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Abstract
BACKGROUND: In the perspective of novel treatments with 
disease-modifying drugs, a timely diagnosis of Alzheimer’s’ 
disease (AD) at preclinical phase represents a major issue. 
To this purpose, in clinical setting, there is the need to detect 
the earliest cognitive symptoms not yet fulfilling Mild 
Cognitive Impairment criteria, in order to proceed to biomarker 
assessment for diagnostic definition. In terms of cognitive 
performance, Subjective Cognitive Decline (SCD) is still a 
controversial entity, due to the difficulty of reliably measuring 
subtle deficits. 
OBJECTIVE: To evaluate the possibility to predict the presence 
of AD-like CSF pattern in SCD individuals, according to their 
neuropsychological performance assessed by means of both 
traditional and computerized measures. 
DESIGN: Retrospective study.
SETTING: Clinical setting (Centre for Memory Disturbances, 
Section of Neurology, University Hospital of Perugia, Italy).
PARTICIPANTS: 74 consecutive SCD subjects  who 
underwent an in-depth (paper-pencil and computerized) 
neuropsychological assessment and CSF analysis for AD 
biomarkers (Aβ42/Aβ40 ratio, phospho-tau, total tau). 
MEASUREMENTS: Neuropsychological assessment was 
composed of traditional tests assessing five cognitive domains 
(verbal memory, attention, executive functions, language, visuo-
spatial abilities) and computerized tasks from CAmbridge 
Neuropsychological Test Automated Battery (CANTAB) 
(Pattern Recognition Memory, Paired Associates Learning and 
Spatial Working Memory). According to their performance 
at traditional tests, SCD individuals were categorized into 
cognitively normal (CN) and subtle impaired (SI); with respect 
to CANTAB, they were defined as CANTAB- in presence of 
normal performance, and CANTAB+ in presence of at least 
one pathological score. The subgroup with completely normal 
performance was defined as CN/CANTAB-, and the subgroup 
with impairment in both measures as SI/CANTAB+. Differences 
in prevalence of A/T/N profile according to cognitive profiles 
were assessed by Fisher’s exact text for count data. 
RESULTS: None of CN/CANTAB- subjects showed A+/T+ 
status. SI/CANTAB+ subjects showed a significantly high 
prevalence of A+/T+ profile (14/35, 40%, p=0.03 vs CN/
CANTAB-).
CONCLUSION: The neuropsychological profile may be of help 
in identifying SCD subjects requiring biomarker assessment. 
If confirmed in larger cohorts, the combination of traditional 

and computerized tests (namely, CANTAB) might represent a 
feasible strategy in clinical setting for carrying out biomarker 
assessment in individuals before the MCI stage. Detection of AD 
in these subjects would give them the highest chances to halt 
disease progression by means of disease modifying treatments. 

Key words: Alzheimer’s Disease, subjective cognitive decline, 
neuropsychological assessment, CANTAB, cerebrospinal fluid 
biomarkers.

 
Introduction

Alzheimer ’s disease (AD) pathology begins 
several years before the onset of clinical 
symptoms (1–5). The possibility to detect AD 

in vivo by means of pathophysiological biomarkers 
allows the diagnosis even before the prodromal stage, 
at the preclinical phase (6–9). A timely diagnosis of AD 
represents a major issue in view of the availability of 
novel treatments with disease-modifying drugs that may 
have the greatest efficacy when targeting individuals at 
the earliest stages of the disease.    

Subjective Cognitive Decline (SCD) refers to a self-
experienced decline in cognitive functioning with no 
impairment in daily functioning (10). Although it is 
still controversial if this condition might represent a 
preclinical stage of AD (8, 11) several studies report that 
SCD subjects showing PET or CSF amyloid positivity 
have an increased risk of cognitive decline (12–18) thus 
representing preclinical AD (19).

In view of the availability of effective disease 
modifying treatments, SCD individuals who seek for 
an objective diagnostic verification about the cognitive 
impairment they perceive, represent the ideal population 
deserving biomarkers assessment. In clinical setting, 
the major difficulty is represented by the lack of a clear 
definition of subtle cognitive impairment, i.e., the 
objective evidence of pathological scores not reaching 
MCI criteria. The main reasons for that are the large 
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variability of neuropsychological measures used 
worldwide, and the lack of standardized procedures 
devoted to this specific aim. Some studies proposed to 
use “milder” cut-off as compared to MCI (i.e., impairment 
defined as more than 1 time but less than 1.5 times the 
normative standard deviation) (20, 21). Others focused on 
the number of altered tests in order to increase reliability 
(22). Another possible approach might be represented 
by the combination of a traditional domain-oriented 
assessment with a multi-componential approach, where 
the latter, represented by computerized tools, allows for 
the simultaneous evaluation of multiple sub-processes 
underlying cognitive functioning. 

