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Abstract.

Background: Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAS-Cog) is a widely used screening tool for
detecting older adults with Alzheimer’s disease among their cognitively healthy peers. A previous study in Greek popula-
tion showed that ADAS-Cog-Greek (G) is a valid tool and can identify people with Alzheimer’s disease from older adult
control group; however, there is no current data about whether ADAS-Cog can differentiate older adults with mild cognitive
impairment (MCI) from those who have subjective cognitive decline (SCD).

Objective: The current study aimed to examine the discriminant potential of ADAS-Cog-G in Greek older adults who meet
the criteria for SCD or MCIL.

Methods: Four hundred eighty-two community-dwelling older adults, visitors of the Greek Alzheimer Association and
Related Disorders, were enrolled in the current study. One hundred seventy-six of them met the criteria for SCD and three
hundred six had MCI.
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Results: Path analysis applied to the data showed that age, as well as educational level affected ADAS-Cog-G performance.

Results showed that the cut-off scores, which better discriminate people with SCD from MCI as well as their sensitivity and
specificity values, were extracted in participants with high educational level (13 educational years<) and mainly under the

age of 75 years.

Conclusions: The current study provided evidence concerning the discriminant potential of ADAS-Cog-G to differentiate

older adults with SCD from those with MCI in the Greek population, and therefore contributes to the relevant literature on

the field.

Keywords: Alzheimer’s disease, Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog-Greek), cutoff
scores, discriminant validity, mild cognitive impairment, validation

INTRODUCTION

The need for accurate assessment of general cog-
nitive ability is necessary in older adults’ population,
to identify those at greater risk of developing demen-
tia, as well as evaluate the clinical trials implemented
in people living with dementia. The Alzheimer’s
Disease Assessment Scale (ADAS) calculated by
adding the cognitive (ADAS-Cog) and non-cognitive
(ADAS-Nocog) subscales is a widely used screening
tool to identify older adults with Alzheimer’s disease
(AD) and has been adapted in many countries such as
Italy, Turkey, Iceland, Spain, Korea, Brazil, Slovakia,
Portugal, sub-Saharan Africa, Taiwan, Slovenia, and
China [1-11] respectively.

Since, ADAS assesses a plethora of cognitive func-
tioning impairments, which are the core symptoms of
dementia and mainly AD, as well as the participants’
functional status [2], it is considered a complete
assessment in comparison to other screening batteries
[3] and therefore, it is often included in AD phar-
macological clinical trials. Specifically, according to
Cano et al. [12], ADAS is the widest screening tool
used in clinical trials about AD, whereas Paddick et
al. [8] support its use in pharmacological and non-
pharmacological intervention protocols, especially in
high-income countries. In line with this, the Food and
Drug Administration (FDA) assumes ADAS-Cog is
a useful screening tool to be administered in older
adults who participate in clinical trials [13, 14]. Nev-
ertheless, besides its use in identifying patients with
AD, it has been also used in studies that involved non-
AD populations such as those diagnosed with mild
cognitive impairment (MCI) [15], vascular dementia
[16], and Parkinson’s disease [17].

As regards the effects of demographic variables on
ADAS-Cog, previous studies [6, 18] have found that
gender, age, and educational level do not impact its
score, whereas Liu and colleagues [19] found that
the ADAS-Cog total score was uninfluenced by the

demographic variables of gender, age and educational
level in a population of cognitively intact older adults,
those with questionable dementia as well as those
with AD. The only case in which the participants’
performance was affected was in those with low
educational level (0—6 years of schooling). Taking
into account that ADAS-Cog includes some literacy-
dependent tasks, such as the recall and drawing tasks,
it is quite significant to validate this screening tool,
despite the fact that itis culturally free [20, 21]. On the
other side, Rockwood et al. [22] provide evidence that
ADAS-Cog declines with age in patients with mild
and moderate AD, consequently, it seems that data
regarding the effects of demographics on ADAS-Cog
are controversial.

Regarding the Greek version, namely the ADAS-
Cog-Greek (ADAS-Cog-G) [23], ADAS-Cog-G is
very sensitive even in detecting impairment dur-
ing the later stages of AD, and therefore its use is
highly recommended for clinicians and researchers
who implement pharmaceutical protocols. Given that
ADAS-Cog can be administered in all different stages
of AD, from the mild to the more severe ones [12], it
can be considered a valuable screening tool to test the
efficacy of the therapeutic interventions, both phar-
macological and non-pharmacological ones.

