https://doi.org/10.1212/wnl.0b013e3181
cef85d

Ranjith N, Mathuranath P, Sharma G, Alexander A (2010)
Qualitative aspects of learning, recall, and recognition in
dementia. Ann Indian Acad Neurol 13:117. https://doi.
org/10.4103/0972-2327.64639

Harciarek M, Jodzio K (2005) Neuropsychological differences
between frontotemporal dementia and Alzheimer’s disease: a
review. Neuropsychol Rev 15:131-145. https://doi.org/10.1007/
s11065-005-7093-4

Ricci M, Graef S, Blundo C, Miller L (2012) Using the Rey Audi-
tory Verbal Learning Test (RAVLT) to differentiate Alzheimer’s
dementia and behavioural variant fronto-temporal dementia.
Clin Neuropsychol 26:926-941. https://doi.org/10.1080/13854
046.2012.704073

Barbeau E, Didic M, Tramoni E et al (2004) Evaluation of visual
recognition memory in MCI patients. Neurology 62:1317-1322.
https://doi.org/10.1212/01.wnl.0000120548.24298.db

Wolk D, Signoff E, DeKosky S (2008) Recollection and familiar-
ity in amnestic mild cognitive impairment: a global decline in
recognition memory. Neuropsychologia 46:1965-1978. https://
doi.org/10.1016/j.neuropsychologia.2008.01.017

Algarabel S, Fuentes M, Escudero J et al (2012) Recognition
memory deficits in mild cognitive impairment. Aging Neu-
ropsychol Cogn 19:608-619. https://doi.org/10.1080/13825
585.2011.640657

Russo M, Cohen G, Campos J et al (2016) Usefulness of dis-
criminability and response bias indices for the evaluation of
recognition memory in mild cognitive impairment and Alzhei-
mer disease. Dement Geriatr Cogn Disord 43:1-14. https://doi.
org/10.1159/000452255

Zakzanis K, Leach L, Kaplan E (1999) Neuropsychological dif-
ferential diagnosis. Swets & Zeitlinger, Lisse

Parker E, Landau S, Whipple S, Schwartz B (2004) Aging, recall
and recognition: a study on the sensitivity of the University of
Southern California Repeatable Episodic Memory Test (USC-
REMT). J Clin Exp Neuropsychol 26:428-440. https://doi.
org/10.1080/13803390490510130

Griffith H, Netson K, Harrell L et al (2006) Amnestic mild cog-
nitive impairment: diagnostic outcomes and clinical prediction

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

over a two-year time period. J Int Neuropsychol Soc. https://doi.
org/10.1017/s1355617706060267

Rabin L, Paré N, Saykin A et al (2009) Differential memory test
sensitivity for diagnosing amnestic mild cognitive impairment
and predicting conversion to Alzheimer’s disease. Aging Neu-
ropsychol Cogn 16:357-376. https://doi.org/10.1080/1382558090
2825220

Yang H, Yang Y, Legesse B, Kim S (2012) Subtypes of amnestic
mild cognitive impairment based on memory impairment pattern
and its potential clinical significance. Dement Neurocogn Disord
11:59. https://doi.org/10.12779/dnd.2012.11.2.59
Garcia-Herranz S, Diaz-Mardomingo M, Peraita H (2015) Neu-
ropsychological predictors of conversion to probable Alzheimer
disease in elderly with mild cognitive impairment. J Neuropsychol
10:239-255. https://doi.org/10.1111/jnp.12067

Russo M, Campos J, Vazquez S et al (2017) Adding recognition
discriminability index to the delayed recall is useful to predict
conversion from mild cognitive impairment to Alzheimer’s dis-
ease in the Alzheimer’s disease neuroimaging initiative. Front
Aging Neurosci. https://doi.org/10.3389/fnagi.2017.00046
Petersen R, Caracciolo B, Brayne C et al (2014) Mild cognitive
impairment: a concept in evolution. J Intern Med 275:214-228.
https://doi.org/10.1111/joim.12190

McKhann G, Drachman D, Folstein M et al (1984) Clinical diag-
nosis of Alzheimer’s disease: report of the NINCDS-ADRDA
Work Group* under the auspices of Department of Health and
Human Services Task Force on Alzheimer’s Disease. Neurology
34:939-939. https://doi.org/10.1212/wnl.34.7.939

McKhann G, Knopman D, Chertkow H et al (2011) The diag-
nosis of dementia due to Alzheimer’s disease: recommendations
from the National Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimer’s Dement 7:263-269. https://doi.org/10.1016/j.
jalz.2011.03.005

Carlesimo G, Caltagirone C, Gainotti G et al (1996) The mental
deterioration battery: normative data, diagnostic reliability and
qualitative analyses of cognitive impairment. Eur Neurol 36:378—
384. https://doi.org/10.1159/000117297

Carlesimo GA, Buccione I, Fadda LM, Graceffa A, Mauri M,
Lorusso S, Caltagirone C (2002) Standardizzazione di due test di
memoria per uso clinico. Nuova Rivista di Neurologia 12(1):1-13
Monaco M, Costa A, Caltagirone C, Carlesimo G (2012) Forward
and backward span for verbal and visuo-spatial data: standardiza-
tion and normative data from an Italian adult population. Neurol
Sci 34:749-754. https://doi.org/10.1007/s10072-012-1130-x
Nocentini U, Di Vincenzo S, Panella M, Pasqualetti P, Caltagirone
C (2002) La valutazione delle funzioni esecutive nella pratica neu-
ropsicologica: dal Modified Card Sorting Test al Modified Card
Sorting Test: Roma Version. Dati di standardizzazione. Nuova
Rivista di Neurologia 12(1):14-24