Cambridge Neuropsychological Test Automated 
Battery (CANTAB) is a computerized neuropsychological 
test battery based on touch-screen presentation of 
visual stimuli (23, 24). It has been used in a wide range 
of neurologic clinical and research settings, including 
studies with healthy elderly subjects (25). CANTAB has 
been developed on the basis of neuroanatomic-functional 
models of cognitive functioning derived from animal 
studies, then translated in human subjects with the 
assumption of higher sensitivity in detecting cognitive 
dysfunction due to multi-componential structure of 
its tasks. In fact, neuroimaging studies supported the 
hypothesis that CANTAB tasks allow the simultaneous 
assessment of multiple sub-processes underlying 
cognitive functioning in specific domains, relying on the 
activation of distinct key neural structure or networks 
(26). Thus, CANTAB could be suitable for assessing 
subtle cognitive deficits as compared with traditional 
domain-specific approach (27, 28). Of interest, CANTAB 
allows for the assessment of sub-components of cognitive 
functioning (namely attentional-executive processes, 
speed of information processing, working memory and 
associative learning) likely involved since the earliest AD 
phases (20, 29–31).

To this purpose, we retrospectively analysed 
a consecutive series of SCD subjects referring to our 
Centre for a comprehensive diagnostic assessment, 
including extensive neuropsychological evaluation 
and CSF biomarker assessment. Neuropsychological 
assessment included both traditional batteries, evaluating 
five cognitive domains (verbal memory, attention, 
executive functions, language, visuo-spatial abilities) and 
CANTAB evaluation assessing visual memory (Pattern 
Recognition Memory, PRM), working memory (Spatial 
Working Memory, SWM) and associative learning (Paired 
Associates Learning, PAL). 

According to the performance at traditional battery, 
subjects showing no deficit were defined as cognitively 
normal (CN), as opposite to those showing subtle 
impairment (SI). Normal performance at CANTAB was 
defined as CANTAB-, while presence of impaired scores 
was defined as CANTAB+. Therefore, we created four 
subgroups: those who obtained normal performance 
at both measures (CN/CANTAB-), those with subtle 

cognitive deficits in both measures (SI/CANTAB+) and 
those who presented an “intermediate” cognitive profile 
(CN/CANTAB+ or SI/CANTAB-).

The aim of our study was to evaluate the association 
between CSF patterns and neuropsychological profiles. 

Methods 

Participants

A consecutive series of subjects who referred for 
subjective cognitive decline to Centre for Memory 
Disturbances in the period 2014-2022, having available 
traditional and computerized neuropsychological 
assessment, and CSF biomarkers, were retrospectively 
enrolled. The definition of subjective cognitive decline 
met SCD criteria (10). Since 2008, in our Centre CSF 
collection for early diagnosis of Alzheimer’s disease is 
performed, including cognitively unimpaired subjects 
with subjective memory complaints who express the will 
to know the possible cause of their symptoms (approved 
by Ethics Committee Umbria, 9 October 2008, protocol 
N.19369/08/AV, registry N. 1287/08).

Neuropsychological assessments 

Traditional paper-pencil battery: it includes Mini 
Mental State Examination, MMSE (32), and HIV-
Dementia Rating Scale, HDS (33), as screening tests for 
the assessment of global cognitive functioning, and a 
battery assessing five cognitive domains: attention [Trail 
Making Test-A (34); Digit Span forward (35)], executive 
functions [Trail Making Test-B (34); Digit Span backward 
(35)], verbal memory [Ray Auditory Verbal Learning 
Test, immediate and delayed recall (36); Story recall (37)], 
visuo-spatial abilities [Copy of drawing with and without 
landmarks from Mental Deterioration Battery (36)] and 
language [letter fluency (36) and phonemic fluency (38)].  
Each neuropsychological score was converted to an 
Equivalent Score (ES) using published normative data for 
Italian cohorts. This ES correction method was developed 
by Capitani and colleagues (39) in an Italian multicentre 
study aimed at overcoming the standardization of 
neuropsychological scores after adjustment for age 
and education. This methodology makes it possible to 
establish the test subject’s position relative to a normative 
cohort, taking into account the influence of demographic 
variables. Specifically, the raw score is corrected and then 
converted into the corresponding ES on an ordinal scale 
ranging from 0 to 4 that maps percentile ranks of adjusted 
scores. ES= 0 corresponds to an insufficient score, below 
the 5th percentile; ES= 1 indicates a poor performance, 
between the 5th and 20th percentile; ES= 2-3 falls between 
the 20th and 50th percentile, showing a moderate 
performance; ES= 4 refers to a good performance, above 
the 50th percentile. Accordingly, in our study, subjects 
obtaining ES≥2 in all tests were defined as cognitively 
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normal, CN; subtle impairment (SI) was defined in 
presence of ES=1 in at least one test.