Validation studies for the ADAS and ADAS-
Cog, particularly in the MCI population, are limited
because it has been primarily used to detect patients
with mild dementia for clinical or research pur-
poses. Therefore, it is of most importance to examine
whether the test can discriminate healthy older adults
from those with MCI (multiple domains). Addition-
ally, Sano and colleagues [24] found that ADAS-Cog,
and specifically the Delayed Recall task, can effec-
tively identify those with MCI, but has limited
capacity to detect those with mild AD. Notewor-
thy, Llano et al. [25] found that the ADAS 13-item
could predict the conversion of MCI to demen-
tia, in comparison with biomarker profiles extracted
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from volumetric magnetic resonance imaging (MRI),
fluorodeoxyglucose-positron emission tomography
(FDG-PET), or cerebrospinal fluid (CSF) records,
whereas Fleisher et al. [26] support the prediction
model from amnestic MCI to AD, which consists of
the delayed 10-word recall, the New York University
Paragraph Recall Test (NYU) delayed paragraph as
well as the ADAS-Cog total score. However, adding
volumetric MRI analysis into this model, the pre-
diction indexes were not increased. Therefore, the
previous studies claim that cognitive assessment can
equally predict the conversion from MCI to AD com-
pared to imaging biomarkers, which highlights the
need to calculate the discriminant potential of these
tests.

To sum up, given that previous studies [1] support
the use of ADAS-Cog in predicting the conversion
to AD in MCI population, and highlight its clinical
utility in detecting those with MCI [27-29], current
diagnostic processes should be enriched with newly
developed studies which focus on the use of screen-
ing tools in specific clinical populations. The present
study attempts to identify the diagnostic accuracy and
discriminative capacity of the ADAS-Cog-G regard-
ing MCI and subjective cognitive decline (SCD),
which means providing cut-off scores, sensitivity,
specificity, area under the curve (AUC), positive pre-
dictive value, and negative predictive value as well as
concurrent validity of the test.

Purposes of the study

The purposes of the current study were:

a) To identify whether participants’ performance
on the ADAS-Cog-G is influenced by the
demographic variables of gender, age, and edu-
cational level;

b) To examine psychometric properties of ADAS-
Cog-G, in specific, concurrent validity and
discriminant validity as measured by the cut-off
scores;

c¢) To differentiate people with MCI from those
with SCD.

METHODS
Design
In the current study, which was a database one,

we selected queries from the electronic database of
the Day Care Centers (DCCs) of the Greek Associ-

ation of Alzheimer’s Disease and Related Disorders
(GAADRD). In more detail, the sample consisted of
two different groups: a) community-dwelling older
adults with SCD, and b) people with MCI (amnes-
tic and non-amnestic of multiple domains) who had
initially come to the DCCs, to undergo the neu-
ropsychological and neurological evaluation due to
memory complaints, during the period 2020 to 2022.
All the study’s participants read the information sheet
and signed the informed consent during the initial
clinical visit, stating that the research group of the
DCCs had permission to use for research purposes,
their demographic data such as gender, age, and
educational level, as well as data related to their
performance in the neuropsychological tests. After
signing the informed consent, the official neuropsy-
chological assessment was administered along with
the ADAS-Cog-G by neuropsychologists who consti-
tute the expert group. The final diagnosis was set by
the neurologists of the research team. It is noteworthy
that the ADAS-Cog-G was not taken into account in
the diagnostic process. The study was approved by the
Scientific and Ethics Committee of the Greek Associ-
ation of Alzheimer’s Disease and Related Disorders
(Scientific Committee Approved Meeting Number:
58-5/27-05-2020, and was aligned with the principles
outlined in the Helsinki Declaration [30].

Participants

From the initial sample of 538 people who under-
went the neuropsychological examination from 2021
to 2022, 482 met the eligibility criteria and they were
also randomized, and therefore were included in the
current study. Additionally, Power Analysis was per-
formed to select at least the minimum number of
participants in line with the design of the study.