Miceli G, Laudanna A, Burani C, Capasso R (1994) Batteria per
I’Analisi dei Deficit Afasici BADA: Universita Cattolica del Sacro
Cuore. Servizio di Neuropsicologia, Consiglio Nazionale delle
Ricerche. Istituto di Psicologia

Kamman R (1970) Signal detection theory and recognition mem-
ory: Part I (basic calculation). In: Workbook for general psychol-
ogy. Practice-Hall, City

Gifford D, Cummings J (1999) Evaluating dementia screen-
ing tests. Neurology 52:224-224. https://doi.org/10.1212/
wnl.52.2.224

Perri R, Serra L, Carlesimo G, Caltagirone C (2007) Amnes-
tic mild cognitive impairment: difference of memory pro-
file in subjects who converted or did not convert to Alzhei-
mer’s disease. Neuropsychology 21:549-558. https://doi.
org/10.1037/0894-4105.21.5.549


https://doi.org/10.1037//1040-3590.3.1.19
https://doi.org/10.1037//0894-4105.16.2.190
https://doi.org/10.1037//0894-4105.16.2.190
https://doi.org/10.1046/j.1460-9568.2003.02883.x
https://doi.org/10.1046/j.1460-9568.2003.02883.x
https://doi.org/10.1080/13803390701531912
https://doi.org/10.1080/13803390701531912
https://doi.org/10.1001/archneur.58.10.1654
https://doi.org/10.3389/fnagi.2016.00177
https://doi.org/10.3389/fnagi.2016.00177
https://doi.org/10.1212/wnl.0b013e3181cef85d
https://doi.org/10.1212/wnl.0b013e3181cef85d
https://doi.org/10.4103/0972-2327.64639
https://doi.org/10.4103/0972-2327.64639
https://doi.org/10.1007/s11065-005-7093-4
https://doi.org/10.1007/s11065-005-7093-4
https://doi.org/10.1080/13854046.2012.704073
https://doi.org/10.1080/13854046.2012.704073
https://doi.org/10.1212/01.wnl.0000120548.24298.db
https://doi.org/10.1016/j.neuropsychologia.2008.01.017
https://doi.org/10.1016/j.neuropsychologia.2008.01.017
https://doi.org/10.1080/13825585.2011.640657
https://doi.org/10.1080/13825585.2011.640657
https://doi.org/10.1159/000452255
https://doi.org/10.1159/000452255
https://doi.org/10.1080/13803390490510130
https://doi.org/10.1080/13803390490510130
https://doi.org/10.1017/s1355617706060267
https://doi.org/10.1017/s1355617706060267
https://doi.org/10.1080/13825580902825220
https://doi.org/10.1080/13825580902825220
https://doi.org/10.12779/dnd.2012.11.2.59
https://doi.org/10.1111/jnp.12067
https://doi.org/10.3389/fnagi.2017.00046
https://doi.org/10.1111/joim.12190
https://doi.org/10.1212/wnl.34.7.939
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1159/000117297
https://doi.org/10.1007/s10072-012-1130-x
https://doi.org/10.1212/wnl.52.2.224
https://doi.org/10.1212/wnl.52.2.224
https://doi.org/10.1037/0894-4105.21.5.549
https://doi.org/10.1037/0894-4105.21.5.549

Journal of Neurology (2019) 266:102-111

m

50. Borroni B, Anchisi D, Paghera B et al (2006) Combined 99mTc-

51.

ECD SPECT and neuropsychological studies in MCI for the
assessment of conversion to AD. Neurobiol Aging 27:24-31. https
://doi.org/10.1016/j.neurobiolaging.2004.12.010

Tabert M, Manly J, Liu X et al (2006) Neuropsychological pre-
diction of conversion to Alzheimer disease in patients with mild
cognitive impairment. Arch Gen Psychiatry 63:916. https://doi.
org/10.1001/archpsyc.63.8.916

52.

53.

Fleisher A, Sowell B, Taylor C et al (2007) Clinical predictors
of progression to Alzheimer disease in amnestic mild cognitive
impairment. Neurology 68:1588-1595. https://doi.org/10.1212/01.
wnl.0000258542.58725.4¢

Gauthier S, Reisberg B, Zaudig M et al (2006) Mild cognitive
impairment. Lancet 367:1262—-1270. https://doi.org/10.1016/
s0140-6736(06)68542-5

@ Springer


https://doi.org/10.1016/j.neurobiolaging.2004.12.010
https://doi.org/10.1016/j.neurobiolaging.2004.12.010
https://doi.org/10.1001/archpsyc.63.8.916
https://doi.org/10.1001/archpsyc.63.8.916
https://doi.org/10.1212/01.wnl.0000258542.58725.4c
https://doi.org/10.1212/01.wnl.0000258542.58725.4c
https://doi.org/10.1016/s0140-6736(06)68542-5
https://doi.org/10.1016/s0140-6736(06)68542-5

	Predicting progression to Alzheimer’s disease in subjects with amnestic mild cognitive impairment using performance on recall and recognition tests
	Abstract
	Introduction
	Materials and methods
	MCI patients
	Baseline evaluation
	Follow-up

	Control group
	General neuropsychological examination
	The 15-word learning test
	Data analysis

	Results
	Baseline demographic and clinical data
	Group comparison on word list recall and recognition
	Diagnostic utility of word list recall and recognition

	Discussion
	Acknowledgements 
	References