CANTAB® (40): according to the available published 
data related to the sensitivity in detection of early AD, 
three tasks were proposed: Pattern Recognition Memory 
(PRM), Paired Associates Learning (PAL) and Spatial 
Working Memory (SWM). PRM is a measure of visual 
recognition memory in a 2-choice forced paradigm, and 
it has been considered particularly sensitive to temporal 
lobe dysfunction (41) and capable of distinguishing 
between MCI and normal controls (25). The analysed 
measure was “PRM-Immediate” That includes percentage 
of correct trials as outcome measure. PAL assesses visual 
memory and associative learning. It has been suggested 
that it might be used for the screening of AD-related 
memory impairment (26–28, 42). The outcome measure 
used is “PAL-total error” that evaluates the number of 
times the subject chose the incorrect box for a stimulus. 
SWM measures the ability to retain visuo-spatial 
information and manipulate it in working memory, 
which is impaired in early AD (20). It is considered a 
sensitive tool for discriminating MCI from normal ageing 
in combination with other measures of memory, attention 
and executive function (43). Outcome measure used is 
“SWM-between errors”, assessing the total number of 
times the subject returns on a box in which a token has 
previously been found.

Conventionally, insufficient performance at CANTAB 
is defined as ≥ 1.5 SD below normative means (44). Here, 
subtle impaired performance at CANTAB (CANTAB+) 
was defined as scores ≥1 SD below normative means in 
at least one task. We adopted a more inclusive criterion 
in order to include even subtle/minimal deficits at 
CANTAB. 

CSF biomarker assessment 

LP was performed according to international 
guidelines (45). Following a standardized procedure, 
10–12 mL of CSF was collected in sterile polypropylene 
tubes and centrifuged at room temperature for 10 min 
(2000× g). Aliquots (0.5 mL) were frozen at −80 ◦C. In 
the CSF samples collected, Aβ40, Aβ42, total tau (t-tau) 
and tau phosphorylated at threonine 181 (p-tau) levels 
were measured by using Lumipulse G600-II (Lumipulse) 
β-Amyloid 1–40, Lumipulse β-Amyloid 1–42, Lumipulse 
Total Tau and Lumipulse p-Tau 181 assays (Fujirebio 
Europe, Gent, Belgium). Different production lots 
numbers were used to generate data for all Lumipulse 
assays. Standard quality controls and internal quality 
controls were assayed in each run. All analyses were 
performed by board-certified laboratory technicians, 
blinded to clinical data.

By applying the A/T/(N) classification scheme (7), 
A+/T+ profile was considered as CSF AD-like profile.  
According to the cut-off values calculated in our lab (46), 
“A+” corresponds to a CSF Aβ42/40 ratio<0.072, and 

“T+” corresponds to a CSF phospho-tau >50 pg/mL. Low 
CSF Aβ42/Aβ40 ratio and normal value of p-tau was 
defined as isolated amyloidosis (A+/T-). Normal CSF 
Aβ42/Aβ40 ratio and high p-tau was defined as non-AD 
pattern (A-/T+). Normal values of both CSF Aβ42/Aβ40 
ratio and p-tau were defined as non-compatible with AD.