Therefore, four hundred and eighty-two (482)
older adults (142 men and 340 women) with a mean
age of 68.8 (SD 7.15) years and a mean educational
level of 12.27 (SD 3.9) years of schooling, who were
Greek native speakers, took part in the study: (a) peo-
ple with SCD, (n=176, 36 men and 140 women,
age range: 50 to 85 years, M=66.24, SD=6.37,
educational level range: 2 to 21 years, M =13.33,
SD=3.58), and (b) people with MCI, (n=306, 106
men and 200 women, age range: 51 to 87 years,
M=70.33, SD=7.12, educational level range: 2 to
24 years, M =11.68,SD =4.06). The sample was split
into three age groups (age by decades), that is 55-64
years old, 65-74 years old, 75 years old and above,
and into three education levels, as measured by years



546 M. Tsatali et al. / ADAS COG in Detecting SCD Among Participants with MCI

of schooling, that is primary education or low edu-
cational level (<to 6 years), secondary education or
middle educational level (7-12 years) and high edu-
cational level (13 years or more). However, exact
years of schooling and exact years of age were also
used as predictor variables in an initial path model
aiming at examining the demographic differences
between diagnostic groups as well as at revealing the
complex role of demographics in the ADAS-Cog-G
total score. This model was considered important to
precede the classic MANOVA, to formulate an initial,
holistic “picture” of the role of group demographics
in the total score of ADAS-Cog-G.

The study’s sample characteristics are presented in
Tables 1 and 2.

Data collection and procedure

The two groups of the sample underwent the stan-
dard international diagnostic criteria to be evaluated
as regards their neurocognitive status. In more detail,
they completed the neurological examination, neu-
ropsychological and neuropsychiatric assessment,
neuroimaging, such as computed tomography, and
MRI, and blood tests before the final decision on
whether they should be recruited in the current study.
The aforementioned assessments were evaluated by a
consensus of a specialized neurologist as well as two
neuropsychologists, considered experts in neurocog-
nitive disorders.

The SCD group consisted of older adults who had
initially come to the GAADRD in order to pass the
diagnostic process reporting subjective memory com-
plaints. Since, no cognitive impairment was found,
therefore they were regarded as cognitively intact.
However, according to the literature [31, 32], self-
reported complaints could be a predictor of objective
cognitive decline in the future, whereas a study by
Poptsi and colleagues [33] supports that the group of
SCD can be discriminated from healthy older adults
and those with MCL

Table 1
Descriptive statistics for the sample’s groups

Characteristics SCD (n=176) MCI (n=306) P
Mean (SD)
Age 66.24 (6.37)  70.33(7.12)  0.001

Gender (Male/Female) 36/140 106/200 <0.001
Years of education 12.33 (3.58) 11.68 (4.06) <0.001

M, median score; SD, standard deviation; SCD, subjective cogni-
tive decline; MCI, mild cognitive impairment.

The inclusion criteria for the SCD [34] were
as follows: a) feelings of deteriorated memory
performance not associated with existing depres-
sive symptomatology, b) lack of objective cognitive
impairment, according to the neuropsychological
evaluation, and c) completing the criteria for stage
2 of the disease according to the Global Deterio-
ration Scale (GDS) [35]. The inclusion criteria for
MCI were: a) diagnosis of MCI according to Petersen
[36] and Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-5) [37], b) Mini-Mental State
Examination (MMSE) total score > 26, c¢) stage 3 of
the disease according to the GDS [35], d) 1.5 standard
deviation (SD) below the normal mean according to
age and education, in at least one cognitive domain
according to the utilized neuropsychological tests.

The exclusion criteria in both groups are the
following: a) history of psychiatric illness such
as Schizophrenia or affective disorder (Major
Depression-General Anxiety Disorder), b) substance
abuse or alcoholism, c) history of traumatic brain
injury, d) neurological disorders such as hydro-
cephalus, Parkinson’s disease, encephalitis, brain
tumor, epilepsy, and stroke history, e) thyroid, dia-
betes, g) drug treatment with opioids, B12, folate, and
h) severe sensory deficits. It is worth noting that older
adults with mild cardiovascular problems, such as
mild hypertension were not excluded from the groups
of the sample.

Instruments

The neuropsychological evaluation lasted for two
hours, divided into two different face-to-face ses-
sions to obtain the participants’ best performance
reducing the possibility of getting tired. In the begin-
ning the following neuropsychological tests, adapted
to Greek population, were administered: MMSE
(Greek cut-off scores from Fountoulakis et al. [38]),
and Montreal Cognitive Assessment (MoCA; Greek
cut-off scores from Poptsi et al. [39]), were ini-
tially administered because they are screening tools.
Afterward, Rey’s Verbal Learning Test (RAVLT;
Greek cut-off scores from Messinis et al. [40]) and
the Extended Rivermead Behavioral Memory Test
(RBMT; Greek cut-off score from Efklides and col-
leagues [41]) were given to assess participants’ verbal
learning as well as episodic memory capacity. Visu-
ospatial skills were measured by the Rey Complex
Figure Test (RCFT) adapted for Greek population
by Tsatali et al. [42, 43]. Verbal fluency was mea-
sured by the verbal fluency test (Greek cut-off score
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Mean and Standard Deviations of the ADAS-Cog in the two groups

Characteristics SCD (n=176) MCI (n=306) P
Mean (SD) P

ADAS-Cog

11 item total score 8.51 (4.00) 14.05 (3.23) <0.001
Memory

Word recall (0-10) 3.05 (2.58) 4.40(1.15) <0.001

‘Word recognition (0-12) 0.89 (0.76) 1.57 (1.04) <0.001

Orientation (0-8) 0.02 (0.18) 0.09 (0.31) 0.007
Language

Naming (0-5) 0.05 (0.23) 0.22 (0.47) <0.001

Word-finding difficulty (0-5) 0.13(0.33)
Praxis

Ideational (0-5) 0.12 (0.37) 0.13 (0.40)

Constructional (0-5) 0.23 (0.45) 0.40 (0.61) 0.001
Delayed recall (0-10) 2.71(1.72) 4.94 (1.67) <0.001
Number cancellation (0-5) 1.25 (.82) 1.81 (.99) <0.001

M, median score; SD, standard deviation; SCD, subjective cognitive decline; MCI, mild cogni-
tive impairment; ADAS-Cog, Alzheimer’s Disease Assessment Scale — Cognitive Subscale.

from Kosmidis et al. [44]). Executive functions were
measured by the Stroop Neuropsychological Screen-
ing Test (SNST; Greek cut-off scores from Zalonis
et al. [45]), as well as the Trail Making Test-part
B (TMT-B; Greek cut-off scores from Zalonis et
al. [46]). Finally, the Wechsler Adult Intelligence
Scale (WAIS-FSIQ; Digit span and Digit symbol,
Greek cut-off score from Tsatali et al. [47]) subtests
were also administered to measure working memory
performance. Additionally, functional capacity was
measured by the Instrumental Activities of Daily Liv-
ing (IADL; Greek cut-off scores from Theotoka et
al. [48]), and the FUnctional Cognitive Assessment
Scale (FUCAS; Greek cut-off scores from Kounti
et al. [49]). Moreover, Clinical Dementia Rating
(CDR) [50], a global scale developed to identify
AD dementia as well as its severity stage, was also
used. CDR constituted semi-structured interviews
completed by the examiner to rate the participants’
performance in the following domains: memory, ori-
entation, judgment and problem-solving, community
affairs, home and hobbies, and personal care. Finally,
the Geriatric Depression Scale (GDS-15; Greek cut-
off scores from Fountoulakis and colleagues, validity
measures were the following: Sensitivity =92.23 and
Specificity =95.24, Cronbach’s alpha value=0.94;
whereas factor analysis revealed 4 factors [51]), the
Short Anxiety Screening Test (SAST; Greek Cron-
bach’s alpha value was found to be 0.763 and ICC
was (0.763; factor analysis revealed three factors with
eigenvalues > 1.0 accounting for 60% of variance
[52]), and the Perceived Stress Scale (PSS; Greek
Cronbach’s alpha value was found to be 0.82 (for

the full scale), whereas the correlation coefficients
between Greek PSS with DASS-21 subscales scores
were the following; correlation with stress (r=0.64),
depression (r=0.61), and anxiety (r=0.54) [53],
were used to measure depressive and anxiety symp-
toms.

ADAS-Cog description

Rosen et al. [54] eveloped in 1984 a new screening
neuropsychological tool that measures a large vari-
ety of cognitive functions as well as motor ability
and perception. ADAS includes 21 items assessing
the primary symptoms of AD. The Greek transla-
tion includes two parts; the first measures cognitive
function through cognitive tasks administration; it
includes 13 items with scores up to 70; whereas the
second evaluates behavioral patterns and signs of
psychopathology through the clinical interview. The
first part is called ADAS-Cog; it includes 9 cogni-
tive subtests as well as a brief interview that aims to
assess various spontaneous language features (e.g.,
fluency in speech, comprehension, understanding,
and quality of speech). The 9 cognitive subtests are
the following: immediate word recall, comprehension
of commands, constructional praxis, object and finger
naming, ideational praxis, orientation, delayed recall,
number cancellation, and word recognition [24].
Higher scores reflect poorer performance or greater
cognitive, behavioral, and functionality impairment
[55]. The ADAS max score is 110, including ADAS-
Cog and ADAS-Noncog subtests.