Statistical methodology

The data analysis was performed by using OriginPro 
9 and R v4.2. Demographical and clinical features were 
summarized by using the mean ± standard deviation 
(SD). Multiple groups comparisons for continuous 
variables were performed by Kruskal-Wallis test. 
Dunn’s post-hoc test with Benjamini and Hochberg 
correction was applied to compare neuropsychological 
performances between groups. The statistical significance 
of differences in categorical variables (e.g., sex) among 
groups was assessed by chi-square test. The statistical 
significance of different prevalences among groups (i.e., 
prevalence of A+/T+ and A-T- CSF profiles in groups 
stratified according to cognitive scores) was assessed by 
Fisher’s exact text for count data. To understand which 
test was more efficient in discriminating A+/T+ and 
A-/T- CSF profiles, Least absolute shrinkage and selection 
operator (LASSO), a feature selection technique used 
for machine learning predictive modelling, was used 
(47). Penalty parameters λ corresponding to minimum 
binomial deviance (λmin) and to the minimum plus 1 
standard error (λ1SE) were calculated by cross-validation. 
The glmnet R package was used for these purposes (48). 
Logistic regression (glm package) was then applied to 
further assess the significance of the association between 
LASSO-selected tests and A+/T+ status by assuming age, 
gender and education as covariates. Receiver Operating 
Characteristic (ROC) curve analysis was also performed 
by using the R package pROC (49)  (see Supplementary 
material). The area under the curve (AUC) and AUC 
confidence intervals were calculated by using 2000 
bootstrap replicates. A significance level of 0.05 was 
assumed in all the analyses.

Results

The  de ta i l s  o f  SCD demographic  de ta i l s , 
A/T/N profiles and subcategories according to the 
neuropsychological performance (CN, SI, CANTAB+, 
CANTAB-,  CN/CANTAB-,  SI/CANTAB-;  CN/
CANTAB+; SI/CANTAB+) are reported in Table 1. With 
respect to CSF profile, approx. half of SCD subjects 
(35/74, 47%) were A-/T-, as opposite to one third of 
them (22/74, 30%) showing a CSF AD like profile (A+/
T+). Out of 74 SCD individuals, only 7 (9%) showed 
a completely normal neuropsychological performance 
(CN/CANTAB-), while 35 (47%) showed some deficit in 
both measures (SI/CANTAB+). Raw scores (mean and 
SD) and number of impaired scores on traditional tests 
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and CANTAB tasks are reported in Table 2. 
The associat ions between CSF pattern and 

neuropsychological profiles are reported in Figure 1. CN/
CANTAB- showed A-/T- CSF profile in 6 out of 7 subjects 
(86%). None of them showed A+/T- or A+/T+ profile. 
SI/CANTAB+ subjects showed the highest prevalence 
of A+/T+ profile (14/35, 40%). SI/CANTAB+ was 
significantly associated with A+/T+ (p=0.03), compared 
to CN/CANTAB- with A-/T- (Fisher exact test for count 
data). 

Success ively,  we wanted to  explore  which 
neuropsychological measure could best predict the 
presence of an AD-like CSF profile. Nineteen variables 
(age, education, traditional tests, n=13; CANTAB outcome 

measures, n=4) were included in the LASSO regression. 
After variables screening selection, two variables 
remained significant predictors of CSF A+/T+ profile: age 
and SWM-between error (Supplementary Material, Figure 
S1). Of interest, SWM-between error remained significant 
associated with A+/T+ by logistic regression, even by 
assuming age, gender and education as covariates. 

Discussion
 
In front of the forthcoming availability of disease-

modifying agents for treating Alzheimer’s Disease, the 
ideal subjects to be treated belong to the preclinical stage 
of AD, ie, functionally healthy individuals with no/

Table 1. Demographic and clinical characteristics of the SCD cohort and the 4 subgroups. Multiple groups comparison 
was performed by Kruskal-Wallis test for age and education. Multiple groups comparison on count data (gender) was 
performed by chi-square test  

SCD cohort
(N=74)

CN/CANTAB-
(N=7)

CN/CANTAB+
(N=17)

SI/CANTAB-
(N=15)

SI/CANTAB+
(N=35)

Multiple Groups
Comparison p-values

Age, mean (SD) in years 67.4 (7) 64.6 (8.54) 68.4 (4.6) 63.9 (5.3) 69.1 (7) 0.07

Females, n (%) 37 (50) 5 (71) 9 (53) 3 (20) 18 (51) 0.31

Education, mean (SD) 11.5 (3.9) 13 (4.2) 11.7 (4.1) 12.4 (3.5) 10.7 (3.9) 0.33

A/T/N classification, n (%)

A-/T- 35 (47) 6 (86) 7 (41) 8 (53) 14 (40)

A+/T- 5 (7) 0 2 (12) 2 (13) 1 (3)

A+/T+ 22 (30) 0 5 (29) 3 (20) 14 (40)

A-/T+ 12(16) 1 (14) 3 (18) 2 (13) 6 (17)
CANTAB: Cambridge Neuropsychological Test Automated Battery; CN: cognitively normal; SI: subtle impairment; SCD: subjective cognitive decline