548 M. Tsatali et al. / ADAS COG in Detecting SCD Among Participants with MCI

Statistical analysis

Power Analysis was initially performed, to deter-
mine the required number of participants needed. The
results showed that a sample size of at least 280
participants was required to observe a small between-
groups effect size (Cohen’s f=0.25) with a level of
0.05 and power of 0.95.

Initially, descriptive statistics were calculated. Path
analysis followed, to describe group differences due
to demographics and their potentially complex (direct
and indirect effects) role in the formulation of the
total score of ADAS-Cog-G. Path analysis was con-
ducted in EQS (version 6.4) statistical software [56].
A maximum likelihood estimation procedure was
performed. Two variables (Gender and Diagnostic
group) were dichotomous (0, 1, see Bentler [56] for
details regarding MIMIC modeling). Regarding the
confirmation of a path model, a non-significant level
of the Goodness of Fit index x2, namely p>0.03, is
indicative of a good fit of the model to the data. When
the value of the root mean square error of approxima-
tion index (RMSEA) is <0.05, it is an indication of
the good fit of the model to the data. RMSEA values
ranging from 0.06 to 0.08 indicate a reasonable and,
therefore, acceptable approximation error. Additional
support for the fit of the solution is evidenced by a
90% confidence interval range of the RMSEA, whose
upper limit is below the cut-off values of 0.08-0.10.
However, the RMSEA value is relatively expanded
in many cases, and this is reflected in the confidence
interval range. In such a case, RMSEA should be
considered as a model fit index, but with caution and
taking into account other indices as well. The SRMR
index is an absolute measure of fit and is defined as
the standardized difference between the observed cor-
relation and the predicted correlation. Because the
SRMR is an absolute measure of fit, a value of zero
indicates perfect fit. A value less than 0.08 is generally
considered a good fit.

Conversely, the Comparative Fit Index (CFI)
examines whether the data fit a hypothesized path
model compared to the basic model. Values greater
than 0.90 indicate an adequate fit of the model to the
data, whereas values close to 1.00 indicate a good
fit. To improve model fit, we examined the modifi-
cation indices, namely the Wald and the Lagrange
tests, which represent frequently used statistics to
identify focal areas of a misfit in a path analysis
solution [57]. Subsequently, Multivariate Analysis
of Variance (MANOVA) was performed to test for
demographic (gender, age-group, educational level)

and/or diagnostic effects or their interactions on
ADAS-Cog-G performance. The Bonferroni test was
also used for post hoc multiple comparisons, to
test for all the significant interactions. Additionally,
Pearson’s correlation coefficients were conducted to
explore the concurrent validity to identify the diag-
nostic accuracy of the ADAS-Cog-G to discriminate
SCD from MCI population. In detail, the receiver
operating characteristics (ROC) curve was calculated
wherein larger AUC indicate better diagnostic accu-
racy. Moreover, the optimal cut-off points were also
determined. For each cut-off point the sensitivity (the
probability for subjects with disease to have a posi-
tive test), and specificity (the probability for subjects
without disease to have a negative test) levels were
conducted as well as their positive predictive val-
ues (PPV; the probability of disease in participants
who have a positive test), and negative predictive
values (NPV; probability of the classification “with-
out disease” in participants who have a negative
test). The AUC metric was used for identifying
whether the ADAS-Cog-G discriminant potential is
poor (0.51-0.69), acceptable (0.7-0.79), good (0.8—
0.89), excellent (0.9-0.99) or perfect (1.0), according
to the relative literature [58].

The statistical analyses were performed by the
SPSS software version 27 (IBM Corp, Armonk, New
York), whereas an alpha value of 0.05 (two-tailed)
was used. The baseline sample was not randomly
selected, since the participants were visitors of the
DCCs, to be tested for preventive purposes. However,
because of the unequal group number of participants
(people with SCD and MCI) the sample was random-
ized through the respective command of the SPSS (in
30%). Therefore, via this method, a random sample
of cases was generated.

RESULTS

The path model, which was almost perfectly con-
firmed, x> (2, 482)=3.807, p<0.05, CFI=0.99,
SRMR =0.02, RMSEA =0.04 (90% CI: 0.00-0.10),
shows that the group of SCD is constituted of more
women than men, and is significantly younger and
with more years of schooling compared to the MCI
group. Given that the MCI group has a significantly
higher score in ADAS-Cog-G than the SCD group,
gender, exact age, and education as years of school-
ing appear to indirectly affect -via their directional
relationships with diagnostic group- ADAS-Cog-G
total score. However, besides these associations, age
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Fig. 1. The directional relationships between demographic factors, diagnostic group, and ADAS-COG total score. *All paths are significant

at p <0.05; E, measurement error.

and education appear to directly affect ADAS-Cog-G
total score as well. This means that besides diagnosis,
more years of age and fewer years of schooling can
play a significant role in the performance of ADAS-
Cog. Itis very interesting that according to the model
(see Fig. 1), 46.3% of the sample’s performance can
be explained by diagnosis, age, and education.

Given the complex role of demographics as shown
in the path model, we considered that it would be
useful to proceed with multivariate analysis of vari-
ance (MANOVA), in order to examine demographic
effects (age group: 55-64 years = 1st age group; 65—
74 years=2nd age group; 75 years and older =3rd
age group), gender (men, women), and educational
level (<6 years of schooling =low educational level
LEL; 7-12 years =middle educational level MEL,;
13 years and more =high educational level HEL),
as well as diagnostic group effects on ADAS-Cog-
G scores in a more normative way. Results showed
that there was no statistically significant effect of
gender (p=0.625). However, age group (p <0.001),
educational level (p<0.001), and diagnostic group
(»<0.001) had statistically significant effects on
ADAS-Cog-G sum score.

Psychometric properties

To explore concurrent validity, Pearson correla-
tion coefficients were computed for ADAS-Cog-G,
MMSE, MoCA, and CDR. The results were
statistically significant and negative between ADAS-
Cog-G and MMSE (r=-0.32; p<0.001), and MoCA
(r=-0.54; p<0.001); whereas they were posi-
tive between ADAS-Cog-G and CDR (r=0.37;

Table 3
Correlation between ADAS-Cog and various screening tests in the
groups of SCD and MCI
Screening tests 1 2 3 4
1. ADAS Cog - —0.319%* —0.534%* 0.365%*
2. MMSE - 0.429%* —0.371%*
3. MoCA - —0.443%*
4.CDR -

ADAS-Cog, Alzheimer’s Disease Assessment Scale Cognitive
Subscale; MMSE, Mini-Mental State Examination; MoCA, Mon-
treal Cognitive Assessment; CDR, Clinical Dementia Rating.

p<0.001). All correlations are placed in Table 3
below.

ADAS Cog-G sum score’s discriminant potential
for SCD and MCI groups

To identify the level of discriminant potential of
ADAS-Cog-G, the AUC of the ROC curve was cal-
culated. Therefore, according to the AUC, the ADAS
Cog-G sum score discriminant potential regarding
SCD and MCI was at a mean score acceptable to
perfect.

Cut-off scores, AUC, Sensitivity and Specificity
levels as well as PPV and NPV are placed in Table 4.

DISCUSSION

In the current study, we used the ADAS-Cog-
G, which has been initially translated and adapted
in Greek older adult population by Tsolaki et al.
[23]. However, in their study they used the ADAS
sum score, which was found to perfectly discrimi-
nate patients with AD dementia from their healthy
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Table 4
Diagnostic ADAS-Cog classification between the groups of SCD and MCI
ADAS-Cog AUC Sensitivity Specificity PPV NPV p
Cutoff
SCD-MCI
LEL
55-64 9.65 0.947 89.5 100.0 0.85 1.00 0.015
65-74 13.40 0.750 60.0 77.8 0.63 0.92 0.009
75< ns* 0.175
MEL
55-64 9.13 0.893 75.0 83.3 0.81 0.97 <0.001
65-74 10.65 0.892 96.0 67.0 0.81 0.97 <0.001
75< 12.30 0.986 91.3 83.3 0.94 1.00 <0.001
HEL
55-64 8.35 0.906 91.3 79.0 0.83 0.98 <0.001
65-74 9.95 0.932 90.0 86.4 0.85 1.00 <0.001
75< 12.10 0.877 89.1 71.4 0.74 1.00 0.001

SCD, subjective cognitive decline; MCI, mild cognitive impairment; ns, non significant; LEL, low educational level;
MEL, middle educational level; HEL, high educational level; AUC, area under the curve; PPV, positive predictive
value; NPV, negative predictive value. Note: Sensitivity and Specificity values are expressed in percentage.

counterparts at the score level of 13/14 and/or 14/15.
Because in the current study we used ADAS Cog-G
sum score, the results between the two studies are
not comparable. Up to now, there are still no stud-
ies identifying its diagnostic utility to differentiate
older adults who are healthy but express memory
complaints from those with MCI in Greece, although
it is widely used in clinical trials [59] including MCI
population, as mentioned above.