Figure 1. Association between neuropsychological profiles and ATN classification 

CANTAB- = normal performance; CANTAB+ = at least one altered score
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Table 2. Traditional tests and CANTAB scores in the SCD cohort and in the subgroups. Multiple groups comparison 
was performed by Kruskal-Wallis test with Dunn’s post-hoc test with Benjamini and Hochberg correction

SCD cohort  
(N=74)

CN/CANTAB-
 (N=7)

CN/CANTAB+ 
(N=17)

SI/CANTAB- 
(N=15)

SI/CANTAB+ 
(N=35)

*Comparison(s) p-values <0.05

Traditional cognitive tests, mean score (SD)

Screening tests

MMSE 28.1 (1.23) 28.1 (1.95) 28.6 (0.94) 28.07 (1.27) 27.94 (1.14) -

HDS-IT 12.2 (2.59) 13.5 (2.65) 12.8 (2.73) 13.00 (1.66) 11.34 (2.62) -

CDT 1.6 (2.3) 1.2 (2.40) 1.6 (2.87) 0.92 (1.44) 1.89 (2.26) -

Attention 

TMT- A 46.62 (18.88) 41.3 (18.83) 39.7 (11.98) 41.38 (10.67) 53.49 (21.79) -

ES=1, n 3 0 0 0 3

Digit Span Forward 5.88 (1.09) 6.7 (0.76) 6.3 (1.36) 5.71 (1.07) 5.69 (0.99) CN/CANTAB- vs CN/CANTAB+

ES=1, n 4 0 0 1 3

Executive functions

TMT – B 139.16 (60.30) 101.2 (49.28) 69.4 (35.92) 126.08 (46.37) 167.77 (63.89) CN/CANTAB- vs SI/CANTAB+

ES=1, n 5 0 0 0 5 SI/CANTAB- vs SI/CANTAB+

Digit Span Backward 4.29 (1.10) 4.9 (1.35) 4.7 (0.98) 4.50 (1.22) 3.97 (0.98) -

ES=1, n 11 0 2 9

Memory

RAVLT– immediate recall 36.61 (8.12) 45.6 (9.29) 39.9 (6.64) 36.29 (8.19) 32.97 (6.25) CN/CANTAB- vs SI/CANTAB+

ES=1, n 15 0 0 4 11 SI/CANTAB- vs SI/CANTAB+

RAVLT – delayed recall 6.81 (2.70) 9.3 (3.45) 7.6 (2.50) 6.50 (2.35) 5.86 (2.12) CN/CANTAB- vs SI/CANTAB+

ES=1, n 15 0 0 5 10 SI/CANTAB- vs SI/CANTAB+

Logical Memory (WMS-IV) 11.51 (3.57) 12.3 (4.51) 12.2 (2.55) 13.29 (1.49) 10.57 (3.42) -

ES=1, n 20 0 0 5 15

Visuospatial functions

Copy Drawing Test (MDB) 9.72 (1.22) 11.0 (1.41) 9.7 (1.30) 10.00 (1.00) 9.57 (1.26) -

ES=1, n 3 0 0 1 2

Copy Drawing Test with Landmarks (MDB) 67.11 (2.49) 69.0 (1.41) 68.3 (2.14) 67.09 (2.51) 66.46 (2.56) -

ES=1, n 7 0 0 2 5

Language

Letter fluency 32.80 (11.69) 45.4 (10.24) 37.2 (12.58) 31.36 (10.87) 28.86 (9.76) CN/CANTAB- vs CN/CANTAB+

ES=1, n 13 0 0 6 7 CN/CANTAB- vs SI/CANTAB+
SI/CANTAB- vs SI/CANTAB+

Semantic fluency 39.44 (9.25) 45.1 (11.94) 43.1 (9.16) 40.00 (8.17) 36.23 (8.29) -

ES=1, n 6 0 0 2 4

CANTAB. mean score (SD)

PRM – Percent Correct Immediate 81.69 (11.26) 94.64 (5.75) 78.9 (12.32) 86.91 (5.96) 78.47 (10.24) CN/CANTAB- vs SI/CANTAB-

impaired performance, n 43 0 8 0 17 CN/CANTAB- vs SI/CANTAB+
CN/CANTAB+ vs SI/CANTAB+