According to the aforementioned results, age and
educational level significantly affect ADAS-Cog-G
sum score, which is in agreement with previous find-
ings across literature, whereas gender was found to
have no effect on ADAS-Cog-G total score. In spe-
cific, the sum score of ADAS-Cog-G is strongly
affected by low educational level and more than 75
years of age. In more detail, the discriminant poten-
tial of the ADAS-Cog-G to differentiate older adults
with SCD from MCI population is excellent for the
age group of people between 55-64 years old, which
highlights that ADAS-Cog-G is strongly affected by
age. Furthermore, according to our results, ADAS-
Cog-G sum score cannot discriminate older adults
older than 75 years old with SCD from those with
MCI. Hence, it can be assumed that it can be prefer-
ably used for younger seniors. As regards educational
level, results showed slightly better AUC values for
those participants who had more than 13 years of
education, whereas sensitivity and specificity indexes
were also higher compared to the low and medium
educational levels. This is also in line with the study
of Liuetal. [19] who found that highly educated older
adults with dementia may overlap with low educated
cognitively healthy seniors. The cut-off scores in the

case of low educational level had satisfactory sensi-
tivity and specificity only in those who belong to the
youngest age group.

A wealth of data has focused on the clinical
utility of ADAS-Cog in identifying patients with
other than dementia clinical conditions. Results from
Brazil [5], show that the cut-off scores for peo-
ple with MCI and AD dementia were respectively
10.9 and 22.9 for 0—4 schooling years, 7.8 and 22.4
for 5-11 schooling years, and 6.2 and 15.4 for 12
years of schooling and more. Hence, it seems that
in accordance with our results, Brazilian partici-
pants’ ADAS-Cog performance was strongly affected
by educational level; however, no age effect has
been reported. Furthermore, data from Singapore
[29] concerning the ADAS-Cog potential to discrim-
inate MCI and AD dementia showed that cut-off
score of <4 could significantly differentiate partic-
ipants with MCI from HC (with ADAS-Cog scale
range =0-70), whereas cut-off score of <12 could
differentiate mild AD dementia population from their
MCI counterparts. Similarly, Monllau et al. [60] pro-
vide evidence that the Colombian ADAS-Cog cut-off
point has been determined to be <5 for MCI popula-
tion, and < 12 (AUC =0.94; sensitivity value =0.89;
specificity value=0.88) for people with dementia.
However, according to their study, the cut-off point
for MCI detection had poor sensitivity (0.73) and
specificity (0.69) levels, which seems it might be
even lower taking into account cross-cultural dif-
ferences. Finally, the cut-off point of 12 found to
differentiate MCI from mild AD dementia had good
sensitivity (0.86) and specificity (0.89) levels, which
is in accordance with the majority of relevant stud-
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ies. Asregards Chinese ADAS-Cog performance, Liu
et al. [19] extracted cut-off scores only stratified by
educational level providing the median score of 11.9
for Chinese illiterates (for participants with <4 years
of schooling), which is partially in agreement to our
study, because we found the cut-off points of 9.65
and 13.40 for those with 55-64 years old and 65-74
years old respectively. Similarly to Chinese results,
the Arabic [61] and Slovenian versions of ADAS-Cog
scores [9] were foundtobe 10and 11, as well as 10/11
points for MCI (having good sensitivity and speci-
ficity scores), and 11/12 for those with AD dementia
(having excellent to perfect sensitivity and specificity
indexes) respectively. However, those cut-off scores
were not stratified by demographic variables. There-
fore no clear comparison can be made to our study.
Concerning the conversion rates from Italian partic-
ipants with amnestic MCI to AD dementia, Rozzini
et al. [1] found that the best cut-off score adjusted for
education to predict the conversion rate from amnes-
tic MCI to AD dementia after one-year follow-up was
the 9.5 (AUC)=0.67, though having poor to accept-
able sensitivity (0.62) and specificity (0.73) values.
The Italian cut-off scores are also in line with the
Portuguese study of Nogueira and colleagues [7].
They found that the optimal cut-off point of <9 to
detect older adults with MCI in a Portuguese cohort
has poor sensitivity index (AUC=0.835; sensitiv-
ity = 58% and specificity =91%). In accordance with
previous studies, the Portuguese cut-off scores were
not stratified by age and education. Finally, Paddick
et al. [8] reported a median score of 12.8 for healthy
controls as well as the medium score of 28.75 for
those with mild/moderate dementia diagnosis in the
rural sub-Saharan Africa population. These results
are in agreement with ours, because the 12-point was
found to discriminate healthy older adults from those
with MCI who are older than 75 years old and have
more than 7 years of schooling. Finally, in the Turkish
version [11] ADAS validation scores were included
instead of cut-off scores, and therefore, our results
are not comparable to this study.