PAL - Total Errors 41.11 (26.34) 19.86 (16.79) 42.4 (25.14) 23.93 (9.94) 52.79 (27.57) CN/CANTAB- vs SI/CANTAB+

impaired performance, n 32 0 7 0 23 CN/CANTAB+ vs SI/CANTAB+

SWM – Between errors 16.73 (7.6) 12.95 (7.31) 14.7 (8.26) 11.79 (5.79)0 20.44 (6.41) CN/CANTAB- vs SI/CANTAB+

impaired performance, n 17 0 5 0 18 CN/CANTAB- vs SI/CANTAB+

CANTAB: Cambridge Neuropsychological Test Automated Battery; CDT: Clock Drawing Test; CN: cognitively normal; ES: Equivalent Scores (Capitani et al. 1987); 
HDS-IT: HIV Dementia Scale Italian Version; MDB: Mental Deterioration Battery; MMSE: Mini mental State Examination; PAL: Paired Associates Learning PRM: Pattern 
Recognition Memory; SWM: Spatial Working Memory; RAVLT: Rey’s Auditory Verbal Learning Test; SCD: subjective cognitive decline: SD: standard deviation; SI: subtle 
impairment; TMT: Trail Making Test; WMS-IV: Wechsler Memory Scale- Fourth Edition
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minimal cognitive deficits. Unfortunately, in clinical 
practice, we are still unable to define how to screen and 
select these subjects, who could most benefit from these 
treatments. 

To this aim, the first need is to find objective, repeatable 
and reliable measures of subtle cognitive impairment 
justifying the subsequent diagnostic work-up by means of 
biomarkers assessment. 

So far, attempts to identify such minimal cognitive 
deficits by means of neuropsychological measures have 
provided inconsistent findings (50–52). Our approach 
is to combine two complementary neuropsychological 
measures, ie, the traditional, domain-oriented, batteries 
and CANTAB computerized battery, which gives the 
simultaneous assessment of multiple sub-processes 
underlying cognitive functioning. 

In this retrospective study we observed that 40% of 
SCD subjects with subtle deficits in both traditional and 
computerized neuropsychological measures have a CSF 
AD-like profile (A+T+) while none of SCD cases with a 
completely normal neuropsychological profile at the two 
measures show a pathological CSF profile. This finding 
is in line with a recent paper by Jessen and colleagues 
(19). In it, a rate of ≈40% amyloid positivity, based on 
either CSF Aß42/Aß40 or amyloid-PET, was documented 
in SCD subjects referring to a Memory Clinics, and 
showing subtle deficits at neuropsychological assessment. 
These findings should prompt us to carefully consider, 
in Memory Clinics, the need of a systematic diagnostic 
approach to SCD individuals who want to know the 
cause of the disturbances they perceive. 

As an exploratory analysis, we found that CANTAB 
SWM-between errors resulted the only measure able 
to predict CSF AD biomarkers positivity. Although 
statistically significant, we cannot generalize this finding. 
Single-measure approaches have been largely criticized 
for the assessment of Mild Cognitive Impairment since 
they may increase the risk of either under- or over-
estimation of the magnitude of cognitive decline (one-
test approach) (53). The assumption of a cognitive 
impairment being captured by a single measure, as 
well as the consequent use of a single test to assess a 
cognitive domain, should be even more avoided 
when we are dealing with subjects with SCD. A more 
complex neuropsychological approach that imply the 
combination of complementary cognitive measures is 
necessary for the detection of subtle but objective 
deficits in SCD subjects. In fact, as our data suggest, the 
assessment of neuropsychological profile by means of 
both traditional domain-oriented tests and computerized 
batteries, ie CANTAB, may further contribute to the 
accurate identification of subjects requiring biomarker 
assessment. This statement implies the need to have 
qualified neuropsychologists devoted to the assessment 
of subtle cognitive deficits.

As limitations of our explorative study, we must 
acknowledge the relative paucity of subjects and the 

single-center sample, which may have reduced the 
representativeness of SCD subjects. Replicating this work 
on larger and multi-centric cohorts are thus needed to 
validate the results of our observations.

In conclusion, a high percentage of subjects with 
subjective cognitive decline may have a CSF profile 
compatible with Alzheimer ’s Disease. This finding 
poses the need to operationalize the neuropsychological 
approach to these subjects in Memory Clinics, in order 
to make it available for diagnostic purposes. The added 
value of combined traditional and computerized 
measures for objectifying subtle cognitive deficits needs 
to be confirmed by means of larger, longitudinal cohorts 
of SCD subjects characterized with CSF AD biomarkers. 
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