The aforementioned Greek cut-off scores are
higher than that expected for people with normal
cognition according to the various studies. This
is probably the result of participants’ differential
socio-economic status, different educational levels
as well as cross-cultural differences. A significant
factor that could explain this controversy is the fact
that we computed different cut-off scores for sep-
arate age groups and educational levels, because
these variables strongly affect the ADAS-Cog-G sum

scores, whereas other studies like the one from Gra-
ham et al. [62], did not stratify ADAS-Cog cut-off
scores by educational level. Moreover, another reason
that could probably explain the controversial results
between our study to previous ones, is that in this
study participants who had 11-12 years of school-
ing were considered the ‘medium’, whereas previous
studies reported as mean score approximately the 15
years of schooling, which could probably explain bet-
ter ADAS-Cog scores due to increased educational
level. In specific, Youn et al. [4] used the cut-off
score of 15/16 to detect those with AD dementia.
However, the control group of their study had lower
educational level than AD participants. Furthermore,
of foremost importance is that in previous studies
like those from Ben Jemaa et al. [61], Graham et
al. [62], and Kolibas et al. [6], the ADAS-Cog sum
score includes seven out of nine cognitive ADAS-
Cog tasks, whereas the number cancellation as well as
delayed recall subtasks are missing, plus the four non
cognitive subtests which are the following; Spoken
language ability, Comprehensive of spoken language,
Commands, and Recall of test instructions. Addition-
ally, studies like the one from Graham et al. [62]
support that the delayed recall sub test should be
assumed as a separate test from the sum of tests used
to calculate the ADAS-Cog sum score. On the other
hand, the total ADAS-Cog score in this study was cal-
culated from the nine cognitive subtests, mentioned
in the Methods section, which probably explains why
our cut-off scores are increased compared to those
studies. Finally, the number of participants can be an
explanative factor to detect controversies across stud-
ies regarding differential cut-off scores. For example,
the study from Arabic population recruited 25 people
with AD dementia and 33 non-AD [61], whereas the
same distribution was made in the Slovenian study [9]
which recruited 61 healthy controls, 32 people with
MCI and 35 people with AD dementia.

Considering concurrent validity examination,
ADAS-Cog-G has very satisfactory concurrent valid-
ity indexes, because it is highly correlated with
screening tools, specifically MMSE, MoCA, and
CDR which measure general cognitive functioning,
something that is also in line with previous studies
[8,9,61].

Given that screening tools constitute a significant
cornerstone for the diagnosis of clinical neurologi-
cal conditions, and mainly MCI as well as dementia,
it is quite essential to provide neuropsychologists
in Greece with sensitive and specified tools in their
clinical practice during diagnosis and follow-up
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assessment, as well as research protocols’ imple-
mentation. What is also of foremost importance is
to identify which neuropsychological tests can accu-
rately measure the efficacy of non-pharmacological
interventions delivered in people living with MCI as
well as dementia [63] and therefore, provide their
clinical utility in daily practice. Additionally, accord-
ing to Kueper et al. [64], ADAS-Cog can be assumed
as a very satisfactory screening tool to assess the effi-
cacy of treatment in dementia. Taking this significant
need into account, creating validation studies to adapt
these tools in the different cultural frames, it is quite
important for testing whether clinicians can take sig-
nificant information about their stakeholders either
patients or people with SCD and MCL.
Conclusively, the results proved the capacity of
ADAS-Cog-G to differentiate participants of a Greek
MCI cohort from their healthy SCD counterparts.
However, it is not sensitive and specified enough for
those with low educational level and older age.

Limitations

In this study, we did not calculate reliability
indexes. Future endeavors should focus on extract-
ing internal as well as test-retest reliability scores.
Another limitation is the fact that we did not calculate
a cut-off score between MCI and AD dementia, which
is also crucial to draw safer conclusions. Another
significant limitation is that, Ben Jemaa et al. [61]
did principal component analysis that extracted three
ADAS-Cog-G factors; memory, language and praxis,
but no relevant analysis has been made in this study.
Finally, due to MCI heterogeneity, future research
should do relevant studies separating amnestic and
non-amnestic populations with MCI and therefore
calculating different cut-off scores for these groups.
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